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This chapter reviews technological options to manage effluents and emissions in the 

oil and gas industry. Pieces of evidence from various studies relevant to the 

objectives of the study were drawn from two database citations. Three technological 

options are identified with 18 categories. Due to its ability to remove contaminants 

such as aromatic compounds and hydrocarbons present in petroleum refining that 

biodegrade easily, biological options seem most suitable for effluent treatment. On 

the other hand, chemical and physical options are also both used for the treatment of 

effluents and emissions in the oil and gas industry, but do not remove aromatic 

compounds and hydrocarbons as do biological agents. Only two papers reported on 

Nigeria’s oil and gas industry. 
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1.0. Introduction 

Nigeria is Africa’s most populous country and is also endowed with large and diverse energy resources, 

which include crude oil, natural gas, coal, wind, solar radiation, and biomass. The oil and gas sector is 

one of the most important sectors in the country’s economy, accounting for more than 90% of the 

country’s exports and 80% of the federal government’s revenue (Robinson & Amadi, 2020). The 

petroleum industry, also known as the oil and gas industry or the oil patch, includes the global 

processes of exploration, extraction, refining, transporting, and marketing petroleum products. The 

largest volume of products of the industry are fuel oil and gasoline (petrol) (Paul & Lydia, 2011). 

Petroleum also forms the source for many chemical products, such as pharmaceuticals, solvents, 

fertilizers, pesticides, synthetic fragrances, and plastics. The industry is usually divided into three 

major components: upstream, midstream, and downstream (Hassan, 2016). The operations of Nigeria’s 

oil and gas industry are in three major areas; crude oil exploration and exploitation (production), oil 

refining, and petroleum products transportation and marketing (Kadafa, 2012). However, due to the 

heavy dependence of the economy on the oil and gas sector, the exploration and exploitation of crude 

oil have caused abuse of the environment with serious costs. (Kadafa, 2012). 

 

Several petroleum-related problems such as environmental pollution, degradation, human health risks, 

sociocultural and socioeconomic problems have been documented in the Niger Delta region of the 

country (Elum, Mopipi & Henri-Ukoha, 2016). Environmental problems associated with the oil and 

gas industry are usually caused by pipeline explosion, oil spillage, gas flaring and venting, improper 

discharge of industrial effluents which are hazardous into waste streams (Ite et al., 2018; Jafarinejad, 

2017). These industrial effluents contain drilling mud, oily and toxic sludge, oil well blowout, oil blast 

discharges, artisanal refining and other operational discharges (Amadi, 2014). Besides, exploration 

and development whether onshore or offshore, generate wastes that include atmospheric emissions, 

wastes like drill cuttings amongst others (Leonard & Stegemann, 2010; Ite et al., 2018).  

 

However, the unceasing exploration and exploitation of crude oil have had disastrous impacts on the 

environment from the industrial effluents and emissions, most especially in the region (Nwogwugwu, 

Emmanuel & Egwuonwu, 2012). This continuous oil pollution characterizes the contaminated streams, 

forest destruction, and biodiversity loss, in general, which has greatly affected the inhabitants of the 

region. (Kadafa, 2012). This in turn affects the livelihood of the indigenous people who depend on 

ecosystem services for survival leading to increased poverty and displacement of people (Adekola & 

Mitchell, 2011). The oil and gas industry in Nigeria has the same environmental problems as those in 

more technological advanced countries. However, most of these developed countries use various 

technological options to handle environmental problems in their oil and gas industry (Aliaga et al., 

2021). These options, deployed as regulatory standards in the industry, include treatment and 

management of industrial effluents and emissions that promote sustainable management for the 

profitable extraction of natural resources. In terms of technological treatment, the regulatory standard 

makes the option mandatory for effluents and emissions to be treated before being discharged into the 

environment or recycled/reused. Conversely, Nigeria does not have such mandatory options and where 

they exist, enforcement is lacking, resulting in a lack of effective control measures and less strict 

regulations (Ambituuni, Amezaga & Emeseh, 2014; Eweje, 2006). It therefore is an interesting issue 

to examine, by reviewing literature on existing technology options in the Nigerian oil and gas industry 

suitable to manage effluents and emissions, hence this study. 

