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Abstract

:

The study represents the estimation of energy-based CO2 emission and the health risks of workers involved in the shipbreaking industries in Sitakunda, Bangladesh. To calculate the carbon emission (CE) from three shipbreaking activities, i.e., metal gas cutting (GC), diesel fuel (FU) and electricity consumption (EC), we used the Intergovernmental Panel on Climate Change (IPCC) guidelines and Environmental Protection Agency (EPA)’s Emission and Generation Resource Integrated Database (eGRID) emission factors. Moreover, the geographic weighted regression (GWR) model was applied to assess the contribution of influencing factors of CE throughout the sampling points. To assess the workers’ health condition and their perceptions on environmental degradation, a semi-structured questionnaire survey among 118 respondents were performed. The results showed that total CO2 emissions from GC were 0.12 megatons (MT), 11.43 MT, and 41.39 MT for daily, monthly, and yearly respectively, and the values were significantly higher than the surrounding control area. Emissions from the FU were estimated as daily: 0.85 MT, monthly: 1.92 MT, and yearly: 17.91 MT, which were significantly higher than EC. The study also revealed that workers were very susceptible to accidental hazards especially death (91%), and pollution (79%). Environmental consequences and health risks of the workers in shipbreaking industry warrant more attention nationally and internationally at the industry-level.
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1. Introduction


Shipbreaking is a growing industry globally with noted economic importance and concerns on environmental and social justice issues. The industry has grown over the past three decades all over the world, where South Asia, China, South Korea and Turkey have the greatest contribution. Specifically, South Asia accounts for about 70–80% of the international market [1]. Bangladesh, as a well-known maritime nation and one of the largest deltas in the world, with a 710 km long coastline [2,3,4,5], claims to be the second largest among the shipbreaking nations in the world after South Korea [6,7]. Currently, there are about 125 shipyards and workshops throughout the country, mostly located along the coastal belt [8]. Although it took a long time to declare shipbreaking activity as an industry in Bangladesh, the industry plays a significant role in the macro and micro economy of poverty-stricken Bangladesh [9]. The estimated annual turnover of the shipbreaking industry in Bangladesh is about 1.5 billion dollars, which contributes to 0.5% of the total gross domestic product (GDP). Currently, the country needs about 50,000 tons of metals and steels annually. With a great demand for a large amount of metal or steels, shipbreaking yards have become an emerging sector for manufacturing raw materials in Bangladesh. It provides about 60% of the country’s total demand for steel [4,6,8]. Besides the favorable geographic location and network of the coastal zone of the country, abundance of cheap labor and negligent environmental regulations are claimed to be influential factors for the expansion of shipbreaking industries [6].



Despite having great economic prospects, shipbreaking has many environmental concerns, including carbon emissions, discharge of high amounts of disposable materials and toxic substances into surrounding soils and water causing environmental degradation [6,10,11]. Previous studies have identified the adverse environmental impacts and the sustainability of ship-breaking activities [4,9,10,12,13,14,15,16,17,18]. Most of the articles focused on the law and policy, economic impact, impact on health and safety, environmental impact and waste management, life cycle assessment (LCA) and current training process in the yards [19]. Islam and Hossain found toxic ammonia pollution in soil and sea water around the ship scraping areas in Bangladesh. A comprehensive study on shipbreaking industries and their impact on coastal areas of Chittagong was conducted by Hossain and Islam [9]. Several researchers have identified the shipbreaking industry as a potential source of heavy metal pollution, i.e., iron (Fe), manganese (Mn), chromium (Cr), nickel (Ni), zinc (Zn), lead (Pb), cadmium (Cd) and mercury (Hg), which can risk the food chain, causing bioaccumulation and biomagnification [20,21,22,23,24,25]. Not only the heavy metal pollution but also the organic and potential toxic elements’ contamination, such as polycyclic aromatic hydrocarbons (PAHs), short-chain chlorinated paraffins (SCCPs), Dichloro Diphenyl Trichloroethanes (DDTs), hexachlorobenzene (HCB) and polychlorinated biphenyls (PCBs), during ship dismantling were focused in a few studies [26,27]. Besides, solid wastes including paint chips, plastics, glass wool, solid ozone-depleting substances (ODS), asbestos, polyvinyl chloride (PVC), etc., and liquid wastes including volatile organic compounds (VOCs), organic and inorganic liquids, oils (released from hydraulics, engines, lubrication processes and bilges), persistent organic pollutants (POPs), etc., can be released from this activity [28,29].



