


          Impact of Gas Flaring Activities on Human Health and Socioeconomic Activities in Nigeria: A Review


                                                                        ABSTRACT
Gas flaring has been identified as one of the main causes of environmental, health and socioeconomic challenges in Nigeria, especially communities within Niger Delta region are most affected. Food insecurity, loss of biodiversity and chronic health conditions among others are consequences of such activities. In order to understand the specific impact of gas flaring, especially as the general wellbeing of Nigerians has remained a continuous research, this study carried out a review on the impact of gas flaring activities on health and socioeconomic activities of Nigerian with special focus on Niger Delta region. The researcher reviewed empirical and theoretical studies on consequences of gas flaring on public health; consequences of non-gas utilization on socio-economic wellbeing; legal framework and policy on gas flaring in Nigeria; ethical implication of gas flaring in Nigeria and challenges in the implementation of gas laws in Nigeria. Also, Sustainable Development Theory and Resource Curse Theory were analyzed in relation to the health and socioeconomic wellbeing of citizens through enactment of policies. The study concluded that through stakeholder cooperation, technology development, and policy enforcement, the issues raised can be addressed. It was recommended among others that gas-to-power projects, increase in LNG production, and adoption of CNG as substitute energy for automobiles should be taken more seriously by both government and private firms.
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1. Introduction
Nigeria is a West African nation that shares boundary with Republic of Benin to the west, the Republic of Cameroon to the east, and the Chad and Niger Republics to the north. Fortunately, it has a sizable oil deposit that has provided funds for other sectors of development [1]. With crude oil making up 65% of total government revenue, Nigeria is the continent's leading oil supplier and the thirteenth largest in the world. At full operating capacity, the country has a daily production of 2.5 million barrels of crude oil [2] [3].
[bookmark: _GoBack]Gas flaring, which is the burning of natural gas combined with oil at the time petroleum is being extracted, is extremely dangerous for the environment and human health [4]. Gas flaring is the process of burning off natural gas linked to petroleum when there are not enough infrastructures in place to capture or use the gas [5]. Pollutants including carbon dioxide (CO2), sulfur dioxide (SO2), nitrogen oxides (NOX), and volatile organic compounds (VOC) are discharged into the atmosphere during the process. Furthermore, the process produces disagreeable noise, excruciating heat, smoke, and carbon monoxide, all of which contribute to global warming, which causes climate change and has a detrimental effect on biodiversity, human health, and the ecosystem as a whole [6].
However, since production started in the Niger-Delta region in 1956, Nigeria's oil industry has regularly burned the associated gas, a process known as natural gas flaring. An important source of energy and potential revenue is routinely burned in a low GDP, energy-insecure nation like Nigeria for a number of reasons [7]. At the first instance, gas becomes an undesirable byproduct when attention is directed toward crude oil and the infrastructure required extracting and transporting oil for export or refining [7]. This is particularly true given that gas capture and processing necessitates distinct infrastructure and may be expensive up front during an oil well's life, and multinational firms are generally reluctant to incur these expenditures.  
In addition to causing natural gas to flare during the extraction of crude oil production process using vertical stack elevation on oil wells or oil rigs, the presence of flammable natural gaseous and liquid substances also compromises the safety of residents and employees. The widespread use of unacceptable methods for flaring natural gas has become the standard in developing nations such as Nigeria [8]. Globally, Nigeria, Russia, and Iran account for 16%, 11%, and 10% of the scale of crude oil extraction through natural gas flaring, respectively. The World Bank has set 2030 as the deadline for stopping the flaring of gaseous substances, particularly among the three major countries [9].
Furthermore, it is easier for businesses to flare the gas rather than find other applications because of the lax regulatory and policy frameworks. The 2018 Flare Gas (Prevention of Waste and Pollution) Regulations, for instance, only recently raised the fine for flaring from US$0.024 (36 naira) per thousand standard cubic feet (SCF) to US$2 per thousand SCF for businesses that produce at minimum of 10,000 barrels of petroleum daily [10]. 
At over 201 trillion cubic feet (TCF), Nigeria has the greatest proven gas reserves in Africa. This however, amount to roughly 2.7% of the world's proven gas reserves [11]. In 2023, at an expected daily average production of 6.857 billion CF daily, 2.503TCF of associated and non-associated gas were produced, representing a minor reduction of roughly 0.57% from 2022. The average daily production of gas, both related and non-associated, was 4.213 BCF/D and 2.644 BCF/D, or 61.4% and 38.6%, respectively. 2.316TCF (92.54%) was used in total, while 0.182TCF (7.25%) was flared, according to the most recent data from the Nigerian Upstream Petroleum Regulatory Commission (NUPRC) [12]. Even with perfect compliance with the requirements, gas generating businesses would have only been subject to a punishment of about US$8 million prior to the July implementation of the 2018 Flare Gas requirements, which were based on the volume of flaring. In contrast, PWC [13] estimates that flaring cost the Nigerian economy US$761 million in direct revenue in 2018.
