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 Al-Samra Wastewater Treatment Plants (WWTPs) play a vital role in Jordan in treating wastewater to 
preserve the ecosystem and public health. A life cycle assessment (LCA) approach is employed to assess the 
ecological impact of Al-Samra WWTP through the years 2021 and 2022. This research aims to employ LCA for 
the Al-Samra operational phase and quantify the key potential environmental impacts associated with its 
operation and Gate-to-Grave boundary using the OpenLCA software tool and the Recipe 2016 midpoint (H) 
method. The LCA results reveal that the Al-Samra WWTP in 2021 had the most significant impact when 
compared to the year 2022 in categories of global warming, ionizing radiation, land use, ozone formation-
human health, ozone formation-terrestrial ecosystems, and stratospheric ozone depletion, while in 2022 Al-
Samra WWTP had the highest impact assessment results compared to the year 2021 in other categories like 
fine particulate matter formation, fossil resource scarcity, mineral resource scarcity, terrestrial acidification, 
and water consumption. The main contributors to environmental impact are inlet load and flow in the 
operation phase, which relies on electricity as the energy source and contributes significantly to the overall 
environmental impact. Based on these potential results, the research highlights the importance of 
implementing sustainable practices to reduce the ecological effects of WWTPs. 

KEYWORDS 

Life cycle assessment (LCA), wastewater treatment plants (WWTPs), Al-Samra wastewater treatment plant, 
case study, openLCA. 

1.   INTRODUCTION 

Countries worldwide are experiencing increasing global water stress due 
to a lack of water supply and deteriorating quality because of the 
exponential increase in the world's population, industrialization, and 
agricultural activities (Kamble et al., 2018; Al-Zghoul et al., 2023). 
Therefore, taking the proper actions, such as treating wastewater 
produced by daily activity and reusing it, will aid in resolving the issues of 
water scarcity and declining river and ocean water quality (Jabr et al., 
2019; Jamrah et al., 2023). Wastewater treatment plants (WWTPs) are 
designed to reduce the amount of contaminants in wastewater before it is 
released into the environment (Gallego-Schmid and Tarpani, 2019; Allami 
et al., 2023). One significant issue in emerging nations is the need for more 
WWTPs. However, WWTPs are one of the primary sources of greenhouse 
gases (GHGs) emissions, which helps increase global warming by releasing 
CO2, N2O, and CH4 into the atmosphere (Nguyen et al., 2019; Gallego-
Schmid and Tarpani, 2019). According to estimates, 5% of the world's 
GHGs emissions come from WWTPs (Nghiem et al., 2017).  

Jordan, as one of the poorest countries in the world in terms of availability 
of fresh water, faces great challenges in preserving groundwater sources 
from excessive depletion, and ensuring a fair distribution of water 
between different sectors (Hamaideh et al., 2024). With apparent effects 
on cities, businesses, social systems, agriculture, and food security, it is 
becoming more vulnerable to climate change (Gallego-Schmid and 
Tarpani, 2019). Even though Jordan's GHGs emissions are relatively low 

globally, it is one of the countries where the effects of climate change are 
starting to be seen (Ministry of Environment, 2022). Due to the severe 
water scarcity that Jordan suffers from, it has become necessary to adopt 
a sustainable management approach to these limited resources to address 
these challenges (Nguyen et al., 2019; Alazaiza et al., 2024). This requires 
taking comprehensive measures at the policy and legislative levels, 
investing in water harvesting, treatment and recycling technologies, and 
enhancing community awareness of the importance of rationalizing water 
consumption. It became Jordan’s environmental protection law requiring 
facilities to conduct an environmental impact assessment (EIA) study to 
identify environmental gaps and work to improve them (Ministry of 
Environment, 2022). 

