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Abstract 
  
A life cycle assessment (LCA) was applied in a recent project of upgrading Tazmant wastewater treatment plant in 
Egypt from secondary to tertiary treatment, taking into the consideration construction phase of the project as well as 
operation phase of the tertiary treatment. The LCA studies were carried out using CML 2001 impact assessment 
methodology. It was revealed that the upgrading of Tazmant wastewater treatment plant reduces the environmental 
impact by 43% from the acidification potential, 60% from the eutrophication potential, 62.5% the ozone layer 
depletion potential, 42% of abiotic depletion elements point, and 62.5% of photochemical ozone creation potential 
viewpoints. In addition, the effect of toxicity potential resulting from the operation of tertiary treatment alone amounts 
to only 20% of that resulting from secondary treatment, which reflects the positive environmental impact of 
wastewater recycling in addition to the water-saving gained from water reuse. 
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1. Introduction 
 
Increasing urbanization has resulted in an uneven 
distribution of population, industries, and water in 
urban areas, which led to imposing unprecedented 
pressures on the limited water and energy resources 
supplies as well as the safe disposal of domestic 
wastewater. 

Wastewater treatment technologies contribute to 
protecting the environment and human health. Despite 
the environmental costs associated with domestic 
wastewater treatment, it is becoming difficult to ignore 
the increased impact of both domestic wastewater and 
the treatment technology on human health and the 
environment, where, the poor manner in which 
domestic wastewater is being treated is leading to the 
spread of many diseases around the world. Moreover, 
the direct and indirect emissions from wastewater 
treatment and the used technology are also playing a 
significant role in climate change (da Silva and Gouveia, 
2020). 

Environmental pollution from wastewater disposal 
is a concern in many countries around the world. Both 
developed and non-developed countries face serious 
household wastewater pollution problems affecting 
water bodies, groundwater and the environment. These 
technologies had a negative impact on the environment 
as the environmental burden associated with their use 
increased rapidly.  
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On the other hand, countries in the Middle East suffer 
from water shortages (Al-Ansari, 1998; Rogers and 
Lydon, 1994; Biswas, 1994) and at least 12 Arab 
countries have acute water scarcity problems with less 
than 500 m3 of renewable water resources per capita 
available (Cherfane and Kim, 2012; Barr et al., 2012). 
The supply of fresh potable water is vital to life, 
socioeconomic development, and political stability in 
the region. Scarcity of water resources in this region 
represents an extremely important factor in the stability 
and economic development within the region (Al-
Ansari, 1998; Naff, 1993). The largest consumer of 
water in the Middle East is agriculture which accounts 
for 66% of demand (Hiniker, 1999). Therefore, the 
water shortage problem cannot be objectively analyzed 
nor adequately addressed without a thorough 
consideration of agriculture in the region (Sadik and 
Barghouti, 1994; Alanbari et al., 2014). 

The use of treated wastewater with a high level of 
quality that, nowadays, are discharged to the 
environment after their treatment in municipal sewage 
plants, needs special attention as a new water resource. 
However, water reuse should not be viewed as simply 
as reclamation and reuse of wastewater effluents (Ortiz 
et al., 2007). Recently, this issue comes in Egypt at the 
top of the priorities that cause concern at the 
governmental and public levels, where the technologies 
used to treat domestic wastewater need continuous 
updating to reuse treated wastewater. This is known as 
the tertiary treatment of wastewater so that this is done 
at the least feasible costs of construction and operation 
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(Diab, 2017; Gallego-Schmid and Tarpani, 2019; Awad 
et al., 2019; da Silva and Gouveia, 2020).  

Disposal of domestic wastewater without sufficient 
treatment is increasingly concerned in developing 
countries. The improper design and operating of 
wastewater treatment plants (WWTPs) may cause 
severe environmental problems on local and global 
scales (Sabeen et al., 2018; Xiong et al., 2018a). 
Moreover, many developing countries are not served by 
wastewater treatment plants. Primitive methods are 
still used to mitigate the direct impacts of untreated 
wastewater on human health, but many environmental 
and health impacts are unbeatable. Besides, most 
wastewater treatment plants in developing countries 
only include primary (physical treatment) and 
secondary (biological treatment) stages without 
tertiary treatment or advanced sludge processing. 
Decisions about wastewater projects in developing 
countries are primarily influenced by direct capital and 
operating costs as long as the design is meeting the local 
standards, while life cycle cost and life cycle 
environmental impacts are rarely considered (Awad et 
al., 2019).  