According to the Intergovernmental Panel on Climate Change (IPCC), CO2 is the largest contributor among the six kinds of greenhouse gas (GHG) and its share of greenhouse effect is about 56%. Investigation of how energy-related CO2 emissions change over time becomes, thus, a major issue in formulating both energy and environmental policies [30,31]. In terms of carbon emission, a recent study [32] revealed the assessment of CO2 emission during all the stages of a ship recycling process. It compared the environmental impacts produced from ship recycled iron scraps with the virgin iron ore and argued that, through the whole life cycle consisting of seven stages, a total of 280 kg CO2 equivalent (eq) can be emitted per ton of rebar used. Among the stages, the study prioritized stage 7, including electricity and natural gas use for further attention to reduce associated environmental impacts [32]. Besides, it showed the impacts on human health during the whole life cycle using the IMPACT 2002+ tool. During all the stages of ship recycling, fuels, i.e., diesel, heavy fuel oil, natural gas and liquefied petroleum gas (LPG), are used. The fuel-based CO2 emission was estimated in several studies using the method provided by the IPCC [33]. On the other hand, the authors of Reference [34] discussed the reduction of CO2 emission utilizing the role of material efficiency.



Apart from the environmental impacts, a large number of laborers working in the shipyards are highly vulnerable to the hazards caused by shipbreaking activities. Over the last 20 years, more than 400 workers were killed and 6000 were seriously injured in Bangladesh shipyards due to uncontrolled shipbreaking activities [35]. Recently, one of the shipbreaking yards of Sitolpur, Sitakunda, experienced two workers’ deaths caused by fire from a gas cylinder [36]. Workers, generally, use handheld blowtorches, cutters and other tools to dismantle decades-old vessels, and they frequently transport the jagged scrap metals with bare hands to recycling sites. Thus, the dismantling process exposes workers to toxic paints, asbestos and hazardous wastes, not to mention burns, cuts and broken bones caused by falls [35,37]. There are several studies which have worked on the workplace hazards and legal regulations in Bangladesh [4,6,23,27]. However, multiple studies have addressed some issues related to the subjectivity of the information provided by the workers [38,39]. They argued that the industry becomes the part of international politics where non-governmental organizations (NGOs) tend to establish unacceptability for unfavorable conditions and the owners focus on the reasons for acceptability.



From the perspectives mentioned above, this study aims to find out the condition of workers by receiving their own opinions on whether they are susceptible to the hazards or not. Besides, this study focuses on the estimation of the energy-based CO2 emission from shipyard activities such as gas cutting, fuel use and the electricity consumption in Sitakunda by following IPCC and Environmental Protection Agency (EPA) guidelines regarding shipbreaking activities in Sitakunda, Bangladesh. Finally, this study uses the geographic weighted regression (GWR) model to explore the heterogeneity of the influencing factors of CO2 emission in the shipyards.




2. Materials and Methods


2.1. Study Area


In Bangladesh, about 20% of the shipbreaking yards are situated in the Chattogram Division [40]. Nearly all of those shipbreaking yards are located in Sitakunda, one of the most important upazila (administrative unit of a district) of the Chattogram district in Bangladesh, as the city grows toward this upazila.



Shipbreaking industries are mainly concentrated in this upazila because of its location near the Bay of Bengal. Sitakunda is located in between 22°22′ and 22°42′ north latitudes and in between 91°34′ and 91°48′ east longitudes, with an area of 483.97 km2. It is surrounded by Mirsharai and Fatikchhari upazilas on the north, Pahartali thana on the south, Fatikchhari and Hathazari upazilas and Panchlaish thana on the east and Sandwip upazila and Sandwip channel on the west [41]. The convenient geographical position and the oblique shape of the Bay of Bengal have facilitated the establishment and flourishing of shipbreaking activities in Sitakunda. Salimpur, Bhatiary, Kumira and Bar Aoulia Unions of Sitakunda upazila accompanied by 7 km of coastline mainly accounted for the shipbreaking industry. This area is now centered on shipbreaking scrap business as well as steel industries (Figure 1).