Before constructing WWTPs and to ensure that they comply with a certain 
design and operation that will not hurt the environment, studies like life 
cycle assessment (LCA) are essential. LCA examines how an item or system 
affects the environment and quantifies the possible lifetime impacts of 
WWTPs during its extraction, manufacture, distribution, use, and disposal 
of raw materials (Curan, 2005). The LCA method entails identifying and 
analyzing various environmental impacts, including using primary 
resources, GHGs emissions, waste production, depletion of resources, and 
pollution of the air, water, and soil (Curan, 2005). While WWTPs provide 
direct environmental benefits, but they also have negative impacts 
because of their high energy requirements for operating the treatment 
facilities and infrastructure (Rashid et al., 2023). When evaluating 
WWTPs, it is important to consider not just the environmental impacts, 
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but also compliance with the technology costs and regulatory 
requirements involved (Rashid et al., 2023). Other key factors include the 
regional/global environmental impacts, socioeconomic conditions, and 
location (Rashid et al., 2023). To assess these various factors, LCA tools are 
frequently used, with software options such as Umberto, Gabi, OpenLCA, 
Semipro, and others (Iswara et al., 2020). These LCA approaches provide 
a more comprehensive analysis to inform decision-making around 
WWTPs. 

One well-known and user-friendly software program that enables LCA is 
OpenLCA (Kiemel et al., 2022; Allami et al., 2023). A key advantage of 
OpenLCA is that it allows users to work with a variety of LCA databases, 
which experts endorse for the software's usability and the breadth of its 
underlying data (Delre et al., 2019). The application of LCA methodology 
can be particularly valuable in the optimization of operational parameters 
for WWTPs. By evaluating the full life cycle impacts, LCA can help WWTPs 
meet the requirements outlined in the ISO 14040 standard and inform 
optimal decision-making (Aleisa and Al-Mutiri, 2022). This holistic 
approach ensures that all relevant environmental impacts, such as GHGs 
emissions, energy use, and material inputs and outputs, are quantified and 
compared across different WWTP configurations (Kyung et al., 2015; 
Larrey-Lassalle et al., 2017). Overall, the LCA framework facilitated by 
tools like OpenLCA enables a thorough and systematic evaluation of the 
environmental performance of complex systems like WWTPs. This 
information can then be leveraged to drive continuous improvement and 
more sustainable outcomes. 

Research in the wastewater sector using the LCA approach is limited 
worldwide; in the Middle East, it is minimal, and in Jordan, for example, 
LCA is not a legal requirement in EIA. Many countries, especially in the 
Middle East, may need more funding, technical capabilities, and access to 
accurate data, which can hinder the adoption. The Research will contribute 
to increasing the global adoption of the LCA approach in WWTP projects, 
including those in the Middle East, raising the bar for sustainability in 
environmental  assessment  procedures  and  directing improvements and  

ideas for ecological management. However, despite the significant 
influence LCA can have on decision-making related to sustainable 
development goals (SDGs) and environmental conservation, the 
application of LCA to full-scale WWTPs operational and design 
alternatives remains limited. WWTPs can be designed based on a variety 
of social, economic, and technical factors, and these design choices can 
greatly impact the potential strategies for performance improvement. This 
research presents a case study from Jordan to serve as a model for 
environmental impact studies that employ the life cycle approach for other 
WWTPs and how to quantify and analyse the contribution. The goal of this 
study was to conduct an LCA using the OpenLCA software for Al-Samra 
WWTP's as a case study by finding potential environmental impacts. 
Finding Al-Samra WWTP's potential environmental impacts utilizing LCA 
for the operational phase can provide a baseline reference for the Samra 
Plant's ecological performance to make it possible to compare it later with 
any potential environmental benefits or drawbacks during the operational 
and demolition phases.   

2.   MATERIALS AND METHODS 

2.1    The Case-Study WWTP 

One of Jordan’s largest wastewater treatment facilities in terms of size is 
the Al-Samra WWTP, so it selection as a case study and its utilization of 
cutting-edge technology to guarantee the most excellent purification rates 
(Jabr et al., 2019). Al-Samra WWTP is in Jordan, inside the Al Hashimiya 
area in the governorate of Al-Zarqa, thirteen kilometers north of Zarqa and 
thirty-six kilometers, roughly to the Capital of Jordan, Amman. AL-Samra 
WWTP is designed to treat domestic wastewater discharged from the 
Zarqa river basin, including the three most populous cities in the nation: 
Amman, Russeifa, and Zarqa. Additionally, the facility generates treated 
water that can be used for irrigation, essential for sustaining agricultural 
activity in the area (Abu-Shams and Rabadi, 2003). Figure 1 illustrates the 
study area's location. 