To identify and evaluate the environmental impacts 
of products or activities, a systematic and objective tool 
or method, including all stages of its lifecycle and all 
possible impacts, is needed. Life Cycle Assessment 
(LCA) was initially developed for manufactured 
products or materials, but the conceptual approach has 
been adapted to assess the environmental effects of 
processes such as wastewater treatment (Bravo and 
Ferrer, 2011; Büyükkamacı and Karaca, 2017). Within 
the field of wastewater treatment, LCA was first applied 
in the 1990s (Corominas et al., 2013). LCA allows for a 
better evaluation of wastewater treatment technologies 
in many different approaches. Owing to its holistic 
approach, LCA is becoming an increasingly significant 
decision-making tool in environmental management 
and it is used as a decision support tool to determine the 
most appropriate wastewater management strategy. 
LCA studies on wastewater treatment and reuse 
applications abound (Bravo and Ferrer, 2011; Alyaseri, 
2016; Blanco et al., 2016; Opher & Friedler, 2016; 
Büyükkamacı and Karaca, 2017; Garfí et al., 2017 Lazic 
et al., 2017; Raghuvanshi et al., 2017). 

LCA is structured into four phases: goal and scope 
definition, inventory of data, environmental impact 
assessment and interpretation of the results. The 
International Standards Organization (ISO) has drafted 
a series of regulations that explain how to perform an 
LCA (UNE-EN ISO 14040 2006a and UNE-EN ISO 14044 
2006b), which were followed to perform this study. The 
aim of this study is to evaluate the environmental 
performance of an upgraded wastewater treatment 
plant (WWTP) in Egypt from secondary to tertiary 
treatment with the aim of reusing treated wastewater, 
in order to identify processes that cause significant 
environmental impacts. 

2. Methodology 
 
2.1. Study area description 
 
The case studied in this paper is a wastewater treatment 
and reuse project implemented in Tazmant City, Bani-
Sweif Governorate, in Egypt, as demonstrated in Figure 
(1). The project was implemented in two stages: the first 
is a secondary wastewater treatment unit has operated 
since 2003 with a capacity of 62500 m3/d, while the 
second stage is a tertiary treatment unit with the same 
capacity, which began to supply recycled water to, 
surrounding urban area in 2019 for agricultural reuse.  
 

 
(a) 

 
(b) 

 
(c) 

 

Fig.1 Tazmant WWTP in (a) an aerial photo adapted 
from Google Earth, February 2020, (b) a general layout, 

(c) a flow chart 
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The preliminary treatment begins with the entry of raw 
wastewater into the screens and the grit removal 
chamber. Subsequently, wastewater flows to the 
primary sedimentation tanks followed by oxidation 
ditches (activated sludge system) and final 
sedimentation tanks to be secondary treated. The 
secondary treated wastewater enters to membrane 
filters followed by chlorination tank for disinfection to 
be tertiary treated for reuse (Metcalf and Eddy, 2003).
 Results of the wastewater characteristics of Tazmant 
WWTP were collected in the steady-state during the 
period from October 2019 to January 2020 as appeared 
in Table (1) for the wastewater characteristics. These 
data were statistically analyzed to acquire the mean 
values and standard deviations for each parameter 
during the data collection period. All analyses were 
conducted according to Standard Methods for the 
Examination of Water and Wastewater (Rice et al., 
2012). 
 

Table 1 The wastewater characteristics of Tazmant 
WWTP 
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pH 7.1± 0.2 7.3 ± 0.2 7.3 ± 0.2 6-9 
Temperature (º C) 26.5 ± 3 26.6 ± 3 26.6 ± 3 35 

BOD5 (mg/L) 237 ± 
32 

18.53 ± 4.5 20 ± 1 20 

COD (mg/L) 433.15 
± 62 

71.92 ± 12 40 ± 2 40 

TSS (mg/L) 289.9 ± 
45 

19.4 ± 2.6 10 ± 0.5 20 

NO3 (mg/L) - 0.975 ± 0.1 - 10 

PO4 (mg/L) - 4.29 ± 0.8 - - 
Oil and grease 

(mg/L) 
22.85 ± 

5.2 0.55 ± 0.1 - 4 

Notes: * Adapted from AbuZeid and Elrawady (2014) 

 
2.2. LCA approach (Framework for LCA analysis) 
 
In this study, the LCA studies were carried out using 
OpenLCA 1.10.1 Software. It has been developed by 
GreenDelta Company since 2006.  The CML 2001 
(Institute of Environmental Sciences, Leiden University) 
impact assessment method was selected to assess the 
environmental impacts. The required data for the 
software was obtained from the literature and Eco-
invent database, which are integrated into the OpenLCA 
1.10.1 software. Seven environmental impact categories 
were taken into consideration: Global Warming 
Potential (GWP), Acidification Potential (AP), 
Eutrophication Potential (EP), Ozone Layer Depletion 
Potential (ODP), Toxicity Potential (TP), Abiotic 
Depletion Potential (ADP), and Photochemical Ozone 
Creation Potential (POCP).  