However, the contribution of gas flaring to human health and socioeconomic activities are on the increase.  It is well recognized that harmful chemicals released by gas flaring into Nigerian communities have a detrimental impact on human livelihood and public and community health [14]. Gas flaring releases greenhouse gases and other harmful substances that cause climate change, which impacts agriculture and causes food insecurity. This affects public and community health. Other characteristics include illness outbreaks and acid rain [15][16]. 
[17] discovered a strong association between gas flaring and hypertension in a study carried out in Nigeria's Niger Delta Region. Numerous pollutants from gas flares have also been linked to respiratory issues, headaches, sleeplessness, cancer, bronchitis, depression, blood disorders, skin damage, asthma, and anemia, according to studies [18][19] [20][17]. Also, studies of [21] [22] have reviewed these phenomena in details. 
Also, the continuous flaring of gas has tendency of disrupting the socio-economic fabric of the community by impacting agriculture, fisheries, and local livelihoods [23]. According to studies by Ite and Ibok [24], the Niger Delta alone burns over 2.5 BCF of gas per day, releasing a variety of anthropogenic chemicals and dangerous materials such heavy metals and carcinogens. There is an urgent need to address the dangers discharging gas to the atmosphere has on the environment and human health, as documented by [20] and [25]. According to Ogwu et al. [4], the main problems in the Niger Delta region of Nigeria are caused by the oil and gas sectors' disregard for government regulations regarding gas flaring and environmental laws.
In spite of being an international concern, the specific impact of gas flaring to socioeconomic activities and health of Nigerians has remained a continuous research, yet not sufficiently discussed. Gas flaring is a regular practice in the petroleum industry especially in developing economy, such as Nigeria, which poses significant threats to climate change and food supply. However, this study reviewed several literatures on how Gas flaring threatens public health; economic activities; human behaviour; ethical and legal implications in Nigeria.
2. Rational for the Study
In Nigeria, gas flaring is still a major environmental and socioeconomic difficulty, especially in Niger Delta region, which produces oil.  Gas flaring persists notwithstanding a number of regulatory frameworks designed to stop it, such as the Associated Gas Re-Injection Act (1979) and the Flare Gas (Prevention of Waste and Pollution) Regulations (2018). This practice poses a serious challenge on human health, economy, and environment [104].  Nigeria nation has been noted as one of the world's highly ranked gas-flaring nations, which has serious repercussions for local populations, agriculture, fisheries, and human welfare in general [105].
The adverse health challenge of flaring gas flaring is one of the main issues.  Due to the discharge of harmful chemicals such sulfur dioxide (SO₂), nitrogen oxides (NOₓ), and benzene, studies have connected extended exposure to gas flares to respiratory conditions, skin irritations, and an elevated risk of cancer [106].  Chronic health issues are common in communities close to flare sites, but access to medical services to treat these issues is restricted [107]. 
In addition to health risks, gas flaring has serious socioeconomic repercussions.  Food insecurity and farmers' loss of livelihoods result from reduced agricultural output caused by farmland damage, acid rain, and soil contamination [108].  Similar to this, local fishing communities suffer from falling fish populations and water pollution, this makes poverty in the impacted areas worse [109].  Furthermore, gas flaring contributes largely to climate change by altering rainfall patterns and raising the occurrence of extreme weather conditions that interfere with business operations [110].
Notwithstanding these widely known difficulties, research and policy implementation on the overall effects of gas flaring on socioeconomic activity and human health in Nigeria are still lacking.  An integrated assessment that objectively explores the complex effects of gas flaring on livelihoods, economic growth, and general well-being in impacted communities is necessary, even when prior research has focused on particular health or environmental effects.  Furthermore, the efficacy of current laws and regulations in reducing these effects is not well supported by empirical data [111]. 
With an emphasis on impacted populations in oil-producing regions, this study aims at bridging this gap by doing a thorough analysis of the effects of gas flaring activities on human health and socioeconomic activities in Nigeria.  Based on the findings, well-informed policy suggestions will be made to improve environmental protection, decrease gas flaring, and enhance the economic and health well-being of the local populace. 
3. Consequences of Gas Flaring on Public Health
Human health is seriously harmed by gas flaring, which is the burning of excess natural gas during the oil production process. Particulate matter (PM), SO2, NOX, heavy metals, and VOCs are among the pollutants that are discharged. Cancer, heart issues, and respiratory disorders are all exacerbated by these pollutants [26]. Long-term exposure raises the risk of low birth weights, bronchitis, and asthma in the surrounding communities [27].
The widespread practice of gas flaring in Nigeria's oil-producing regions has detrimental effects on people's health. Respiratory disorders, malignancies, and cardiovascular problems can result from the discharge of harmful pollutants such as CO, NOX, SO2, and VOCs [28] [29] [132]. Communities near gas flaring facilities also face risks of preterm births, low birth weights, and lower life expectancy due to continuous exposure to these toxic emissions. Health concerns are increased by the pollutants' degradation of air quality and contamination of water sources [30].