 

Our objectives are thus: to identify types of effluents and emissions in the oil and gas industry; assess 

technological options for managing these effluents and emissions; and ascertain technology options, if 

any, in use in Nigeria's oil and gas industry.  Driving the process of addressing these objectives are the 

following questions: what effluents and emissions occur in the process of oil and gas operations? What 

technology options are available for managing these effluents and emissions in Nigeria and what gaps 

https://en.wikipedia.org/wiki/Hydrocarbon_exploration
https://en.wikipedia.org/wiki/Extraction_of_petroleum
https://en.wikipedia.org/wiki/Oil_refinery
https://en.wikipedia.org/wiki/Petroleum_transport
https://en.wikipedia.org/wiki/Fuel_oil
https://en.wikipedia.org/wiki/Gasoline
https://en.wikipedia.org/wiki/Petrochemical
https://en.wikipedia.org/wiki/Pharmaceutical_drug
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Fertilizer
https://en.wikipedia.org/wiki/Pesticide
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Upstream_(petroleum_industry)
https://en.wikipedia.org/wiki/Midstream
https://en.wikipedia.org/wiki/Downstream_(petroleum_industry)
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exist in the options in Nigeria? The paper is structured thus: after the introductory section is the study 

concept. Next is the methodology followed by results and analysis, conclusions and recommendations. 

 

2.0. Conceptual framework 

The conceptual framework for this study is based on two harmonizing principles for scientifically 

identifying and analyzing existing studies: a systematic review (Denyer & Tranfield, 2009) and 

thematic analysis (Terry et al., 2017). A systematic review involves the location of existing studies, 

based on systematic and explicit methods to identify, select and critically appraise relevant research, 

and to extract and analyze data from the studies that are included in the review. (Denyer & Tranfield, 

2009; Khan et al., 2001). The second leg of the conceptual framework is the thematic analysis (Braun 

and Clarke, 2006). This allows for the identification and exploration of major themes across the 

literature in a systematic, theoretically flexible manner. Thematic analysis is one of the most common 

forms of analyses within qualitative research (Braun and Clarke, 2006; Guest et al., 2012), and can be 

described as methodologies or theoretically informed frameworks for research specifying guiding 

theory, appropriate research questions, and methods of data collection, as well as procedures for 

conducting the analysis. The approach of the thematic analysis for this study is matrix analysis 

(Groenland, 2014) through which the existing relevant studies were subjected, with the aim to identify 

and explore their major themes in a systematic and theoretically flexible manner (Braun and Clarke, 

2006). In this case, our approach becomes both reproducible and transparent. 

 

3.0. Methodology 

As stated in the concept of the study, the method is grounded in the use of the systematic review and 

thematic analysis. The use of systematic review scientifically guided the location of existing studies 

related to technological options to manage effluents and emissions in the oil and gas industry. Based 

on this study, a systematic review was used to report evidence from the various studies located in such 

a way that reasonable clear conclusions are reached about what is and is not known (Denyer & 

Tranfield, 2009) in the Nigeria oil and gas industry. The method is used for this study because it is an 

efficient technique for summarizing the results of existing studies, and also for assessing the 

consistency among these studies (Denyer & Tranfield, 2009). These existing studies were located from 

secondary sources, namely, selected citation databases, for which thematic analysis is well suited to 

analyze. After locating the existing studies related to the subject matter, thematic analysis principles 

were deployed to identify and explore their major themes (Groenland, 2014). 

 

The data collection was done from secondary sources at global and local scales respectively. The global 

scale of data collection involved examination of the kinds of technological options available in the oil 

and gas industry globally, while the local scale examined emissions and effluents as well as 

technological options already deployed to control them. In the ensuing analysis, the existing 

technological options gap in the oil and gas industry in Nigeria is identified. These variables guided 

the search in combination with the “oil and gas industry” globally with a particular focus on Nigeria, 

purposively selected for sampling. The alternatives of the variables were also used for the search as 

per their definition.  The most general definition of ‘“emission” is gas-borne pollutants discharged 

into the atmosphere … (Lee, 1992). “Effluent” is an outflowing of water or gas to a natural body of 

water, from a structure such as a wastewater treatment plant, sewer pipe, or industrial outfall (Tukur, 

Abubakar & Rabi’u, 2019).  