 

Figure 1: Study Area's Location, Source: Google Earth, (6/5/2023).

The building of the Al-Samra plant was completed in 2008. Al-Samra 
WWTP is a public-private partnership (PPP) that uses the build-operate-
transfer (BOT) approach to finance the construction and upkeep of a 
public project. It is essential to Jordan's social, environmental, and 
economic growth because it is the country's first BOT project (Abu-Shams 
and Rabadi, 2003). Under the same BOT concept as in 2010, the Al-Samra 
plant's capacity will be enhanced by approximately 40% to accommodate 
growing wastewater flows predicted in the Amman and Zarqa areas for 
the horizon of 2025. Now, the project involves expanding the Al-Samra 
WWTP, which will be based on the same process. This will involve building 
the operations and adding structures and machinery that the plant now 
utilizes (Hanjra et al., 2015).   

2.2   Goal and Scope Definition 

The first stage of the LCA analysis establishes the goal and scope of the 
assessment. LCA was implemented to find the potential environmental 

impacts of the Al-Samra WWTP operational phase based on the data for 
the years 2021 and 2022. About the scope, Samra WWTP was divided into 
three subsystems as follows: Sub1, "preliminary and primary treatment  ",

Sub2, "secondary and tertiary treatment," and Sub3, "sludge treatment". 

2.3   Functional Unit (FU)  

The FU gives a reference point from which the process inputs and outputs 
can be standardized (Zhu et al., 2013). The FU here is the flow rate. At the 
WWTP inflow point, it is defined as one cubic meter of wastewater. 

2.4    System Boundary  

The defining of the system border plays a vital role in determining which 
processes will be included in the system or excluded from it. Gate-to-Grave 
approach was adopted. Figure 2 shows the system boundary designed to 
apply the LCA Study for Al-Samra WWTP, considering the subsystems.  
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Figure 2: System boundary for Al-Samra WWTP. 

2.5    Life Cycle Inventory (LCI)  

This step involves gathering and defining a system's inputs and outputs. 
An inventory analysis analyzes the energy and resources used and the 
environmental emissions related to every process in the system (Guinée 

et al., 2011). The inventory data for Samra WWTP for 2021 and 2022 
inputs was collected primarily from MWI and Samra WWTP reports. In 
addition, the possible outputs were taken from OpenLCA software 
databases. The primary resources used in a WWTP process are shown in 
Table 1.  

Table 1: Primary resources used in Al-Samra WWTP process. 

Subsystem 1 (Preliminary / Primary Treatment) 

Parameters Units 2021 2022 

Electricity Production from Turbines Kwh/year 47,275,890 47,833,710 

Diesel Consumption Litre/year 25764.75 11107.25 

Flowrate m3/year 125,473,130 134,173,270 

Raw Wastewater Analysis 

Biological Oxygen Demand (BOD5) Kg/m3 0.56563 0.55749 

Chemical Oxygen demand (COD) Kg/m3 1.08217 1.07727 

Sulfur (S-2  ) Kg/m3 0.00282 0.00286 

Total Kjeldahl Nitrogen (TKN) Kg/m3 0.10154 0.10116 

Ammonium (N-NH4) Kg/m3 0.06413 0.062 

Total Suspended Solid (TSS) Kg/m3 0.49452 0.52925 

Dissolved Phosphate (P-PO4) Kg/m3 0.00726 0.00765 

Total Phosphate (P-PO4) Kg/m3 0.01159 0.01176 

Oil & Grease Kg/m3 0.03851 0.03471 

Subsystem 2 (Secondary and Tertiary Treatment) 