Dappa and Akujuru [31] looked into how gas flares affected the lives and well-being of people in the Ogba/Egbema/Ndoni Local Government Area. For the study, the researchers used a case study methodology, a descriptive survey design, and a sample technique that uses simple random sampling to enable robust statistical inference about the entire group. The results showed that a number of harmful health effects, including the potential for gas toxic chemicals and violation with environmental regulations, are associated with living next to a gas flare stack. This suggests that upholding environmental protection laws would safeguard human life and well-being while also promoting ecological growth and the economic sustainability of Nigerian communities that flare gas. 
According to FOEN [32], Nigeria flares over 2.5 BCF of gas related to petroleum in this way. This constitutes USD 2.5 billion loss to Nigeria and amounts to 40% of all natural gas usage in Africa. Multinational corporations in Nigeria are directly responsible for this catastrophe, which is a major source of greenhouse gases, NOx, polycyclic aromatic hydrocarbons (PAH), sulfur dioxide (SO2), black carbon, particulate matter (PM), and some heavy metals. As a result, the atmosphere deteriorates and the health and well-being of the local communities are impacted [33].
According to available statistics, the region's increased air pollution concentrations due to gas flaring have had a major negative influence on the health of the indigenous populace residing in the host communities, as well as on the region's physical infrastructure and metal works, low crop yields, poor nutritional quality of harvested crops, acidification of the soil and rainwater, and low crop yields [34-36]. Numerous reports by other interested scholars worldwide have been triggered by these impacts. There is obvious health dangers connected to gas flaring. Two million people in the oil-rich Niger Delta reside 4 kilometers (2.5 miles) from gas flares [37], making them more susceptible to lung damage and cancer, as well as childhood malformations, asthma, bronchitis, pneumonia, neurological disorders, and reproductive issues [38].
One cannot overstate the dangers gas flaring and the resulting air pollution poses to public health. Toxins like benzene, benzopyrene, toluene, mercury, and arsenic are known to cause cancer and are found in gas flares [39]. The air quality in the areas around gas flares in Agbada, Bonny, Bomu, Tebidaba, and Obagi was observed by Ede in 1995 [40]. Carbon monoxide (CO) and suspended particulate matter were the main pollutants, and the results indicated that nitrogen dioxide (NO2), sulfur dioxide (SO2), and CO concentrations were all above international standards. The region's rising incidence of skin and respiratory conditions supports this finding. These emissions also contribute to global warming, acid rain, and decreased soil fertility.
Human health is negatively impacted by gas flaring because it releases harmful air pollutants that are inhaled when gasses flare incompletely [39]. These contaminants negatively affect human health by generating neurological, reproductive, developmental, and cancerous disorders [41]. Skin issues, lung damage, and childhood deformities have also been documented [42]. It has also been discovered that incomplete hydrocarbon combustion affects hematological parameters. Leukemia, pancytopenia, and aplastic anemia are caused by these alterations that adversely impact blood and blood-forming cells [41]. However, it is crucial to take any action that can be taken because lowering the levels of chemicals and air pollutants in the environment may help prevent more negative effects of environmental deterioration and limit the harm to human health [43]. 
Dappa and Akujuru [31] looked into how gas flares affected the lives and well-being of people in the Ogba/Egbema/Ndoni Local Government Area. The study used a case study methodology with a descriptive survey design and a sample technique that uses basic random sampling to provide robust statistical inference about the entire group. The results showed that a number of harmful health effects, including the potential for gas toxic chemicals and violation with environmental regulations, are associated with living next to a gas flare stack. This implies that following environmental protection regulations will safeguard human life and health, promote ecological growth, and increase the financial stability of Nigerian communities affected by gas flares.
Residents of the Niger Delta region have been battling the flaring of crude oil associated gas, which is highly polluting to the ecosystem due to its high concentration of CO, CO2, SO2, NO2, soot enriched with Black Carbon (BC), hydrocarbons, and polycyclic aromatic hydrocarbons (PAH), as well as heat and noise [44-48]. Documents [49-50] [45] demonstrated that brief exposure to NO2 can result in respiratory morbidities, including increased exacerbation of asthma and other breathing difficulties. Different degrees of hematological, skin, and ocular deteriorations have been observed in residents exposed to various gas flare contaminants.
Additional health problems linked to flared gas that have been documented in the Niger Delta include immune system dysfunction, blindness, exacerbated asthma, chronic bronchitis, cancer, leukemia, decreased lung function, pneumonia, impotence, miscarriages, stillbirths, and other reproductive disorders [44] [51-53].