OpenLCA 1.10.1 software run on according to 
created flow diagram and introduced inputs and 
outputs. The inputs of this study are mainly treated 
wastewater and energy. Treated wastewater quality 
shown in Table (1) varies depending on the several 

factors, such as influent wastewater properties, 
treatment processes used and operational conditions. 
The LCA phases are structured in openLCA 1.10.1 
Software in accordance with ISO14040 and ISO14044 
LCA standards. Figure (2) represents the four stages 
under the ISO 14040 guidelines (Finkbeiner et al., 2006; 
Negelah, 2008; Alanbari et al., 2014; Büyükkamacı and 
Karaca, 2017). 

 

 
 

Fig.2 LCA framework adapted from ISO 14040 
(Finkbeiner et al., 2006) 

 
2.2.1. Goal and scope definition 
Goal and scope definition is to define how big a part of 
the product or the process life cycle will be taken in 
assessment and to what end will the assessment be 
serving. The criteria serving to system comparison and 
specific times are described in this step (PRé 
Consultants, 2010; Krishna et al., 2017). 
 
2.2.2. Inventory analysis (Inventory of data) 
 
In this step, inventory analysis provides a description of 
material and energy flows within the product system 
and particularly its interaction with the environment, 
consumed raw materials, and emissions to the 
environment (PRé Consultants, 2010; Krishna et al., 
2017). The data for a process must be collected in a 
form, so-called normalizing the process as shown in 
Figure (3). 

 

 
 

Fig.3 Inventory analysis of Tazmant WWTP 
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2.2.3. Impact assessment (Environmental impact 
assessment) 
 
There exist a wide variety of impact assessment 
methods available in OpenLCA 1.10.1 Software. In this 
study, The CML 2001 method was used to determine the 
environmental impacts of Tazmant WWTP, so that the 
upgrading of the treatment plant from secondary to 
tertiary treatment is evaluated taking into 
consideration the construction work done to upgrade 
the plant by adding membrane filters and accessories. 
Moreover, the function unit was selected to be 1 m3 after 
secondary as well as tertiary treatment. 
 
2.2.4. Interpretation (Interpretation of the results)  
 
Interpretation of a life cycle comprises critical review, 
determination of data sensitivity, and result 
clarification.  
 
3. Results and discussion 
 
The following results are discussed depending on each 
environmental impact categories. The cases of LCA in 
the following charts are the treated wastewater after 
secondary (biological) treatment, the treated 
wastewater after tertiary treatment (membrane 
filtration), and the construction work required for 
upgrading Tazmant WWTP from secondary to tertiary 
treatment. 
 
3.1. Global warming potential 
 
The global warming potential (GWP) impacts are 
directly related to the electricity consumption for 
operating the WWTPs. There is a linear relationship 
between global warming potential and the consumption 
of purchased electricity (especially fossil-based 
electricity) for WWTPs operation. This is mostly 
recognized to the dominating CO2 emissions during 
electricity production.  
 

 
 

Fig.4 Global warming potential impact category from 
each case 

 
Thus, the results of this type of GWP are generally in 
parallel with the usage of electricity (Zang et al., 2015). 
It is clear from the Figure (4) that the upgrading of 

Tazmant WWTP from secondary to tertiary treatment 
has additional effect on GWP at a slight rate of 12.5% in 
terms of operation and 11.25% in terms of construction 
needed to upgrade the WWTP. This is mainly due to the 
higher energy requirements of the membrane systems 
for both operations and especially the cleaning phase 
(Büyükkamacı and Karaca, 2017; Chang et al., 2017). 
 
3.2. Acidification potential 
 
Acidification has local effects on the environment and it 
is usually associated with atmospheric contamination. 
Acidification potential (AP) refers to an increase of the 
hydrogen ion concentration in aquatic commonly 
caused by the emissions of sulfur dioxide (SO2), 
ammonia (NH3), and nitrogen oxides (NOx) (Pennington 
et al., 2004; Goedkoop et al. 2009; Zang et al., 2015; 
Büyükkamacı and Karaca, 2017). It can be noticed from 
Figure (5) that the tertiary treatment is better than the 
secondary treatment from the acidification potential 
point of view, whether in terms of operation or 
construction required to upgrade Tazmant WWTP. 
Combination of construction and operation of the 
tertiary treatment result 0.057 Kg SO2- Equ/m3 i.e. 
about 57% of the acidification potential impact of the 
secondary treatment of wastewater. Therefore, 
upgrading of Tazmant WWTP from secondary to 
tertiary treatment reduces the environmental impact by 
43% from the AP point of view.   