 

The searches were limited to any timeframe as studies focusing on the oil and gas industry in Nigeria 

are scarce in literature. The academic search engines and bibliographic databases (ASEBDs), namely, 

Microsoft Academic and Google Scholar, were engaged for the search done in this study. These 

databases were estimated to have over 600 million publications of which over 260 million publications 

(Orduña-Malea et al., 2014) were in the Microsoft Academic database at the time of this study. 

Microsoft Academic which was launched in 2016, features data structure as well as searches using 



Momodu and Adepoju / Koozakar Festschrift 1 (2024) 76 - 89  

 

79 

 
Technology Management and the Challenges of Sustainable Development: A Festschrift for Professor Matthew Olugbenga Ilori 

semantic search technologies and it is a free public web search engine for academic publications and 

works of literature.  Similarly, Google Scholar, which started in 2004, is estimated to have 390 million 

documents (Gusenbauer, 2019) and is a freely accessible web search engine that indexes the full text 

or metadata of scholarly literature across an array of publishing formats and disciplines. The database 

index includes most peer-reviewed online academic journals and books, conference papers, theses and 

dissertations, preprints, abstracts, technical reports, and other scholarly literature, including court 

opinions and patents (Orduña-Malea et al., 2015), making it the world's largest academic search engine 

in January 2018 (Gusenbauer, 2019)  

 

Table 1 shows the detailed search command for Google scholar and scope for Microsoft Academic. 

The search words used were: Petroleum industry, technological options, emission, effluents, and 

Africa. For analysis, the keywords were used and the literature was further supplemented by relevant 

publications in the reference lists of the publications collected. The title and abstract of each study 

were read, and the full-text article was obtained where the researchers found the study applicable to 

the research question, based on previous literature. Empirical research articles, review articles, 

academic book chapters, and conference papers addressing technological options for the treatment of 

effluents and emissions, were selected for the study. A Boolean combination, AND was also included 

(Denyer & Tranfield, 2009). Specifically, for each of the citation databases, advanced search 

commands were inputted directly into their respective search bars.  Papers eligible for inclusion were 

those that described the technological options for treatment and management of effluents and 

emissions in the oil and gas industry. 

 

All related approaches regarding the broad theme, technological options, of the systematic review were 

included, and the pieces of literature were thematically analyzed (Braun and Clarke, 2006). This gives 

room for the identification and exploration of major themes across the literature in a systematic, 

theoretically flexible manner. The major themes identified and explored for technological options are 

chemical, biological, and physical processes; for effluents are oil-based muds, sludges, and cuttings, 

geothermal fluid, hydraulic fracturing return fluid, water-based muds and cuttings, and produced 

water; for emissions are equipment leak and vented emission, combustion-related emissions, and that 

from non-emissive uses. 

 

4.0. Results and Analysis 

To generate a result for the study, advance commands in each of the citation databases were employed. 

For Microsoft Academic, the advanced search command used is “Topic” with the variants “Petroleum 

industry technological options for emission and effluents”. This gave a search result of 227 articles. 

Out of these articles, only 10 were found to be relevant to the scope and objectives of the study, 

covering the years 1992 to 2020.  For Google Scholar, the advanced search command used is “intitle” 

with the variants “petroleum industry technological options for emission and effluents”, with a search 

result of 874 articles. On further search, adding “Africa” to the variant, Google Scholar returned a 

search result of 214. Of these, 25 were found to be relevant to the scope of the study. Table 2 shows 

the summary of the search results from the citation databases and Table 3 shows the thematic and sub-

thematic breakdown of the relevant articles reviewed. Effluents and emissions are part of by-products 

released during production processes that take place in the oil and gas industry. This necessitates 

technology deployment to handle these by-products. The effluents and emissions could be handled 

using chemical, biological or physical technology options. This demarcation of technology options 

enabled the relevant articles to be categorized into themes and subthemes respectively for analysis. 