Oil spills as well as flaring of gas, results in the bioaccumulation of trace metals, and eating contaminated seafood can have negative health effects such as severe poisoning, nephrotoxicity, and neurotoxicity [54]. According to [55], gas flaring may have an impact on fetuses through transmitted toxicities. Unconventional oil and gas practices have been connected to negative impacts on neonates and fetal development, even in the United States [56]. Due to the dose-dependent nature of CO health issues, even healthy individuals may experience fatigue from low concentrations, while higher concentrations may result in myocardial ischemia, cardiac dysrhythmia, or reduced heart blood flow, as well as lethargy (physical and mental dullness) brought on by CO-induced fatigue [57-60]. 
People who live close to flare stations have reported experiencing a number of health issues. For example, [61] found that residents of areas with gas flare stacks have a 1.75 higher chance of having hypertension than residents of communities farther away. This implies that there is a high probability that the cause of hypertension for people living around gas flare zones in Nigeria is attributed to consistent inhaling of toxic pollutants from flaring of gas. However, the World Health Organization declared ambient air pollution a global public health emergency in 2016 after it was responsible for over 4.2 million deaths, and in 2019, 99% of the world's populace reside in places where air quality was over WHO standards [62]. A UN report linked gas flare-ups in Ogonilands (a community within Niger Delta in Nigeria) to metabolic problems such as diabetes and heart disease [63]. Additionally, children have experienced skin problems, lung damage, and abnormalities [42]. This deeply explains the nature of health conditions people living around such region are suffering from. 
[image: ]Fig. 1: Gas Flaring [5][64]
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Fig. 2: Gas Flaring [39]
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Figure 3: Closed ground flares [97]
4. Consequences of Non-Gas Utilization on Socio-Economic Wellbeing
Natural gas underutilization causes economic underdevelopment because of energy shortages that impede economic growth and industrial productivity.  According to Oyedepo [65], the underutilization of available gas resources engenders frequent power outages and lowers industrial productivity, which contributes to energy poverty in many developing nations, including Nigeria. Nevertheless, the absence of effective gas-based power generation leads to a greater dependence on expensive and ecologically damaging alternatives like coal and diesel.
In the energy sector, job creation is limited by the underutilization of gas resources.  Industries that rely on natural gas, like manufacturing, fertilizers, and petrochemicals, create a significant number of job possibilities.  Ologunla. [66] pointed out that Nigeria's incapacity to utilize its vast gas reserves has hindered the creation of jobs in vital industries, hence intensifying unemployment and social inequality.  Businesses with high production costs that depend on pricey energy sources are less competitive in international markets.  The underutilization of natural gas has resulted in high manufacturing costs, which reduces the competitiveness of locally produced commodities in many African economies, according to [67].  By using gas, energy might become more affordable and reliable, lowering industrial costs and increasing economic diversification.
Gas flaring is one way that non-use of natural gas contributes to environmental problems.  Greenhouse gases including CO2 and CH4 are released during gas flaring, which contributes to pollution and climate change [68-69] [133]. According to [70], the failure to utilize associated gas in Nigeria has led to severe air pollution, soil degradation, and detrimental health effects, notably in the Niger Delta region.  The prevalence of cancer, respiratory illnesses, and other health issues is raised by air pollution from unutilized gas flaring.  According to [43][71] long-term exposure to harmful emissions causes a high prevalence of asthma, lung infections, and cardiovascular disorders in communities close to gas-flaring sites.  Underutilization of gas makes public health emergencies worse, resulting in higher medical expenses and shorter life expectancies.
Potential government income is lost when gas resources are not used.  Large gas reserves could provide a significant amount of revenue for a nation through both domestic use and exports.  Nigeria loses billions of dollars every year as a result of gas flaring and inadequate infrastructure for gas commercialization, as asserted by [72].  National budgets are impacted by this loss, which reduces funding for infrastructure and social services.  Communities that produce gas frequently experience environmental risks without reaping the benefits of gas use initiatives.  Sociopolitical instability results from this, as is evident in Nigeria's Niger Delta.  According to [73], a lack of funding for gas utilization projects denies local communities work possibilities, which fuels social unrest and conflict.
A direct impact on agricultural output is caused by gas flaring and environmental contamination from non-gas use.  Nwankwo and Ogagarue's [74] research shows that gas flaring causes acidic rain, which destroys farmlands, lowers soil fertility, and impacts crop production.  Food security is thus jeopardized, which raises food costs and puts local farmers in a difficult financial situation.  
Goal No. 7 of the Sustainable Development Goals (SDGs), which states that "all people must have access to affordable, clean energy that is reliable, sustainable, and modern," requires the implementation of an energy conservation policy that reduces or completely eradicates destructive and wasteful consumption practices, such as associated gas flaring. [75] highlighted how connected gas flaring causes air pollution. The influence of gas flaring's black carbon emissions on the environment and its inhabitants was the main subject of their investigation. In order to improve the environment and human well-being, [76] suggested implementing the Sustainable Development Goals, which include decreasing gas flaring.