Electricity Consumption Kwh/year 77,458,499 77,697,045 

Flowrate m3/year 15,931,155 16,744,010 

Biological Oxygen Demand (BOD5) Kg/m3 0.376 0.354 

Chemical Oxygen demand (COD) Kg/m3 0.65 0.624 

Total Kjeldahl Nitrogen (TKN) Kg/m3 0.087 0.086 

Ammonium (N-NH4) Kg/m3 0.065 0.063 

Total Suspended Solid (TSS) Kg/m3 0.172 0.180 

Dissolved Phosphate (P-PO4) Kg/m3 0.00704 0.00698 

Total Phosphate (P-PO4) Kg/m3 0.00538 0.00486 

Oil & Grease Kg/m3 0.00700 0.00700 

Sulfur (S-2  ) Kg/m3 0.00260 0.00264 

Chemicals 

Liquid Chlorine kg/year 802184 881850 

Pure Oxygen kg/year 2107431.556 2184190.704 

Nitrogen kg/year 419339.9264 444936.9954 

Subsystem 3 (Sludge Treatment, FBP) 

Heat & Power biogas, gas boiler Kwh/year 1,350,259 379,762 

Inlet Flow m3/year 21,330,600 21,598,145 

Inlet Load Kg/year 53,563,750 59,645,015 

Chemicals 

Polymers Kg/year 802,184 881,850 
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2.6    Life Cycle Impact Assessment (LCIA)  

The third stage of an LCA is the life cycle impact assessment (LCIA). To 
better comprehend the extent and significance of the outcome, elementary 
flows from the LCI study are transformed here into their possible impact 
on the environment. Category impact, classification, and characterization 
are required phases in an LCIA, according to the ISO 14040 series. Several 
methods, including CML 2001, cumulative energy demand, Eco indicator 
99, ecological footprint, ecological scarcity 1997 and 2006, ecosystem 
damage potential (EDP), EPS 2000, IMP ACT 2002+, IPCC 2001, Recipe 
midpoint and endpoint approach, TRACI, and USEtox, have been 
developed by environmental research centres to calculate the results of 
impact assessments.  

2.7   Recipe 2016 Midpoint Method  

Recipe 2016 Midpoint is the impact assessment method used in this 
research per the objective to find the potential environmental impact 
according to the inventory data for Al-Samra WWTP in years 2021 and 
2022, such as global warming, ionizing radiation, land use, ozone 
formation-human health, ozone formation-terrestrial ecosystems, and 
stratospheric ozone depletion, fine particulate matter formation, fossil 
resource scarcity, mineral resource scarcity, terrestrial acidification, and 
water consumption. For carrying out life cycle evaluations and applying 
the Recipe method, openLCA 2.0 is a popular software program. 

2.8    OpenLCA 2.0.0 Modelling Tool  

The tool used in this research is OpenLCA 2.0.0 software with the Recipe 
2016 midpoint (H) method that aimed to understand the potential 
environmental effects of the Al-Samra WWTP process in 2021 and 2022. 
OpenLCA is free software for LCA and sustainability evaluation. Since 
2006, Green Delta has been working on its development (Ciroth, 2007). It 
is free to use and requires no license because it is open-source software. 

The software is excellent for use with sensitive data due to its open-source 
nature. The software has the following components: product systems are 
networks of processes, product systems are compared in projects; 

processes are a set of interconnected activities that convert inputs into 
outputs; flows are the movement of goods, materials, or energy 
throughout a product system's many processes; the indicators and 
parameters are LCIA techniques for environmental impact assessment. 
Global parameters apply to the entire database and social LCA indicators. 
The background information includes flow characteristics, unit types, 
currencies, sources, actors, and locations (Ciroth, 2007). 