The themes are three, namely, technological options, effluents, and  

 

 

 

Table 1: Advanced Search Commands for Google Scholar and Scope for Microsoft Academic 
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Google1 Scholar Microsoft Academic2 

Search command Command Description Scope Description 

Wildcard* 

Add * add to a word as a 

wildcard for variant 

versions 

Abstract 
Match term or quoted value 

from the paper abstract 

“Phrase searching" 
retrieves an exact match 

of phrase 
Affiliation 

Match affiliation 

(institution) name 

OR 
retrieves search results 

with any word(s) 
Author Match author name 

exclude - 
use - to remove results 

that include a search term 
Conference 

Match conference series 

name 

Intitle 
word(s) appear in the title 

of the item 
DOI 

Match paper Document 

Object Identifier (DOI) 

published: 
retrieve items from a 

specific publication 
Journal Match journal name 

site: 
search only specific types 

of sites or domains 
Title 

Match term or quoted value 

from the paper title 

date range 

Use Any Time option 

from the left of the 

results page 

Topic 
Match paper topic (field of 

study) 

  Year 
Match paper publication 

year 

 

 

 

Table 2: Summary of Search Results from Citation Databases 

Citation database Search variants 
Result of 

search 

Number of 

relevant articles 

Microsoft. Academic 

Topic: Petroleum industry 

technological options for emission 

and effluents3 

227 10 

Google Scholar 

intitle: petroleum industry 

technological options for emission 

and effluents in Africa.4 

214 

25 
intitle: petroleum industry 

technological options for emission 

and effluents   

874 

 

                                                           
1 https://guides.library.ucsc.edu/c.php?g=745384&p=5361954 assessed on 12/11/2020 
2 https://www.microsoft.com/en-us/research/project/academic/articles/rationalizing-semantic-and-keyword-search-on-

microsoft-academic-2/ assessed on 12/11/2020 
3https://academic.microsoft.com/search?q=Topic%3A%20Petroleum%20industry%20technological%20options%20for%

20emission%20and%20effluents&f=&orderBy=0&skip=0&take=10 assessed 12/11/20. 
4https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=intitle%3Apetroleum+industry+technological+options+fo

r++emission+and+effluents+Africa&btnG= assessed on 12/11/20. 

https://guides.library.ucsc.edu/c.php?g=745384&p=5361954
https://www.microsoft.com/en-us/research/project/academic/articles/rationalizing-semantic-and-keyword-search-on-microsoft-academic-2/
https://www.microsoft.com/en-us/research/project/academic/articles/rationalizing-semantic-and-keyword-search-on-microsoft-academic-2/
https://academic.microsoft.com/search?q=Topic%3A%20Petroleum%20industry%20technological%20options%20for%20emission%20and%20effluents&f=&orderBy=0&skip=0&take=10
https://academic.microsoft.com/search?q=Topic%3A%20Petroleum%20industry%20technological%20options%20for%20emission%20and%20effluents&f=&orderBy=0&skip=0&take=10
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=intitle%3Apetroleum+industry+technological+options+for++emission+and+effluents+Africa&btnG
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=intitle%3Apetroleum+industry+technological+options+for++emission+and+effluents+Africa&btnG
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Table 3: Some Technological Options for Treating Effluents and Emissions in the Oil and Gas  

   Industry 
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Microsoft Academic 
Silva, 
Alves, & 

França 

(2012) 

                          

Finster, et 

al., 2015                           
Saba, 
2014                           

Veil,2011                           
 Puder & 

Veil,2006                           
Guerrero-

Martin et 
al.,2020 

                           

Jafarinejad

, (2017)                           

Veil,2007                           
Gaurina-
Medimure

c, 1999 
                          

Naser, 

2013                           

Google Scholar 
Abid et 
al., 2017                           
Fenibo et 

al., 2019                           
Ayotamun
o et al., 

2002 
                          

Das et al., 

2018                           
Varjani et 

al., 2018                           
Mustapha, 

& Lens, 
2018 

                          