According to [77], using associated gas instead of flaring can result in an annual net benefit of $2.68 billion. According to their research, releasing associated gas to the atmosphere is a significant economic waste of natural resources. Liquefaction and the manufacturing of lLPG exhibit a high rate of return on investment for many scenarios, according to the study of [78], who carried out an economic evaluation of three technical techniques for the recovery and exploitation of flared gas. 
Each emitting nation has a different actual, rather than ideal, explanation for the ongoing predominance of associated gas flaring, according to [79]. A few of the real causes are the country's gas fields' location, accessibility, market structure, infrastructure, institutional capability, governance, and regulations. There are many different specific institutional, geographic, and economic factors that contribute to related gas flaring. 
Willyard [80] emphasized the legal and political developments that provide petroleum industries with the justification to flare natural gas. These platforms comprise, but are not limited to, Texas Statewide Rule 32, which changed the approach from closing down violators to imposing monetary penalties; additionally, the practice has been supported by economic incentives and legal opportunities since the shale oil boom. The study suggested that in order to reduce waste, businesses should be encouraged to invest in the infrastructure and technology required to gather, store, and use natural gas. [81] found that flaring is the least expensive option for oil and gas corporations where infrastructure is weak or there is little domestic demand for associated gas. Their analysis focused on southern cone countries in Latin America.
According to [82], ratifying the Kyoto Protocol and making major adjustments to the government's current policies and practices regarding the production and processing of oil and gas while taking the environmental impact into consideration are two potential remedies. According to the World Bank, inconsistent data and governments' and corporations' underestimations of the real amount of gas flared are major obstacles to the global effort to monitor flaring reduction efforts [83].
Orji [84] investigated the legislative and policy frameworks in Nigeria intended to improve gas usage and re-inject undesirable related gas while decreasing gas flaring. The lack of compelling incentives to entice oil producing corporations to invest in gas re-injection or utilization facilities was one of the study's main findings. In their empirical study, [85-86] proposed that the use and consumption of natural gas significantly boosts Iran's economic production. Therefore, there is a one-way causal relationship between economic production and gas use.  In order to reach greenhouse gas mitigation targets, [87] suggested using associated gas as a significant strategy to reduce gas flaring after analyzing the three types of flaring (transportation facilities, upstream, and downstream).
Gas utilization is one of the most cost-effective solutions for gas flaring, according to the findings of a 2017 study by [88] on the economic evaluation and recovery of flare gas. Using a two-way hurdle regression model, [89] examined the venting and flaring practices of the majority of Texas's oil and gas production facilities. The results of the investigation demonstrated a constant correlation between massive oil output and flaring methods. This result was consistent with the gas flare investigation by [90] and the trend in Nigerian data from 1970 to 2010. 
Fisher and Wooster's [90] study also shows that, for the majority of countries except the US, the number of flaring sites are trending downward. Although Nigeria has shown a significant decrease in gas flaring between 1970 and 2000—nearly a 50% decrease—it is still one of the top ten nations in the world for flares of associated gas, which cost roughly $1.1 billion in 2019 alone and could have significantly helped the nation's crippling infrastructure deficit. Despite Nigeria's 1984 ban on gas flaring, the law's execution has been dreadfully inefficient, with deadlines often missed [91-92]. 
Nigeria had set a 2020 target for zero gas flares, however it was never implemented. Clarity regarding who is responsible for gas re-injection expenses is one apparent weakness in the Associated Gas Re-Injection Act. The Act's effective execution is further hampered by the insufficiency of the penalties for noncompliance. For example, oil corporations prefer to avoid complying with the phase-out of gas flaring rather than pay the Act's egregiously insufficient monetary penalty for continuing gas flaring [93]. 
Okoro et al. [79] claimed that strategies in many nations are frequently interconnected and reliant on the resources that are readily available, like hydrocarbons and mineral deposits. Despite Nigeria's projected gas potentials, anecdotal and empirical evidence indicate that the potentials have not been fully utilized at the level of resource endowment. In the majority of emerging economies with high levels of resource endowment, a significant amount of gas flaring has been promoted by the failure to optimize prospective gas reserves and determine the economic impact of waste or underutilization. 
The consequences of gas flaring on the economy, human health, and environment are undeniable. Given that natural gas can be a significant source of foreign cash, there is a business rationale for its appropriate exploitation and use [94]. When it comes to associated gas conservation and utilization, Nigeria lags well behind other oil-producing nations like Norway. In the end, flaring is caused by a variety of locally driven topographical, economic, and institutional reasons. Establishing a trade-off between these gas flaring factors and their consequences on the economy is necessary in order to investigate and classify the chosen drivers of gas flaring based on empirical evidence [79]. According to World Bank [83] in its estimates in 2020, the amount of gas flared globally is equal to about one-third of the gas consumed by the European Union, which is enough to raise economic concerns.