2.2. Estimation of Energy-Based CO2 Emission


The shipbreaking industry of Bangladesh mostly relies on LPG, oxygen, electricity and diesel to complete their overall metal cutting procedure. In this study, we conducted an extensive yard survey to find out and estimate energy usage of shipbreaking activities. The Bangladeshi LPG Companies, specially named Jamuna Gas/Jamuna Spacetech Joint Venture Limited (Dhaka, Bangladesh), Omera LPG/Omera Petroleum Ltd. (Dhaka, Bangladesh), primarily supply the LPG and oxygen cylinders for the industries. In shipbreaking sites, 12 kg LPG cylinders are preferably used as they are easy to handle for lifting on the ship decks and then into the superstructures. Diesel and electricity power are used for diesel-powered cranes and for illumination purposes, along with fluid removing operations, respectively. To estimate the energy-based CO2 emission from this sector, this study followed the guidelines given by IPCC and used the stoichiometric ratios as the calculation of emissions from LPG and diesel fuel [33,42].


  C  E i t  = ∑ C  E  i j  t  = ∑  E  i j  t  × E  F j  ×  (  1 − C  S j t   )  ×  O j  × M  



(1)




where,   C  E i t    represents total CO2 emission in year t (in tons, t),   ∑ C  E  i j  t    represents the total CO2 emission of the i sector in year t,   ∑  E  i j  t    represents total energy consumption of the i sector in year t (TJ),   E  F j    represents the carbon emission factor of the j fuel (tC/TJ),   C  S j t    represents the fraction of the jth fuel that is not oxidized as raw materials in year t,    O j    represents the fraction of carbon oxidized based on fuel type j and  M  represents the molecular weight ratio of carbon dioxide to carbon (44/12).



The carbon emission factors (EFs) and the fraction of carbon oxidized (FCO) are given in Table 1. As fuel is used as a raw material for the manufacturing of products, it was excluded from the total energy consumption in this paper. These values were assumed to be constant over the time period of the study. We used Equation (1) to calculate CO2 emission from gas cutter and diesel fuel only.



However, to calculate the carbon emission from electricity consumption, we used the US EPA’s GRID emission factors [43], where the standard for daily CO2 emission from 1 kw is 0.0005925 metric tons (MT). Fifteen shipyards had been visited to collect their activity information on the basis of permission from respective authorities to get the required data for CO2 emission calculation. To compare the CO2 emission results of the shipbreaking area, a non-shipbreaking yard area’s emission was considered as a control emission. For calculating the control value, 54 respondents were interviewed from the non-shipbreaking yard area and they were asked about their consumption of fuel, gas and electricity in their daily life. The average value of the 54 responses gave each of the single control values for gas, fuel and electricity.



For mapping the spatial distribution of carbon emission in study areas, point-based interpolation methods, namely the inverse distance weighted (IDW) technique and geographical information systems (GIS), were applied. The main formula followed in the IDW method is given as Equation (2):


   B p  =    ∑  i = 1  N   w i   B i     ∑  i = 1  N   w i     



(2)




where, Bp means the unknown number of carbon emission, Bi means the number of known points, N means the amount of data points and wi means the weighting of each point. Weights can be calculated as a function of the distance between the reference and interpolation points (Equations (3) and (4)):


   w i  =  1   d i k     



(3)






   d i  =      (   x 1  −  x 2   )   2  +    (   y 1  −  y 2   )   2     



(4)




where di is the horizontal distance between the interpolation point (x1, y1) and the reference points (x2, y2), k is the power of the distance and i = 1, 2, 3, …, n [44,45,46]. To run the spatial interpolation process, this study used ArcGIS 10.3 (ESRI, Boston, CA, USA).




2.3. Geographic Weighted Regression (GWR) Model


GWR uses the coordinates of the samples and utilizes the local weighted least square method to assess the parameters, which is an advanced version of the general linear regression model. This model can be expressed as in the following Equation (Equation (5)) given by Reference [47]:


   y i  =  β 0   (   u i  ,    v i   )  +  ∑ k   β j   (   u i  ,  v i   )   x  i j   + ϵ  



(5)




where,    y i    = calculated CO2 emissions of shipyards,    x i    = explanatory factors which were gas cutter, fuel use and electricity consumption,    β i    = parameters to be estimated, k = effective number of independent variables,  ϵ  = random error and    β j   (   u i  ,  v i   )    = j regression parameter at the i sampling point, and is a function of the geographical coordinates which can be estimated by the following Equation:


   β j   (   u i  ,  v i   )  =    [   X T  W  (   u i  ,  v i   )  X  ]    − 1    X T  W  (   u i  ,  v i   )  Y  



(6)




where,   W  (   u i  ,  v i   )     = weighting matrix, which can be determined by the Gaussian kernel function (GKF). The GKF can be written as follows:


   w  i j   = e x p  (  −    (     d  i j    b   )   2   )   