Wagner,2

020                           
Islam, B. 
(2015)                           
Nasreen 

& 
Kalsoom 

(2018) 

                          

Behera et 
al., (2020)                           
Kogbara 

et al., 

(2016) 
                          

Aguelmou

s et 

al,(2019) 
                          

Ite & 
Ibok, 

(2019) 
                          

Kuppusa
my  et al., 

(2019) 
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Mohamm

ed (2019)                           
Atagana, 

(2014)                           
Snyman 

(1996)                           
Sarsaiya 

et al., 

(2019) 
                          

Oyibo 

(2013)                           
McIntosh 

(2014)                           
Onur, 

(2015)                           
Igunnugb

emi 
(2015) 

                          

Badawieh 

(2015)                           
Ali, 

(2020)                           
Awal, 

(2010)                           

Legend:    Primary    Secondary 
 
 

Technological options: three technological options were identified in this study for the treatment of 

effluents and emissions in the oil and gas industry. These options are chemical, biological, or physical 

(see Silva, Alves, & França, 2012; Saba, 2014; Puder & Veil, 2006). Under each of these options, there 

are various categories deployed. The categories in the chemical option are minimization, microwave 

liquefaction, destructive distillation, thermal plasma, low-temperature conversion, electrolytic 

oxidation, precipitation, incorporation in ceramic materials, CO2 capture, and injection in the 

hydrocarbon. Similarly, the biological options include bio-piles/bioreactors, bio-degradation, and 

rhizoremediation/phytoremediation. The physical options are recycled and reuse, crystallization, 

disposal injection, steam recovery, building natural gas pipelines, and centrifugation. The details are 

discussed next. 

 

Chemical options: from the existing located studies (Mohammed, 2019; Islam, 2015; Silva, Alves, & 

França, 2012; and Guerrero-Martin et al., 2020), nine chemical treatment options were identified, 

namely; (i) minimization, which involves diminishing of the amount of waste and/or its contamination 

potential by reduction at the source, reutilization, and recycling, thereby minimizing toxicity and/or 

hazardousness, (ii) microwave liquefaction is a technique developed in the United States that consists 

of a process for separating the water contained in oily sludges through an emulsifier combined with a 

microwave bundle. Such treated sludge can be reused for energy purposes, and the separated water can 

be sent to an industrial sewage treatment station (ISTS) (Robinson et al., 2008; Silva, Alves & Franca, 

2012) (iii) destructive distillation, pyrolysis or thermal oxidation is the chemical decomposition of an 

organic compound induced by heat at temperatures between 300 and 1600 °C (iv) thermal plasma is a 

technology that involves the creation of a sustained electrical arc by the passage of electric current 

through a gas in a process referred to as electrical breakdown (v) low temperature conversion is a 

thermal process performed at low temperatures under an inert nitrogen atmosphere; the temperatures 

are oscillated between 380 and 450 °C, without the addition of catalysts (vi) incorporation in ceramic 

materials involves the use of oily sludges in the fabrication of ceramic materials (vii) Electrolytic 

oxidation is an effective process of converting dissolved salts into their respective gases (viii)  

Precipitation process is used to remove scaling ions before the reverse osmosis process (ix) CO2 

capture and injection in the hydrocarbon reservoir is done to increase the recovery factor of the oil 

field and reduce emission. 
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Of the ten relevant manuscripts gathered from the Microsoft Academic citation database, seven 

indicate the deployment of chemical options for the treatment of effluents and emissions in the oil and 

gas industry. Of these seven, three focus on the use of thermal plasma, two focus on CO2 capture and 

injection into the hydrocarbon reservoirs, one focuses on the use of microwave liquefaction, and the 

last paper focuses on the use of destructive distillation respectively as treatments for effluents. Silva, 

Alves & França (2012) applied different chemical processes such as microwave liquefaction, 

destructive distillation, thermal processes, low-temperature conversion, and incorporation of ceramic 

materials in treating oil-based muds, sludges, and cuttings. Similarly, Saba (2014) explained the use 

of electrolytic oxidation, precipitation for the treatment of hydraulic fracturing return fluid. Puder & 

Veil (2006)  and Jafarinejad (2017) examined the use of thermal plasma majorly for treating oil-based 

muds, sludges, and cuttings, water-based muds, cuttings, and produced water. Guerrero-Martin et al. 