The primary cause of flaring, according to [95], is exploitative methods that are not sustainable combined alongside unavailable infrastructure for gas utilization. Other scholars have also discovered additional features, which are into commercial, technological, and economic concerns [96]. However, knowing the economic effects and sustainability of gas use will aid in creating important policy goals for long-term, sustainable economic growth [79]
5. Theoretical Frameworks for Gas Flaring in Nigeria
This study explored Sustainable Development Theory (SDT), which was propounded from the report of Brundtland in 1987 at the end of Stockholm Conference on Human Environment in 1972 and Resource Curse Theory, which was advocated for, from 1970 to 1990, although it was first used in 1993 [98]
Sustainable Development Theory (SDT)
SDT is relevant to this study because it highlights the necessity for governments to ensure sustainability in the use of their abundant extractive resources by updating their anti-gas-flaring legislation to comply with 21st-century anti-gas-flaring legislation in the concerned countries. Failure to do so could have detrimental effects on Nigeria's economy. Clean energy and the transition to low-carbon energy sources would help Nigeria's present and future generations satisfy their energy needs and promote socioeconomic growth [99]. In Nigeria, the effects of pollution on marginalized populations and the potential benefits of foreign direct investment, wise government policies, or energy security for polluted, underprivileged, marginalized, and even mono-industrial areas are noteworthy. In various case studies around the world, these have been extensively discussed [100-101], and African nations could adopt such a strategy [102], particularly to address gas flaring in Nigeria's Niger Delta regions, especially in those where the impoverished or marginalized reside
Resource Curse Theory
For Resource Curse Theory (also known as the Paradox of Plenty) Richard Auty was the first to initiate the idea in 1993, emphasizing that nations with excess mineral resources struggle to employ these resources to boost their economies. According to the Natural Resources Governance Institute (2015), the theory is justified by highlighting the shortcomings of numerous countries endowed with abundant natural resources but failing to provide infrastructure and ensure the welfare of their populace. The study is supported by the theory, which emphasizes the need to guarantee that the populace makes the most of the wealth of natural resources by providing steady power and other necessary social amenities in proportion to the money these resources create [103]. The two theories supported this study by highlighting the significance of sustainability, in addressing health and socioeconomic wellbeing of citizens in Nigeria's energy sector and by developing policies that can counteract gas flaring and its detrimental impacts on the nation.
6. Legal Framework and Policy on Gas Flaring in Nigeria
This section discussed legal frameworks and policy that regulate gas flaring activities in Nigeria.
Associated Gas Reinjection (Continued Flaring of Gas 1984) Regulation
The goal of this regulation is to re-inject any gas generated in relation to oil that isn't used in an industrial endeavor. In addition to repairing and restoring the reservoir where gas is flared, defaulters are required to forfeit any concessions given in the field where gas is flared [112]. The Act permitted restricted exemptions from flaring in other circumstances. The Associated Gas Reinjection Act's section 3(2) outlines the conditions under which a certificate for the continuous flaring of gas must be granted. 
The regulations allow gas flaring if more than 75% of the gas produced is used or conserved efficiently, if more than 15% of the gas produced contains impurities that render it unsuitable for industrial use, or if an ongoing utilization program is interrupted for no more than three months because of equipment failure, or if the field's gas-to-oil ratio is less than 3500 SCF/bbl and the daily gas production ratio is less than 50,000 SCF/KM from the nearest gas line or potential utilization point. Therefore, unless the Minister thinks it appropriate, technically speaking, re-injecting the gas in that field is not recommended. [98].
One disadvantage of the Act is that it charges a fine of two kobo for every 1000 SCF of gas that is flared in a location where the Act does not authorize flares. For every 1000 SCF of gas, this fee was increased to 50 kobo in 1990 and then to NGN 10 (USD 0.02) in 1998. However, in 2008, the fine was raised to NGN 3.50 (USD 1452.92) for every 1000 SCF of gas that was flared. Considering the fact that this fine was so little, industries chose to pay it instead of putting a halt to gas flaring [113].
However, in 1992, the Association Gas Framework Agreement (AGFA) was introduced, significantly amending this Act.  In 2010, the Associated Gas Reinjection Act was amended by the National Assembly and introduced as the Associated Gas Reinjection Amendment Act of 2010. The amendment's section 3(1) established a deadline of December 31, 2012, for the reduction of gas flaring in section 3(2). Nevertheless, it also added a new provision that permitted companies to keep flaring gas in return for a short-term gas flaring cost of USD 5.00 (NGN 7,500) per 1000 SCF of gas flared under section 3(2)(b). Unfortunately, the clause seemed to be more preferred by industries, since seeking for a way to abate flaring will be expensive for them. Nevertheless, no information that is accessible to the public attests to the fact that this amendment was ratified. Later, the Associated Gas Re-Injection Act and other previous legislation were repealed by the Petroleum Industry Act (PIA), which was passed in August 2021. This implies that at the enactment of PIA, any amendment projected in 2010 became outdated.