 
 

Fig.5 Acidification potential impact category from each 
case 

 
3.3. Eutrophication potential 
 
Eutrophication potential (EP) due to the residual 
nutrients in the effluent has been considered the most 
relevant environmental issue when performing the 
environmental evaluation of WWTPs. It is reported that 
the EP impact category of a WWTP is mostly associated 
with the emissions to water, mainly due to the 
phosphorus (P), nitrogen (N) and to a lower extent, 
degradable organics in wastewater effluent (Zang et al., 
2015; Büyükkamacı and Karaca, 2017). Thus, the 
eutrophication potential impact can be decreased 
immediately by implementing more sophisticated 
technology to enhance nutrient removal efficiency 
(Zang et al., 2015). Figure (6) represents the 
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eutrophication potential of the secondary treatment, 
tertiary treatment in operation as well as construction 
stage. Even with the combination of the effects of 
operation and construction stage in the tertiary 
treatment, it is noted that its superiority over the 
secondary treatment of wastewater from the 
eutrophication potential point of view. Hence, a 
reduction to about 60% of EP Kg PO4-Equ/m3 can be 
achieved by upgrading Tazmant WWTP from secondary 
to tertiary treatment.     
  

 
Fig.6 Eutrophication potential impact category from 

each case 
 
3.4. Ozone layer depletion potential 
 
The ozone layer depletion (ODPs) is caused by the 
emission of gases that reduce the ozone layer and 
depleting substances, such as chlorofluorocarbons and 
bromo-fluorocarbons, in the stratospheric ozone layer 
(Itsubo and Inaba 2012). ODPs of the secondary 
treatment, tertiary treatment in operation as well as 
construction stage are outlined in Figure (7). It can be 
noticed that the tertiary treatment of wastewater is 
lower impact than the secondary treatment from the 
ODPs point of view by 62.5% of ODPs Kg R11-Equ/m3. 
This result includes the operation and construction 
phase together for tertiary treatment in Tazmant 
WWTP. 

 
Fig.7 Ozone layer depletion potential impact category 

from each case 
 
3.5. Toxicity potential 
 
Toxicity can affect humans, and the environment, such 
as water, soil. This topic is significant for WWTPs to 

determine important toxic substances in effluent and 
thus adopt effective treatment alternatives. For the 
present study, toxicity potential (TP) was calculated for 
Tazmant WWTP for the secondary and tertiary 
treatment. The results of toxicity potentials are given in 
Figure (8). 

From Figure (8), it is noticed that the effect of 
toxicity potential resulting from the construction stage 
of the tertiary treatment alone is close to that resulting 
from the operation of the secondary treatment (about 
83% of TP Kg DCB-Equ/m3) in Tazmant WWTP. This 
indicates the negative environmental impact of the use 
of conventional building materials (e.g. cement, brick, 
etc.) on the environment in general. In spite of this, the 
effect of toxicity potential resulting from the operation 
of tertiary treatment alone amounts to only 20% TP Kg 
DCB-Equ/m3 of that resulting from secondary 
treatment, which reflects the positive environmental 
impact of wastewater recycling. 

 
Fig.8 Toxicity potential impact category from each case  
 
3.6. Abiotic depletion elements 
 
Depletion of the abiotic resource is the reduced 
availability of the total reserve for the potential 
resource functions (Van Oers et al. 2002). Abiotic 
resource depletion is grouped as depletion of elements 
and depletion of fossil fuels.  
 

 
Fig.9 Abiotic depletion elements impact category from 

each case 
 

As shown in Figure (9), the highest abiotic depletion 
elements effect in Tazmant WWTP was 1.2×10-6 kg Sb-
Equ / m3 from the secondary treatment. While the effect 
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of the tertiary treatment in the construction and 
operation stage was 4×10-7 kg Sb-Equ / m3 and 3×10-7 
kg Sb-Equ / m3, respectively. Furthermore, the 
combination of tertiary treatment operation and 
construction stage has lower effects compared to the 
secondary treatment only by about 42% of abiotic 
depletion elements point of view. Therefore, the tertiary 
treatment of wastewater is less depletion of abiotic 
resources as well as environmentally friendly.  
 