(2020) addressed the use of CO2 capture and injection in the hydrocarbon reservoir as a treatment 

option for equipment leak and vented emission as well as combustion-related emissions. Veil (2007) 

identified the use of minimization as a chemical treatment process for produced water in the oil and 

gas industry. Gaurina-Medimurec (1999) explains the use of CO2 capture and injection in the 

hydrocarbon reservoir as a treatment option for hydraulic fracturing return fluid, water-based muds, 

cuttings, and produced water. 

 

For the twenty-five (25) relevant articles culled from the Google Scholar citation database, four (4) of 

which indicated the use of chemical treatment options for industrial effluents and emissions in the oil 

and gas industry. Islam (2015) identified five chemical treatment options namely:  minimization, 

microwave liquefaction, destructive distillation, thermal plasma, and electrolytic oxidation for treating 

for treatment of oil-based muds, sludges, and cuttings. Mohammed (2019) explained the use of thermal 

plasma chemical treatment methods for oil-based muds, sludges, and cuttings. Similarly, Ali, (2020) 

and Awal, (2010) identified the use of CO2 capture and injection in the hydrocarbon reservoir for 

treating oil-based muds, sludges, cuttings, equipment leak, and vented-emissions. 

 

Biological option: from the existing located studies (Silva, Alves, & França, 2012; Saba, 2014; Puder 

& Veil, 2006; Abid et al., 2017), three (3) biological options were identified for treating effluents and 

emission in oil and gas industry. These options are namely: (i) biopiles/bioreactors, biopile technology 

involve the construction of contaminated soil mixed with oily sludges in cells or piles to stimulate 

internal aerobic microbial activity by highly efficient aeration and slurry bioreactors are one of the 

most important types this technology for the treatment of oily sludges (ii) biodegradation (iii) 

phytoremediation/rhizoremediation is the degradation of hydrocarbons in natural and engineered 

wetlands with phytoaccumulation and phytodegradation with plant species, and rhizoremediation with 

naturally occurring rhizobacterium. For this option, five papers were located from the Microsoft 

Academic citation database and twenty-one papers from the Google Scholar citation database. 

 

Saba (2014) mentioned the use of bio piles/bioreactors and rhizoremediation/ phytoremediation 

options for the treatment of hydraulic fracturing return fluid, an effluent. Puder & Veil (2006) 

examined the use of biodegradation for the management of oil- and water-based muds and cuttings, 

and produced water. For managing oil-based muds and cuttings in most oil and gas industries, 

Jafarinejad, (2017) assessed the use of biopiles/bioreactors. Naser (2013) expatiated on 

biodegradation, rhizoremediation, and phytoremediation biological treatment process for oil-based 

muds, sludges, and cuttings. Silva, Alves, & França (2012) identified the use of bio piles/bioreactors 

and biodegradation as a treatment for oil-based muds, sludges, and cuttings. Abid et al. (2017) 

examined the use of bio piles/bioreactors and biodegradation as a biological treatment option for 

combustion-related emission. Fenibo et al. (2019) addressed biodegradation, 

rhizoremediation/phytoremediation for treating oil-based muds, sludges and cuttings, water-based 

muds and cuttings, and produced water. Das et al. (2018), Mustapha & Lens (2018) Wagner (2020)  
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and Islam (2015) identified rhizoremediation/phytoremediation as a biological treatment option for 

oil-based muds, sludges, and cuttings, geothermal fluid, hydraulic fracturing return fluid, water-based, 

muds, and cuttings as well as produced water. 

