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Produced water (PW) is the most significant waste stream generated in the oil and gas industries. The generated
PW has the potential to be a useful water source rather than waste. While a variety of technologies can be used for
the treatment of PW for reuse, biological-based technologies are an effective and sustainable remediation method.
Specifically, microalgae, which are a cost-effective and sustainable process that use nutrients to eliminate organic
pollutants from PW during the bioremediation process. In these treatment processes, microalgae grow in PW free
of charge, eliminate pollutants, and generate clean water that can be recycled and reused. This helps to reduce
CO2 levels in the atmosphere while simultaneously producing biofuels, other useful chemicals, and added-value

products.

produced water oil and gas production BTEX removal biological treatment microalgae

| 1. Introduction

Produced water (PW) is comprised of an enormous amount of industrial wastewater (WW) generated from oil and
gas extraction [, This water naturally occurs within the oil reservoir and is generated during the extraction stage 2.
Approximately 250 million barrels of PW are created every day by oil and gas industries, and more than 40% of
that is released into the environment B, which represents a serious environmental threat. The composition of PW
is determined by the geological age, depth, geochemical composition of the area carrying hydrocarbons, the
chemical composition of crude oil and natural gas in the zone, and the chemicals introduced during the exploratory
process 4. There is no constant volume of PW in oil and gas exploration as it is dependent on the geographic
location of the field and the geological formation . The constituents in the PW are toxic organic compounds such
as benzene, toluene, ethylbenzene, and xylenes (known as BTEX), inorganic compounds such as heavy metals,
total dissolved solids (TDS), chemical additives used during the oil production process, polyaromatic hydrocarbons
(PAHSs), and other pollutants BIBIEIE The presence of these components in PW increases its toxicity, creates

significant environmental concerns, and reduces the possibility of treating and reusing the water.

Typically, discharging partially treated PW is allowed in specific standard quantities. However, there is a high
possibility that over time this water may cause chronic toxicity, which affects the environmental ecosystem Bl |t is
expected that the volume of PW will imminently increase due to the expansion of the oil and gas industry. Thus, it

is crucial to find an efficient and sustainable mechanism to treat and utilize the PW.

Figure 1 presents the technologies that were studied for the treatment of PW since 2016 L[L112](13]
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Figure 1. General PW treatment processes. * Number of published papers since 2016.

In contrast, algal treatments are an effective technique to treat a variety of industrial wastewaters 241, Microalgae
can be used to treat PW and remediate organic pollutants with the use of specific algal species. Moreover,
microalgae treatment processes produce usable biomass for biofuel production and have an additional benefit of
CO, capturing. In such treatment processes, algal cultures can solve economic and environmental problems while
simultaneously producing biofuels and other useful chemicals that reduce CO, levels in the atmosphere 13, With
an increase in water resource demands, PW has been used to maintain freshwater resources, especially in arid
regions suffering from freshwater scarcity. Investigations into the use of algae for PW treatment concluded that it is
not sufficiently advanced due to a need for large quantities of nutrients, solar radiation, CO, supply, freshwater, and

an adequate area for the cultivation medium L8171,

| 2. Produced Water
2.1. Produced Water Generation

Water created as a by-product during the extraction of oil and natural gas is referred to as produced water (PW).
This type of water is frequently found in oil and gas reservoirs, occasionally in a zone underneath the
hydrocarbons, and in the same zone as the oil and gas. PW is a type of brackish and saline water that is brought to
the surface from underground formations 18], Typically, oil wells can generate enormous amounts of water together
with oil, but gas wells produce water in smaller amounts. In 2018, it was estimated that the production of one U.S.
barrel of oil (=0.16 m3) was combined with of 3.13 barrels (=0.50 m3) of PW ¥l This demonstrates that the water to
oil ratio is approximately around 3:1. Reports indicate that oil fields account for more than 60% of PW generation

worldwide &,

As previously noted, there is no constant production volume of PW in oil and gas generation, as it is dependent on
the geographic location and geological formations . In 2007, the production of crude oil was 53,463.4 barrel /day