The Nigeria Gas Flare Commercialization Programme 2017
This initiative aims to reduce the detrimental effects of gas flaring on Nigerian society and the environment in order to prevent the waste of natural resources, safeguard the environment, and generate social and economic advantages from gas or captured gas [112]. It is mandatory to purchase all gas designated for flaring without incurring any expenses, and the gas must be offered at a reasonable auction.  Accessing the flare site and removing flared gas requires a permit or license. The fine for failure to comply with regulations is USD 2 (NGN 3,000) per thousand SCF for the production of 10,000 barrels of oil. 
Also, not been able to provide accurate flare figures, to give access to the flare site and complete the Connection Agreement will result in an additional penalty of USD 2.50 (NGN 3,750) per CF. Nevertheless, one issue impeding the effectiveness of the government's anti-gas-flaring legislation and regulations is their lax implementation, which results from a lack of political will. This implies that strong determination by government in ensuring the implementation of this agreement will go a long way in safeguarding compliance by the erring parties.


The National Gas Policy 2017
The National Gas Policy, which expanded the 7 Big Wins initiative's policy strategies, was adopted by Nigeria's cabinet on June 28, 2017.  By boosting gas exploration, installations, and infrastructure investment, the policy seeks to lessen Nigeria's dependency on crude oil. Nigeria may also be able to upgrade its aging electrical grid, thereby putting the need for domestic gas demand first. However, it is important to keep in mind that the domestic gas duty depends on infrastructure availability, a well-defined pricing strategy, and the development of institutional capacity.  Additionally, the National Gas Company will be unbundled by the system.
Separating gas ownership and transferring titles is another goal of this policy.  By doing this, point-to-point gas transportation agreements would be clear and efficient, and third parties would have flexibility in access, which means they are welcome. A policy must be established to this effect, and the policy's main driver will be the completion of the network code, in order to implement a market-driven wholesale gas policy.
For instance, low transmission network utilization rates, high consumer costs, and delayed pipeline network construction are all results of China's vertically integrated natural gas transmission operation system. However, this form of integration is peculiar to countries whose institutions are weak, such as Nigeria. Vertical integration is higher in companies that have strong political connections. Firms that are vertically integrated and have no political inclinations are noted for improved economic performance [114]. Also, notable per capita GDP level advancement is usually linked to vertically integrated firms without any politically affiliation, while vertically integrated companies with political connections are not related to local economic performance [115].
7. Ethical Implication of Gas Flaring in Nigeria
The detrimental effects of flaring gas in the atmosphere, human health, and economic well-being in Nigeria, especially in the Niger Delta region, raise serious ethical questions.  The ongoing practice calls into question with serious concerns on corporate responsibility, government accountability, and environmental justice. However, the vital ethical concerns are listed below;

Abuse of Right to a Healthy Environment violation
Hazardous pollutants like SO2, NO2, and NOX are usually emitted during gas flaring, and these emissions adds to acid rain, air pollution, and climate change.  According to Obi et al., [116]; Wu [117] local populations' fundamental right to a clean and healthy environment is violated when they are exposed to hazardous emissions. Nevertheless, ethical governance mandates that both the government and oil firms accept responsibilities towards safeguarding environmental sustainability. Also, the Universal Declaration of Human Rights (UDHR) and the African Charter on Human and Peoples' Rights both recognize that gas flaring is a moral transgression of the fundamental right to a clean and safe environment.
Violations of Human Rights and Public Health
Communities that live near to flaring sites are more likely to experience respiratory illnesses, cancer, and other health issues [118]. The inability to advert these health risks raises ethical questions regarding the right to health care and negligence. However, it is the ethical duty of the government and large corporations to control pollution and provide impacted populations with quality healthcare interventions.
Socioeconomic Disparities and Environmental Justice
Food insecurity and economic hardship result from the devastation of farmlands and water bodies caused by gas flaring, which disproportionately impacts low-income populations, especially rural and indigenous groups who rely on agriculture and fishing for their livelihoods [119]. In order to resolve these discrepancies, ethical governance should guarantee equitable remuneration, programs for economic empowerment, and community development projects. 
Corporate Social Responsibility and Accountability
Weak regulatory enforcement permits multinational oil firms operational in Nigeria to continue gas flaring without facing serious repercussions, despite their moral obligation to uphold corporate social responsibility (CSR) standards by implementing sustainable environmental practices [120-121]. This implies that oil companies must invest in gas utilization technologies, support local development initiatives, and adhere to environmental regulations as part of ethical business practices.
Policy Failures and Government Negligence
Gas flaring continues despite a number of legislative frameworks, such as the Petroleum Industry Act (2021) and the Associated Gas Reinjection Act, because of corruption and ineffective enforcement mechanisms. The inability of government institutions to put effective policies into place raises ethical questions regarding transparency, governance, and the protection of the public interest [122]. However, the government has an ethical obligation to put environmental regulations that protect human life ahead of the financial benefits of producing crude oil.