(7)




where, dij = distance between observation i and j, and b = kernel bandwidth. To implement the GWR model, the study used the ‘spgwr’ package from R 3.6.3 working station (R core team) [48]. To run the model, it is compulsory to know about the spatial autocorrelation among the sample points. Therefore, before running this model, Moran’s I spatial autocorrelation was examined. In this study, this method was chosen to investigate the spatial correlation of CO2 emission among the sample points. The equation of Moran’s I is given below:


  M o r a  n ′  s   I =    ∑  i = 1  n   ∑  j = 1  n   W  i j    (   y i  −  y ¯   )   (   y j  −  y ¯   )     1 n   ∑  i = 1  n     (   y i  −  y ¯   )   2   ∑  i = 1  n   ∑  j = 1  n   W  i j      



(8)




where,    W  i j     = spatial weight matrix estimated by the Gaussian function, yi = observation of the i union, yj = observation of the j union and   y ¯   = mean emission of all unions. To calculate the Moran’s I, the study used the ‘ape’ package from R3.6.3 working station [49].




2.4. Assessment of Workers’ Condition and Environmental Consequences


This study investigated the effects of shipyard activities on the workers along with environmental consequences. It drew ethnographic research carried out in the 15 shipyards of Sitakunda between 2 October 2018 and 30 November 2018. In-person questionnaire interviews with participants’ observations were the main methods used in this study. These techniques enabled the collection of quantitative and qualitative data eliciting responses from 118 workers and staff, including cutter mens’ (50%), loaders’ (17%) and managers’ (33%) views on shipbreaking activities. The respondents were asked to assess their perception of environmental consequences from shipyard activities and the perceived impacts of this on a range of their livelihood parameters. All the interviews were conducted using local language with older, middle-aged and young men and women covering all groups of laborers working in shipyards. Since there is an issue of biasness of the responses from the workers directly or indirectly forced by yard owners, it should be noted that the first author of this study was a local and a citizen of Bangladesh, which was the key to get secure access to the yards, and thus the author interviewed the workers undercover with the assistance of the Department of Environmental Science and Disaster Management of Noakhali Science and Technology University. The mixed quantitative and qualitative methods employed in the study enabled findings to be triangulated and robust results to be drawn. Moreover, these complementary methods allowed to explore the issues and problems related to shipping yard activities. Section 3.3 reports the findings of the analysis from the perception of the respondents.





3. Results


3.1. Calculation of Energy-Based CO2 Emission


The CO2 emission from energy-related activities was estimated daily, monthly and yearly from the guidelines of IPCC 1995 and US EPA 2012 (Table 2). The study used IPCC guidelines for calculating the emission of CO2 from gas cutter and fuel use, whereas EPA guidelines were used for energy consumption. On average, shipyards used 20–30 gas cutters daily for metal cutting purposes. In general, use of gas cutters is dependent on the size and capacity of shipyards. Among the shipyards, Yard number (No.) 10 used the most gas cutters (35), whereas Yard No. 8 used the least (20). In terms of using gas cutters, the highest and lowest emitters of CO2 were Yard No. 10 (0.011305 MT) and Yard No. 8 (0.0048MT), respectively. In shipbreaking yards, in general, use of fuel oil is very limited as it is managed to arrange work in short distances. Though little diesel fuel is used in crane work purposes, an amount of 0.04867725 MT CO2 was emitted from fuel use daily. Unlike using gas cutters and fuel, emission of CO2 from energy consumption was lower (0.00236075 MT daily). Mainly, the electricity uses considered in this study were only for gas cutting procedures and fluid transportation (Table 2). CO2 emission from gas cutters, fuel use, electricity consumption and control value (0.00034 for gas cutter, 0.0001 for fuel use and 0.0055 for power consumption on a daily basis) were in the range 0.00796 ± 0.00166, 0.00324 ± 0.001623, 0.00015 ± 0.00012 and 0.05643 ± 0.02361 respectively, suggesting that CO2 emission from gas cutter and diesel was not desirable, whereas the emission from electricity consumption was lower. Emission from diesel was significantly different from the control value. Shipbreaking yards generally use lower amounts of diesel because their crane or other diesel-related transports do not cross long distances into the yard area. But, this study found a good rate of CO2 emission from diesel use.



As for shipbreaking purposes, electricity consumption was less, and this might be a major reason for showing no significance compared with the control value, where the control was considered as having multiple uses of electricity. CO2 emission from gas cutters was significantly different from the control value, and this might be due to the use of excess amounts of gas cutters in a day. Daily emissions from gas cutters and diesel were significant contributors to CO2 in the surrounding environment (Figure 2a).