2.9   Interpretation 

Interpretation presents inferences from the data, such as the critical effect 
causes and potential mitigation strategies (Ahmed, 2011). Inventory 
analysis outcomes are assessed. The last step in the LCA approach checks 
sensitivity analysis; it is possible to evaluate the effect of uncertainty on 
the outcomes of an LCA by utilizing Monte Carlo simulation in OpenLCA. It 
considers the uncertainty distributions defined in the parameters, fluxes, 
and characterization factors. The simulation, by selecting values at 
random from the specified uncertainty distributions based on the sampled 
distributions, produces several LCA computation iterations, each with a 
different set of input values. 

3.   RESULTS 

3.1    Impact Analysis Results of Al-Samra WWTP  

The ecological implications of the processes are measured during the 
impact analysis phase. Typically, this phase involves classification and 
characterization steps. In the classification step, the environmental effects 
are divided into groups according to their impact, such as water 
consumption, climate change, human toxicity, etc. The consequences are 
categorized according to their type and possible environmental effects. 
During the characterization step of each impact category, the 
environmental impacts are measured and expressed in a standard unit in 
this stage. This makes it simpler to compare and aggregate the effects 
across several categories. According to data inventory in 2021 and 2022, 
Samra WWTP impact assessment results for subsystems based on the 
Recipe 2016 midpoint, which finds the potential environmental impact 
according to 11 categories as presented in Tables 2 and 3 below. 

Table 2: Impact analysis results using recipe 2016 midpoint during the year 2021. 

Impact categories  Unit Sub 1  Sub 2  Sub 3  
Fine particulate matter formation Billion kg PM2.5 eq 3.16 1.77 1.41 

Fossil resource scarcity Billion kg oil eq 3.02 1.69 1.35 

Global warming Quintillion kg CO2 eq 2.87 1.61 2.56 

Ionizing radiation Trillion kBq Co-60 eq 3.16 1.77 2.80 

Land use Trillion m2a crop eq 741 415 655 

Mineral resource scarcity Trillion kg Cu eq 219 123 97.7 

Ozone formation, Human health Billion kg NOx eq 12.6 13.4 5.63 

Ozone formation, Terrestrial ecosystems Billion kg NOx eq 16.4 19.5 7.32 

Stratospheric ozone depletion Trillion kg CFC11 eq 147 82.4 131 

Terrestrial acidification Billion kg SO2 eq 10.4 5.80 4.62 

Water consumption Trillion m3 763 427 340 

As shown in Table 2, in 2021 subsystem 1 had the most significant impact 
in each of the following categories: fine particulate matter formation, fossil 
resource scarcity, global warming, ionizing radiation, land use, mineral 
resource scarcity, stratospheric ozone depletion, terrestrial acidification, 
and water consumption this is due to the primary treatment stage aims to 
remove suspended solids from the wastewater, and these solids can 
include organic matter, debris, and other pollutants also the diesel 
consumption to operate pumps and other equipment used in subsystem 1 
led to a higher environmental impact where the primary stage requires the 

use of natural resources more than other stages in WWTP, such as water, 
land, and raw materials. Exploiting these resources unsustainably may 
lead to potential environmental impact and increased greenhouse gas 
emissions. Also, Table 2 shows that subsystem 2 significantly impacts the 
category’s ozone formation- human health and ozone formation-
terrestrial ecosystems. It can come back to using some chemicals and 
electricity in subsystem 2, which can contribute to air pollution and 
negative impacts on health. 

 

Table 3: Impact analysis results using recipe 2016 midpoint during the year 2022. 