Global Ethical Responsibility and Climate Change
Nigeria is one of the leading emitters of greenhouse gases linked to gas flaring, which exacerbates climate change worldwide.  Nigeria has an ethical obligation to cut carbon emissions and move toward cleaner energy sources in accordance with international climate agreements like the Paris Accord as a member of the global community [123].
8. Challenges in the Implementation of Gas Laws in Nigeria
In spite of several gas laws and regulations instituted to guide the activities of gas production and reduce environmental, health and economic consequences, there are still some impediments to its implementations. This study therefore enumerates such perceived obstacles below;
Weak Regulatory Oversight and Enforcement
The Nigerian Midstream and Downstream Petroleum Regulatory Authority (NMDPRA) and the Nigerian Upstream Petroleum Regulatory Commission (NUPRC) are two of the several regulatory agencies in Nigeria that are in charge of gas management.  However, insufficient institutional capacity and overlapping functions have resulted in ineffective enforcement [124]. This implies that, the regulating bodies' incapacity to define their specific roles will always lead to weak compliance by oil and gas firms.  



Regulatory Gaps and Legal Loopholes
Despite the fact that the Flare Gas (Prevention of Waste and Pollution) Regulations 2018 and the Petroleum Industry Act (PIA) 2021 were intended to reduce gas flaring, enforcement is still hampered by legal gaps and insufficient sanctions [125]. For instance, because paying of fines is still less expensive than the cost of compliance; several multinational corporations would rather pay them than make investments in gas recovery infrastructure [126].
Financial and Economic Constraints
Oil and Gas firms are deterred from complying due to the high cost of investing in gas infrastructure, such as transportation networks and gas processing facilities [127]. Also, economic volatility and policy uncertainty have made it challenging for the Nigerian government to secure enough private sector investment in gas utilization projects [128].
Political and Corporate Interests
Weak enforcement of gas rules has also been attributed to the influence of influential government figures and dominant oil firms. In most times, it becomes challenging to impose strict sanctions against infractions since some legislators have financial stakes in oil firms [129]. However, political meddling encourages a culture of non-compliance and threatens regulatory independence.
Absence of Infrastructure for Gas Utilization
Flaring becomes more practical alternative for oil firms since Nigeria lacks the necessary infrastructure for capturing and utilizing associated gas. A large amount of produced gas is not utilized due to the gradual development of gas pipelines, storage facilities, and power production units [130]. Also, lack of sustainable domestic market can limit firms in investing in gas utilization.
Lack of Transparency and Corruption
Enforcing gas rules has been severely impacted by corruption in the oil industry and regulatory bodies.  It is simpler for oil corporations to continue flaring gas in spite of legislative bans since certain officials take bribes to ignore infractions [131]. Poor accountability and underreporting are also caused by the opaqueness of gas flare data reporting.
Community and Environmental Concerns
Gas flaring has detrimental effects on the environment and human health, especially those that reside within the Niger Delta region.  However, impacted areas still experience respiratory illnesses, acid rain, and air pollution, due to the lax enforcement of environmental protection legislation [105]. This implies that, not been able to resolve social concerns it has brought, will likely result to resistance from affected communities, thereby complicating regulatory efforts
9. Conclusion and Recommendations
In Nigeria, gas flaring is still a serious concern on the environment and human health, especially in communities within Niger Delta region where oil and gas is produced.  In addition to economic losses and negative health effects on communities where such activities take place, continuous flaring of associated gas has detrimental effects on the ecosystem and climate change.  Even though there are legal frameworks, policies and regulations designed to prevent gas flaring, they are not strictly enforced, which results in ongoing air pollution, acid rain, respiratory illnesses, and decreased agricultural output.  Beyond the immediate health dangers, gas flaring has a socioeconomic impact that includes forced migration, higher poverty rates, and fewer options for farmers and fishermen to make a living, as notable within Niger Delta region.  Stakeholder cooperation, technology development, and policy enforcement must all be used to address these issues. 
However, this study strongly recommends that gas-to-power projects, increase in LNG production, and adoption of CNG as a substitute energy for automobiles should be taken more seriously by both government and private firms; consideration such as reduced tax, should be given to oil and gas firms that adopt sustainable gas utilization practices; tracking pollution levels and reducing health hazards can be achieved by installing air quality monitoring devices in communities impacted by gas flaring; enhancing healthcare facilities and canvassing for awareness should be taken seriously; the communities within Niger Delta region should be made to be part of decision-making regarding oil exploration and management of their environment; in order to assist impacted populations, adequate compensation and corporate social responsibility (CSR) initiatives should be reinforced; Nigeria should advance quickly toward adoption of renewable energy sources like solar, wind, and bioenergy in order to decline its reliance on fossil fuels and minimize the environmental effects of gas flaring at the long run. Above all, researchers should delve more on long-term health and socioeconomic impacts of gas flaring, in order to provide more empirical evidence that can improve policies and other interventions. 
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