Like daily emission, Yard No. 10 and 8 were the highest and lowest emitters of CO2 on a monthly and yearly basis. This study found that CO2 emissions from gas cutters, fuel use, electricity consumption and control value were in the range 0.07622 ± 0.11108, 0.09949 ± 0.04586, 0.00469 ± 0.00360 and 1.69 ± 0.700214 for monthly, and 2.75971 ± 0.89366, 1.19394 ± 0.55039, 0.055076 ± 0.01469 and 20.33333 ± 8.50490 for yearly, respectively. It should be noted that the control values of the gas cutter, diesel and energy consumption were 0.00067, 0.0003 and 0.67 for monthly and 0.00079, 0.0004 and 2 for yearly, respectively. From Table 2 and Figure 2, the study revealed that gas cutter and fuel use were the main contributors to CO2 emission from shipbreaking activities. In general, 40 days are needed for fully dismantling a ship. Therefore, according to the calculation, the study found that a ship yields, in total, CO2 of 0.5814 MT for the whole cutting procedure. To count the overall ship-wise emission of CO2, the study calculated 360 days and 25 gas cutters for finding out the yearly emission. The study found that 2.907 MT CO2 were emitted yearly for ship dismantling only (Figure 2d).



Figure 3 represents the spatial distribution of yearly CO2 emission (MT) throughout the shipyards. It showed the overall carbon emission scenario from different shipyards. ArcGIS ordinary inverse distance weighted interpolation was done to visualize the spatial distribution of yearly emission. It was observed that the eastern part of the region has more emission (>5.1 MT per year) from shipyards, especially in Sonaichari. However, some shipyards in Sitolpur showed lower emission (~1 MT per year). This area is adjacent to the Bay of Bengal. Shipyards from Bhatiyari and Kumira had average emissions compared to other areas in Sitakunda.




3.2. GWR Model


Before using the GWR model, spatial correlation should be investigated. Therefore, first, Moran’s I was examined among the unions of Sitakunda. The Moran’s I value for this study in 2019 was 0.0954, which indicates that the CO2 emissions from the shipyards in different unions have spatial correlation. The Moran’s I value is between −1 and 1. If this value > 0, it represents a positive correlation with similar characteristics in the geospatial distribution in one area [47]. The value of Moran’s I, therefore, provides the theoretical employment of the GWR model. The purpose of implementing the GWR model lay in exploring the heterogeneity of the independent variables or influencing factors of CO2 emission in the shipyards of Sitakunda. A summary of the GWR model with estimated coefficients is represented in Table 3. To compare the performance of the GWR model, the ordinary least square (OLS) method was examined. The GWR model outperformed the OLS method. The performance of the model was evaluated by the value of R2. The R2 value of GWR was 0.59, whereas, when we tested the OLS method for comparison, we found an R2 value of 0.51. The residual sum of squares of GWR was 0.004. From Table 3, it is clear that gas cutters have a significant contribution in carbon emission (p value < 0.05).




3.3. Assesment of Workers’ Condition


The open-ended survey interviews of shipbreaking yard workers and staff found that a large number of participants working in shipbreaking operations are unaware of the laws and policy interventions. To assess the overall condition of the workers, the study emphasized the opinions and the perceptions of the respondents on hazards and environmental consequences related to shipbreaking activities. The survey respondents represented a fairly young portion of the workers, with more than half (56%) of all those filling in the questionnaires between the ages of 12 and 30 years. The rest of them were between 31 and 50 years. The study finds that the young labor force was dominant in this sector and also indicated that a less experienced and untrained labor force was working on a large scale due to poverty. The sex ratio was not evenly split as one hundred percent of the respondents questioned throughout the study were male. Besides, no female workers were involved in shipbreaking activities during the study period. The following sections demonstrate the perceptions of workers on accidents and hazards, environmental pollution and consequences during shipbreaking activities. Shipbuilding and shipbreaking activities are extensively linked with numerous workplace risks and potential negative environmental consequences. This study categorized the hazards into three parts, i.e., accidental or workplace hazards, environmental hazards and health hazards. Figure 4 represents the perceptions of the workers working in shipyards on different hazards they were likely to face. The following sections will provide an overview based on their perceptions.