Impact categories  Unit Sub 1  Sub 2  Sub 3 

Fine particulate matter formation Billion kg PM2.5 eq 3.33 1.79 1.51 

Fossil resource scarcity Billion kg oil eq 3.18 1.71 1.44 

Global warming Quintillion kg CO2 eq 3.03 1.63 1.37 

Ionizing radiation Trillion kBq Co-60 eq 3.33 1.79 1.51 

Land use Billion m2a crop eq 781 420 354 

Mineral resource scarcity Trillion kg Cu eq 231 124 105 

Ozone formation, Human health Billion kg NOx eq 17.2 7.14 6.05 

Ozone formation, Terrestrial ecosystems Billion kg NOx eq 23.6 9.28 7.87 

Stratospheric ozone depletion Trillion kg CFC11 eq 155 83.3 70.2 

Terrestrial acidification Billion kg SO2 eq 10.9 5.88 4.95 

Water consumption Trillion m3 8.03 4.32 3.64 
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As shown in Table 3, in the year 2022, subsystem 1 has the most significant 
impact on all categories due to the flow rate in the year 2022 entering the 
Al-Samra WWTP being higher than the flowrate in the year 2021, and this 
led to the use of natural resources than other stages in WWTP, such as 
water, land, and raw materials. Exploiting these resources unsustainably 
may lead to potential environmental impact and increased greenhouse gas 

emissions. 

Figure 3 shows the results for potential environmental impact according 
to data gathering in 2021. The maximum result sub1 and sub2 for each 
indicator is set to 100%, and the outcomes of the remaining options are 
presented in proportion to this result. 

 

Figure 3: Relative indicator findings for database 2021. 

The results for potential environmental impact according to data 
gathering in 2022. The maximum result sub1 for each indicator is set to 

100%, and the outcomes of the remaining options are presented in 
proportion to this result shown in Figure 4. 

 

Figure 4: Relative indicator findings for database 2022. 

Further analysis showed that in 2021 Al-Samra WWTP had the most 
significant impact assessment results when compared to the year 2022. Al-
Samra WWTP in 2021 had the most impact in categories of global 
warming, ionizing radiation, land use, ozone formation-human health, 
ozone formation-terrestrial ecosystems, and stratospheric ozone 

depletion as shown in Table 4. In addition, Al- Samra WWTP in 2022 had 
the highest impact assessment results compared to 2021 in other 
categories like fine particulate matter formation, fossil resource scarcity, 
mineral resource scarcity, terrestrial acidification, and water consumption 
as shown in Table 4. 

Table 4: Impact analysis comparison. 

Impact Categories Unit 
Impact 

Results 2021 

Impact Results 
2022 

Max 

Impact Year Value 

Max 

Year Impact 

Fine particulate matter formation Billion kg PM2.5 eq 6.34 6.63 6.63 2022 

Fossil resource scarcity Billion kg oil eq 6.06 6.33 6.33 2022 

Global warming Quintillion kg CO2 eq 7.04 6.03 7.04 2021 

Ionizing radiation Trillion KBq Co-60 eq 7.730 6.630 7.730 2021 

Land use Trillion m2a crop eq 1.811 1.555 1.811 2021 

Mineral resource scarcity Million Mt Cu eq 4.39 4.60 4.60 2022 

Ozone formation, Human health Billion kg NOx eq 31.63 30.39 31.63 2021 

Ozone formation, Terrestrial ecosystems Billion kg NOx eq 43.22 40.75 43.22 2021 

Stratospheric ozone depletion Trillion CFC11 eq 360.40 308.50 360.40 2021 

Terrestrial acidification Billion kg SO2 eq 20.82 21.73 21.73 2022 

Water consumption Trillion m³ 1.530 1.599 1.599 2022 
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3.2    Top Contributors to Impact Categories  

In the impact assessment step in the life cycle. Finding hotspots is essential 
to comprehending the main places that might be improved to lessen 
environmental effects. This section comprehensively analyses the main 
contributors affecting Al-Samra WWTP in 2021 and 2022, as shown in 
Figure 5 to Figure 10.  

 

 

Figure 5: Top contributors process in subsystem1, 2021. 

 

Figure 6: Top contributors process in subsystem 2, 2021. 

 

Figure 7: Top contributors process in subsystem 3, 2021. 

 

Figure 8: Top contributors process in subsystem1, 2022. 

 

Figure 9: Top contributors process in subsystem 2, 2022. 

 

Figure 10: Top contributors process in subsystem 3, 2022. 

According to Figures (5-10), the main contributors in subsystems during 
the 2021 and 2022 data inventory are as follows: Subsystem (1): Inflow 
WW Capacity, Subsystem (2): Electricity Consumption, and Subsystem (3): 
Inlet Load. 