 

As for Varjani et al. (2018), the use of rhizoremediation/phytoremediation for treating emissions from 

non-emissive uses was in focus. Nasreen & Kalsoom (2018), Behera et al. (2020), Kogbara et al. 

(2016), and Aguelmous et al. (2019) identified biodegradation as a means of treating oil-based muds, 

sludges, and cuttings as effluents in oil and gas industry. Similarly, Ite & Ibok (2019), Kuppusamy  et 

al. (2019), Atagana (2014), and Snyman (1996) addressed biodegradation biological treatment option 

for oil-based muds, sludges and cuttings, water-based, muds and cuttings, geothermal fluid, hydraulic 

fracturing return fluid as well as produced water. Sarsaiya et al. (2019), Oyibo (2013), and McIntosh 

(2014) recognized the use of rhizoremediation/phytoremediation for treating oil-based muds, sludges 

and cuttings, as well as water-based muds and cuttings. Onur (2015), Igunnugbemi (2015) and 

Badawieh (2015) examined biodegradation as a biological treatment option for geothermal fluids, 

water-based, muds and cuttings, hydraulic fracturing return fluid, oil-based muds, sludges and cuttings 

and produced water. 

 

Physical options: existing located studies Jafarinejad (2017); Guerrero-Martin et al. (2020); and Saba 

(2014) showed six physical options being used for the treatment of effluents and emissions. These 

physical options include: (i) recycle/reuse; recycle includes any technique that allows the generation 

of profit from waste after it is subjected to a treatment that modifies its physicochemical characteristics 

while reuse allows waste reutilization without treatments that alter the physicochemical characteristics 

of the waste (ii) crystallization (iii) disposal (iv) steam recovery involves recycling steam and reusing 

it as a source of thermal energy (v) building gas pipelines is done for curbing of gas flaring (vi) 

centrifugation technique allows the separation of gaseous, aqueous and pasty phases by physical 

means. 

 

Of the located existing studies from the Microsoft Academic citation database, Silva, Alves & França 

(2012) and Finster et al. (2015), indicated the use of recycling/reuse for treatment of oil-based muds, 

sludges, cuttings, and geothermal fluid. Saba (2014) examined crystallization treatment methods for 

water-based muds and setting effluents in the oil and gas industry. Recycle/reuse and disposal method 

were examined by Puder & Veil (2006) for the treatment of oil-based muds, sludges, and cuttings, 

water-based muds, and cuttings as well as produced water. Guerrero-Martin et al. (2020) expatiated 

on steam recovery method and building of natural gas pipelines for management of equipment leak, 

vented and combustion-related emission. Jafarinejad (2017) identified recycle/reuse, disposal, 

centrifugation, and steam recovery treatment options for oil-based muds, sludges, and cuttings 

effluents, equipment leaks, vented and combustion-related emissions as well as emissions from non-

emissive uses. Veil (2007) adopted the use of recycling/reuse and disposal method for treatment of 

produced water as effluents in oil and gas industry. Gaurina-Medimurec (1999) explains the disposal 

as a treatment option for hydraulic fracturing return fluids, water-based muds and cutting as well as 

produced water. 

 

In the Google Scholar citation database, Islam (2015) identified the use of disposal and centrifugation 

methods for treating oil-based muds, sludges, and cuttings in the oil and gas industry. Similarly, Awal 

(2010) embraced the use of disposal methods for treating oil-based muds, sludges and cuttings in the 

oil and gas industry. 

 

Fifty-five percent of the papers reviewed showed that the biological option was the most prevalent 

technological options used in handling effluents and emissions in the industry. This option is more 

common and preferred than the other options because it is a greener and economically viable method 

to safely dispose of these environmentally unfriendly materials (effluents and emissions). Brazil, for  
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example, depends on the physical and chemical properties of the waste as well as the availability of 

facilities to process the waste when making choice of treatment method. Based on this approach, Brazil 

engages in a 3R policy of reuse, reduce and recycling of petroleum sludge as well as improving 

techniques as part of the body of actions involving policies that integrate the management of quality, 

health, safety and environmental systems (Silva et al., 2012). In turn, the European Union through the 

European Commission Directorate-General of Environment (Jafarinejad, 2017), developed a waste-

management plan where waste hierarchy was laid down in a priority order from waste prevention and 

source reduction to preparing for reuse, recycling, energy recovery as well as technological treatment 

options (biological, chemical, physical and thermal) and finally to disposal. Nigeria could adopt the 

simpler policy of Brazil as a primer to improving the waste management in the oil and industry, and 

ultimately adopt the European countries’ waste hierarchy approach. 