3.3.1. Accidental Hazards


According to the survey findings, consent about using protection materials was 100%, and proved that most of the workers use at least one type of protection material while working. The majority of workers (84%) used gumboots and 76% used helmets as protection materials. The shipbreaking industry is one of the riskier businesses and workers need maximum levels of protection. Helmets and gumboots were widely used as the protection materials, and they were often provided by the yard, which was largely the main reason for using them. Gloves and goggles were not widely used by workers and these were not provided in all of the yards. The ear pad is a much-needed equipment in this sector but surprisingly, the study did not find any use of this protection material. Despite using protection materials, workers were susceptible to accidental hazards. Almost all the respondents (91%) believed that they were susceptible to death during shipbreaking activities. The survey also showed that the workers were vulnerable to head injury, deterioration, deafness and permanent loss of vision (Figure 4). Depending on the opinion of the survey respondents, there were 1092 people who encountered accidents in 2018, which was down from 2669 people in 2017.




3.3.2. Environmental Hazards


The study categorized the environmental hazards into two parts, i.e., environmental pollution and negative consequences on the environment during shipbreaking activities. Figure 4 shows that the majority of respondents (79%) pointed out sound pollution as the main pollution they faced. A significant portion of respondents were concerned about water and air pollution. However, they were not very concerned about soil pollution, though a large portion of heavy metal was discharged into the soil near shipyards. Respondents also expressed their opinion about the environmental degradation due to the shipbreaking activities. The majority of the respondents (69%) perceived deforestation as the major environmental consequence. However, most of them were not concerned about ecosystem imbalance. On the other hand, almost equal portions of respondents expressed their opinion on agricultural disruption (58%) and biodiversity loss (52%) (Figure 4).




3.3.3. Health Hazards


This study surveyed the possible health problems associated with shipbreaking activities among the workers. Moreover, it focused on the medical facilities in shipyards, as handling of toxic substances during shipbreaking activities can cause serious health problems to the workers. The majority of the respondents (71%) marked back pain as their main health problem. Besides back pain, another major health issue the workers (64%) suffered from most was dermal problems. However, a small portion (10%) of respondents were concerned about psychological disorders (Figure 4). Almost all the respondents were provided medical facilities when any accidental hazards took place. The study found that about 91% of the respondents got free medicines and 83% were provided free diagnoses from the shipyard authorities. Though they were provided medical facilities from the shipyards, about 20% of them were not satisfied with it.






4. Discussion


The shipbreaking industry is recognized as the green industry and it is directly or indirectly related to the blue economy of Bangladesh [8]. Although there is a great economic prospect, the industry may have many negative consequences. This industry is a great source of heavy metal pollution, organic contaminants and toxic elements, that creates both sea and groundwater pollution [20,21,22,23,24,25,26,27,28,40,50]. Moreover, it plays a significant role in emitting CO2 to the environment. This study, therefore, tried to reveal an estimation of the energy-based CO2 emission due to the three activities, i.e., gas cutting, fuel use and the consumption of electricity in shipbreaking yards. We found from this study that gas cutter and fuel use had the most influential contributions to CO2 emission. They contribute about 2.907 MT CO2 yearly for ship dismantling only. Only three activities were considered to illustrate the fuel-based carbon emissions from the all the stages of the life cycle of ship recycling yards. The fuel-based carbon emissions were also discussed in Reference [33], which was conducted in China. In contrast, Rahman et al. addressed the LCA and associated global warming potential (CO2 eq) results from the secondary rebar production in the shipbreaking yards in Bangladesh [32]. Moreover, another study [51] mentioned that the harmful impact per light displacement ton (LDT) was 400 kg CO2eq during open beach breaking of ships. Comparing to studies like References [30] and [52] conducted in China, this study could be improved using a more comprehensive method to calculate the carbon emission from shipbreaking activities. Therefore, the study should be continued to analyze the trend of Bangladesh’s shipbreaking carbon emissions.



We further implemented the GWR model which showed heterogeneity of the independent variables of carbon emission in the shipyards of Sitakunda and performed better than the OLS model. However, the R2 value (0.59) we found from our study was relatively low compared to the other studies [53,54]. This was because of using only three influencing factors of C emission. In future, therefore, we recommend examining sensitivity analysis to develop this econometric model in other parts of the country where shipbreaking activities are performed. Moreover, another reason for the low R2 value was that we could not use the real data of emissions because the yard managers were not willing to share the real data of emissions and electricity consumption. Among all the unions in Sitakunda, the study revealed that Sonaichari was the most affected by shipbreaking activities, which was due to having a high number of shipbreaking yards in Sonaichari.