Increased energy use, chemical use, and sludge production are 
consequences of high inlet loads for WWTPs, and they all adversely affect 
the environment. As their content increases, more energy and resources 
are needed to remove pollutants and organic materials from the incoming 
load. Also, many operations, such as sludge treatment, mixing, aeration, 
and pumping, require electricity. There may be varying environmental 
effects depending on whether the energy used to generate electricity 
comes from renewable or fossil fuels. 

The rate at which wastewater enters the treatment facility impacts 
efficiency and energy usage. Increased energy use for pumping and 
aeration procedures at higher flow rates results in higher electricity 
consumption. Moreover, excessive flow rates can overwhelm the 
treatment systems, decreasing efficiency and posing environmental 
contamination risks.  

4.   CONCLUSIONS AND RECOMMENDATIONS  

In conclusion, this research has achieved its goal of conducting LCA on Al-
Samra WWTP located in Jordan for the operational phase through the 
years 2021 and 2022 and solved the challenge of measuring impacts by 
quantifying its potential environmental effects using the OpenLCA 
software tool and the Recipe 2016 midpoint H method. 

Impact analysis results showed that the Al-Samra WWTP in 2021 had the 
most significant impact assessment results when compared to the year 
2022 in categories of global warming, ionizing radiation, land use, ozone 
formation-human health, ozone formation-terrestrial ecosystems, and 
stratospheric ozone depletion. In addition, Al-Samra WWTP in 2022 had 
the highest impact assessment results compared to 2021 in other 
categories like fine particulate matter formation, fossil resource scarcity, 
mineral resource scarcity, terrestrial acidification, and water 
consumption. 

Among the primary flows, the inlet flow (m3/year), electricity 
consumption (kwh/year), and inlet load (kg/year) are the main 
contributors to environmental impact for the Al-Samra operational phase 
in the years 2021 and 2022. 

In summary, this research offers insightful information into the potential 
environmental impact of Al-Samra WWTP in Jordan. The findings highlight 
the necessity of conducting an environmental assessment using the life 
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cycle to comprehend the environmental impact and develop additional 
strategies to adapt or mitigate their environmental impact in sustainable 
ways. 

RECOMMENDATIONS 

The following recommendations highlight essential factors to consider for 
ensuring comprehensive LCA, supporting informed decision-making, and 
implementing sustainable management practices for WWTP. These 
recommendations are based on the detailed analysis carried out in this 
research. Following are a few recommendations for future works based on 
the current research: 

• It is highly recommended to conduct an environmental impact 
assessment using the life cycle for WWTPs during the following phases: 
construction, operation, and demolition, but the need to focus on stages 
of the system boundary selected for the study and the LCI gathered 
because the correctness of the results utilizing LCA depends on them.  

• LCA is an iterative process. Use the results from the LCA to drive 
sustainable changes and put a mitigation plan. LCA is not legally 
required in most countries like EIA studies, but we find that LCA results 
can aid compliance with environmental norms and regulations. 
Stakeholder participation is also encouraged at every stage of the life 
cycle.  

• Conducting an energy audit in the WWTP to locate potential savings 
opportunities and considering renewable energy sources like solar to 
minimize the plant's ecological footprint. 

• Increase the use of treated wastewater inside WWTP for non-potable 
purposes like the irrigation of fields, recreational areas, and green 
spaces. Implement a comprehensive water reuse program to lessen the 
demand for freshwater resources and ease the strain on water supplies. 

• Additional research may yield valuable perspectives regarding the 
possible benefits of centralized and decentralized systems concerning 
energy usage, emissions, and resource retrieval. 

• The LCA approach does not always consider human behaviours, and 
there are numerous methods to slice data and information to achieve 
the intended result; we still need to improve it and further research.  

• Further, based on the results of this research.  Add social and economic 
aspects to the WWTP LCA framework. This may entail evaluating 
various technologies and operational approaches for societal 
acceptability, economic viability, and cost-effectiveness. 
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