3.7. Photochemical ozone creation potential 
 
Photochemical ozone creation potential (POCP) has 
been utilized to characterize compounds as indicated by 
their ability to form ozone (Andersson-Sköld and 
Holmberg 2000) and it is ordinarily used in life cycle 
impact assessment to address the impact category 
‘photo-oxidant formation’ and just gives factors for 
particular volatile organic compounds and does not 
consider background concentrations and 
meteorological conditions (Labouze et al. 2004).  

As shown in Figure (10), the highest POCP in 
Tazmant WWTP was 4 gm. Ethene-Equ/m3 from the 
secondary treatment. While the impact of the tertiary 
treatment in the construction and operation stage was 
0.9 gm. Ethene-Equ/m3 and 0.6 gm. Ethene-Equ/m3, 
respectively. Moreover, the combination of tertiary 
treatment operation and construction stage has lower 
effects compared to the secondary treatment just by 
about 62.5% of POCP point of view. In this manner, the 
tertiary treatment of wastewater is less POCP as well as 
environmentally friendly.  

 
Fig.10 Photochemical ozone creation potential impact 

category from each case 
 
Conclusions 
 
Life cycle assessment (LCA) has been widely used to 
determine the most suitable wastewater treatment 
alternatives. The scope of this study is evaluating the 
environmental performance of upgrading Tazmant 
WWTP in Egypt from secondary to tertiary treatment 
with the aim of wastewater recycling, in order to 
identify processes that cause significant environmental 
impacts. LCA depends on the functional unit and the 
system boundaries. Since the functional unit of this 
study is 1 m3 of treated wastewater. In addition, the LCA 

studies were carried out via OpenLCA 1.10.1 software 
and CML 2001 impact assessment methodology to 
assess the environmental impact. 

As a result of the comprehensive LCA analysis of the 
current study, it was revealed that the life cycle 
benefited more from tertiary treated wastewater. 
Furthermore, the tertiary treatment was very beneficial 
to impact categories due to the water-saving gained 
from water reuse. According to this study, the following 
conclusions were obtained: 

The upgrading of Tazmant WWTP has additional 
effect on the global warming potential at a slight rate of 
12.5% in terms of operation and 11.25% in terms of 
construction needed to upgrade the WWTP. This is 
mainly due to the higher energy requirements of the 
membrane systems for both operations and especially 
the cleaning phase. 

The tertiary treatment is better than the secondary 
treatment from the acidification potential point of view, 
whether in terms of operation or construction required 
to upgrade Tazmant WWTP. Combination of 
construction and operation of the tertiary treatment 
result about 57% of the acidification potential impact of 
the secondary treatment of wastewater. Therefore, 
upgrading of Tazmant WWTP from secondary to 
tertiary treatment reduces the environmental impact by 
43% from the acidification potential point of view.   

A reduction to about 60% of the eutrophication 
potential can be achieved by upgrading the Tazmant 
treatment plant from secondary treatment to the third 
stage. Despite the combined effects of the operation and 
construction stage in the tertiary treatment, it is noted 
that its superiority over the secondary treatment of 
wastewater from the eutrophication potential point of 
view. 

The tertiary treatment of wastewater is lower 
impact than the secondary treatment from the ozone 
layer depletion potential point of view by 62.5%. This 
result includes the operation and construction phase 
together for tertiary treatment in Tazmant WWTP. 

The effect of toxicity potential (TP) resulting from 

the construction stage of the tertiary treatment alone is 

close to that resulting from the operation of the 

secondary treatment (about 83% of TP Kg DCB-

Equ/m3) in Tazmant WWTP. This indicates the negative 

environmental impact of the use of conventional 

building materials (e.g. cement, brick, etc.) on the 

environment in general. In spite of this, the effect of 

toxicity potential resulting from the operation of 

tertiary treatment alone amounts to only 20% TP Kg 

DCB-Equ/m3 of that resulting from secondary 

treatment, which reflects the positive environmental 

impact of wastewater recycling. 

The combination of tertiary treatment operation and 

construction stage has lower effects compared to the 

secondary treatment only by about 42% of abiotic 

depletion elements point of view. Therefore, the tertiary 

treatment of wastewater is less depletion of abiotic 

resources as well as environmentally friendly. 
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The combination of tertiary treatment operation and 
construction stage has lower effects compared to the 
secondary treatment just by about 62.5% of 
photochemical ozone creation potential (POCP) point of 
view. In this manner, the tertiary treatment of 
wastewater is less POCP as well as environmentally 
friendly. 
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