The third part of the study was the questionnaire survey among the 118 workers and officials of the shipbreaking yards to assess the workers’ condition and their perception on environmental pollution. Though the interview was done undercover, we found some limitations, i.e., some of the workers were forbidden to cooperate and feared losing their jobs. The limitations of conducting interviews were also elaborately demonstrated in References [38,39,55]. Since the start of the 21st century, about 28 studies were conducted on occupational health and safety [19]. Our study found that the workers are mostly vulnerable to death and head injury from accidental hazards. Besides, physical and dermal problems were the most frequent health hazard they likely faced during the shipbreaking activities. It should be noted that the study did not collect the data of controlled non-shipping activities for comparison, which was one of the drawbacks of this study. A study [37] argued that the plate cutting from cargo vessels causes serious fire hazards which could pose a high risk to the workers. Beside these minor and major risks, it was found in a recent study [56] that the workers who are exposed to asbestos are vulnerable to gastric and renal cancers. This indicates that the workers of shipbreaking industries are highly susceptible to these cancers. Moreover, the authors of Reference [57] reported that the key health hazards workers were likely to face were muscle pain (87%), impaired eyesight (72%), breathing difficulty (52%), gastric problems (81%), skin diseases (56%) and other infections (28%), which were quite similar to the findings of this study. Besides, risk of head injury and deterioration were also at a high rate, because workers have to work at certain levels of height on a ship and falling from that height could cause severe injuries. In these yards, a high level of noise pollution occurred that might lead to deafness. Another study [8] revealed that the reason behind these health hazards is workers not using personal protective equipment when they handle explosive substances. From the open interview with the workers, it was clear that most of the workers in shipyards lack adequate hazard awareness, training programs and safety equipment. This issue was also highlighted elaborately in a recent study [19].



Finally, the officials and workers expressed their opinions on environmental pollution which could occur due to shipbreaking activities. This study did not estimate the degree of pollution and negative consequences, but rather it highlighted the views of the respondents. Among the environmental pollution workers were likely to face, sound pollution was an alarming situation. Moreover, air and water pollution were also vulnerable. Oil spilling from the ships and discharge of heavy metals are also a matter of concern in shipbreaking activities and may cause serious contamination of soil. As the shipbreaking industry is one of the successful business sectors in Bangladesh, it does not prove itself as environmentally friendly. Consequences on the environment can be red-marked, as the industry significantly degrades the environment. Serious deforestation has taken place as the shipbreaking business has expanded with time, and forest areas are supposed to be cleared for expansion, which gives a high rate of deforestation.



Although environment-related studies, including this one, tend to highlight the negative environmental impacts, the shipbreaking activity is socio-environmentally desirable when global context is taken into account [58] and an embedded material flow at a national level is considered that supports the national economy [59]. This phenomenon presents a socio-economic dilemma (benefits as well as risks) and thus requires more robust policies so that local-level administrative capacity is increased and national-level cooperation with the shipbreaking association is ensured. Future studies on the rebuilding of local managers’ and owners’ mission and vision, and ways to collaborate with international expertise, may enable improving workers’ safety and financial sustainability.




5. Conclusions


The shipbreaking industry has achieved one of the top positions in the national economy over the passage of time. The advantages of breaking ships are immense in industries such as steel firms, shipbuilding firms, etc. While providing so many advantages, there are some problems caused by the shipbreaking activities, i.e., pollution, workers’ health, waste generation, etc. This paper aimed to find out the energy-based CO2 emissions in the shipbreaking yards that show how significantly it is emitted from this sector. Results showed that yearly emissions from different activities, i.e., gas cutting, electricity use and use of diesel, were 41.395 MT. Moreover, the GWR was applied to explore the contribution of the influencing factors throughout the sampling shipyards. The model suggests that more extensive study is needed considering all the life cycle stages of ship recycling. On the other hand, we conducted a questionnaire survey among all the workers and officials of the shipbreaking yards. Our study revealed that the workers are susceptible to different accidental, environmental and health hazards. In terms of accidental hazards, the workers are extremely vulnerable to death. Moreover, deafness, head injury and deterioration are also common. Health-related problems such as back pain and dermal problems are the two major concerns for workers. Workers of the yards are pushed to face more complex situations like accidents and economic problems, and sometimes, they lose their lives at a tender age. These problems can be kept to a minimum by following international regulations for dumping leftover ship materials. Safety issues and health factors of the workers can be ensured by following some strict rules. Safety gear like goggles, helmets, hand gloves, face masks and aprons should be provided to minimize the casualties. To hold the position in world shipbreaking, Bangladesh needs to upgrade the infrastructure for waste management and health issues of workers.
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Figure 1. Map of Sitakunda showing the shipyards’ locations and the population density of that area (the red dots represent the shipyards). 
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Figure 2. Variations of (a) daily, (b) monthly and (c) yearly CO2 emissions from gas cutters, diesel and electricity consumption in shipbreaking yards (n = 15) compared to the control value (    10  2   ). Bars indicate standard deviation (SD). (d) Ship-wise (n = 9) CO2 emission in a particular time period. Here, GC = gas cutter, FU = fuel use and EC = electricity consumption. 
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Figure 3. Spatial distribution of yearly CO2 emission (metric tons (MT)) throughout the shipyards. 
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Figure 4. Perceptions of the workers working in shipyards on different hazards. 
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Table 1. Carbon emission factor (EF) and fraction of carbon oxidized (FCO) *a.
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	Fuel
	EF (tC/TJ) *b
	FCO
	Fuel
	EF (tC/TJ)
	FCO