 

Technology options in use in the Nigerian oil and gas industry 

Reviewing the located existing studies relevant to our objectives shows low or no technology option 

being used in the treatment of effluents and emissions in the oil and gas industry in Nigeria. From 

Ayotamuno et al. (2002) assessment, technology options available to treat effluents and emissions in 

the oil and gas industry are characterized by obsolescing. It is important to emphasize that the oil and 

gas industry in Nigeria is no different from its like globally, in terms of having the same environmental 

problems. However, in Nigeria’s case, the problem is heightened from the absence of relevant 

technological tools (chemical or biological or physical options) for effective control of the 

environmental pollution (effluents and/or emissions) from this industry (Ambituuni, Amezaga & 

Emeseh, 2014; Eweje, 2006). To buttress the point, the views of the people living in the oil and gas 

exploring communities have been grossly bastardized. Rather than rejoice about the presence of oil 

and gas in their communities, they have queried its usefulness, seeing the resource as a curse to their 

communities (Tombari & Lekpa, 2018). Deductively, the aging or non-existence of the application of 

technology options in the oil and gas industry has contributed significantly to the view that people in 

the oil and gas communities to see the resource as a curse.  

 

5.0. Conclusion and recommendations 
The total number of located existing studies from searches made in two citation databases – Microsoft 

Academic and Google Scholar – obtained for review in this study is 441. Thirty-five (35) articles were 

found relevant to the objective of the study. From these articles, different types of effluents (oil-based 

muds, sludges and cuttings, geothermal fluid, hydraulic fracturing return fluid, water-based muds, and 

cuttings and produced water) and emissions (equipment leak, vented and combustion-related emission, 

and emissions from non-emissive uses) were identified as being produced during the exploration and 

exploitation of oil and gas in the industry. Three technological options – chemical, biological and 

physical – were identified and evaluated for the treatment of effluents and emissions in the industry. 

From reviewing these relevant identified studies, we infer that those biological options may be most 

suitable for effluent treatment due to their ability to remove contaminants such as aromatic compounds, 

and hydrocarbons that biodegrade easily (Mustafa et al., 2021). On the other hand, chemical and 

physical options are also both used for the treatment of effluents and emissions in the oil and gas 

industry, but do not remove aromatic compounds and hydrocarbons as do biological agents. Based on 

relevant literature identified from this study, it could be inferred that Nigeria has a low or no technology 

option being used in the treatment of effluents and emissions in the oil and gas industry. This low or 

absence of relevant technological tools (chemical or biological or physical options) for effective 

control of environmental pollution (effluents and/or emissions) makes the people living in the oil and 

gas exploring communities to be grossly bastardized and see oil and gas as a curse rather than a 

resource for development. It is true that the Nigerian government is working at cleaning up the Ogoni 

community (Federal Ministry of Environment, 2021) (a community hosting oil and gas exploration 

activities in the South-south geopolitical zone of Nigeria) of wastes and discharges caused by oil and  

gas exploration activities, the idea of clean-up only serves to support low or absence of relevant 

technological options in the first instance. Furthermore, there is yet to be literature reporting on the 
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activities of the clean-up in Ogoni land. This thus accentuates the fact of gap in the policy regulating 

cleanup of the environment where oil and gas is explored has created grossly bastardized hosting 

communities. It is therefore recommended that studies be conducted to identify what pollutants are 

most released in the Nigerian oil and gas environment. Also, policy needs be enacted to mandate the 

application of relevant technology options in the oil and gas industry to minimize environmental 

damages being experienced from the industry by host communities. 
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