and 31,449.1 barrel/day of natural gas from the Sergipe and Alagoas oil field in northeastern Brazil was combined
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with 207,563.8 barrel /day of PW 2, Only 85% of the PW was sent to a treatment plant and the remaining was
re-injected into the well to help extend the oil field production lifetime 9. For instance, the U.S. oil industry
produces the largest amount of PW 7, with New Mexico as the third-largest oil-producing state in the United
States. According to 2019 data, New Mexico produced 1.246 billion barrels of PW [, |t was reported that
Mississippi Oil and Gas generates 330,026,777 bbl/year of PW during gas production 22, Another large producer
is Oman, whose daily extracted volume of PW from Nimr Field reaches 5032 bbl/day (23], Moreover, Oman’s Nimr
field can re-inject 120 million L/d of PW into the ground 231, Moreover, in 2020, Qatar’s average production of PW
from the offshore North Field produced 26,554 bbl/day [24. The average water to gas ratio recorded during natural
gas generation from Qatar’s North Field is 1.2 [24]. These high volumes of PW highlight the urgent need for cost-
effective treatment methods. Al-Ghouti et al. 8 characterized Qatar's PW from the Natural Gas Field, which has

been outlined in Table 1.

Table 1. Produced water characterization in Qatar from the Natural Gas field [&l.

Parameter Raw Produced Water Filtered Water
Total organic carbon (mg/L) 389.1 317
Total nitrogen (mg/L) 35.77 27.6
Total phosphorus (ug/L) 277.78 180
Benzene (mg/L) 21 16.1
Toluene (mg/L) 3.8 3.21
Ethylbenzene (mg/L) 1.22 1.05
Xylene (mg/L) 3.43 3.11

Réf&ha{agteristics of Produced Water

Rroridech avale. chryARIeaRlSS; WAaNReIWTFerPeaioBs; &wlvnpateHinsiudy Aoredelvasealealpseepprudieced
invegtigatarbatatientsiof BIrtissBaser Bioheet proeveiH Watewr G2 (? WX e8ns a complex composition of

physical and chemical properties, dependent on the eolo%ical formation geo&;raphic field B, extraction method,
uce

2. Lin, L.; Jiang, W.; Chen, L.; Xu, P.; Wang, H. Treatment of rod water with photocatalysis:

and the type of extracted hydrocarbon ®'. Rahman et al. ¥ detail a list of PW parameters and their typical range. It

Recent advances, affecting factors and future research pr_osPec_ts. Catal%/sts 2020, 10, 924.
was observed that the toxicity of the PW generated from gas wells is 10 times greater than the toxicity produced

fBorhivi) WelkiRY.Glvien thatPepbcral, tratnfntStoultbbeYaken Qr Aullescalewaicess for produced water
treatment on offshore oilfield: Reduction of organic pollutants dominated by hydrocarbons. J.
Thecteawopited. g2, fps, ail2igHds] is summarized in Table 2. The primary constitutes found in PW are total

dissolved solids (TDS), salts, benzene (B), toluene (T), ethlgl_benzene E), and xylenes éX) ’&denpted as BTEX),
4. Fakhru’L-Razi, A.; Pendashteh, A.; Abdullah, L.C.; Biak, D.R.A.; Madaeni, S.S.; Abidin, Z.Z.
polyﬁlromatlc hydrocarbons (PAHSs), oil and grease (O&G). The BTEX are volatile organic compounds that naturally
eview of technologies for oil and gas produced water treatment. J. Hazard. Mater. 2009, 170,
occur in oil and gas wellS, including gasoline and natural gas. The BTEX compounds also freely escape into the

atmosphere during PW treatment 22, Additionally, traces of natural organic and inorganic compounds, phenol,
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2 Microalgae Species Type of Nutrients Removal Efficiency% References c¢(
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Iron >90%
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Ethylbenzene 30% .
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Chlorella vulgaris (C.v) by (N.0) 63%, 47% and 72% [43]
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pH—8.1, salinity 30
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flasks tertiolecta °C, fl2 Real PW 0.0098 @ Biodiesel 7
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gTDSI/L
4 1.

Performance analysis of hybrid solar chimney—power plant for power production and seawater
desalination: A sustainable approach. Int. J. Energy Res. 2021, 45, 17327-17341.
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salina. In Bioremediation and Sustainable Environmental Technologies. In Proceedings of the
Third International Symposium on Bioremediation and Sustainable Environmental Technologies,
Mlaml FL, USA, 18-21 May 2015; Sprlnger Berlin/Heidelberg, Germany, 2015.
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