	Coal
	25.8
	0.98
	Aviation turbine fuel
	19.5
	0.99



	Soft Coke
	25.8
	0.98
	Diesel oil
	20.2
	0.98



	Natural Gas
	15.3
	0.995
	Light-speed oil
	20.2
	0.99



	LPG
	17.2
	0.995
	High-speed oil
	20.2
	0.99



	Naptha
	20.0
	0.99
	Fuel oil
	20.2
	0.99



	Motor Gasoline
	18.9
	0.99
	Other petroleum
	20.2
	0.99







*a Intergovernmental Panel on Climate Change (IPCC) [42]; *b tC/TJ = carbon emission in ton/terajoule.
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Table 2. Calculation of CO2 emission from 15 shipbreaking yards, daily, monthly and yearly from three shipbreaking activities. i.e., gas cutting (GC), fuel use (FU) and electricity consumption (EC).
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YN

	
Calculated Energy-Based CO2 Emission in Shipyards (MT)




	
Daily

	
Monthly

	
Yearly




	
GC

	
FU

	
EC

	
GC

	
FU

	
EC

	
GC

	
FU

	
EC






	
1

	
0.0081

	
0.0012

	
0.0002

	
0.2423

	
0.0452

	
0.0071

	
2.907

	
0.5427

	
0.0853




	
2

	
0.0097

	
0.0030

	
0.0002

	
0.2907

	
0.0905

	
0.0059

	
3.488

	
1.0854

	
0.0711




	
3

	
0.0081

	
0.0030

	
0.0000

	
0.2423

	
0.0905

	
0.0000

	
2.907

	
1.0854

	
0.0000




	
4

	
0.0081

	
0.0030

	
0.0003

	
0.2423

	
0.0905

	
0.0089

	
2.907

	
1.0854

	
0.1000




	
5

	
0.0065

	
0.0060

	
0.0003

	
0.1938

	
0.1809

	
0.0089

	
2.326

	
2.1708

	
0.1000




	
6

	
0.0097

	
0.0012

	
0.0000

	
0.2907

	
0.0452

	
0.0000

	
3.488

	
0.5427

	
0.0000




	
7

	
0.0081

	
0.0030

	
0.0000

	
0.2423

	
0.0904

	
0.0000

	
2.907

	
1.0854

	
0.0000




	
8

	
0.0048

	
0.0012

	
0.0002

	
0.1454

	
0.0452

	
0.0059

	
0.116

	
0.5427

	
0.0711




	
9

	
0.0065

	
0.0060

	
0.0000

	
0.1938

	
0.1809

	
0.0000

	
2.326

	
2.1708

	
0.0000




	
10

	
0.0113

	
0.0030

	
0.0002

	
0.3392

	
0.0905

	
0.0071

	
4.069

	
1.0854

	
0.08532




	
11

	
0.0065

	
0.0030

	
0.0002

	
0.1938

	
0.0905

	
0.0059

	
2.326

	
1.0854

	
0.0711




	
12

	
0.0065

	
0.0030

	
0.0003

	
0.1938

	
0.0905

	
0.0089

	
2.326

	
1.0854

	
0.1000




	
13

	
0.0081

	
0.0030

	
0.0002

	
0.2423

	
0.0905

	
0.0059

	
2.907

	
1.0854

	
0.0711




	
14

	
0.0081

	
0.0030

	
0.0002

	
0.2423

	
0.0905

	
0.0059

	
2.907

	
1.0854

	
0.0711




	
15

	
0.0096

	
0.0060

	
0.0000

	
0.2907

	
0.1809

	
0.000

	
3.488

	
2.170

	
0.0000
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Table 3. Results of the geographic weighted regression (GWR) model by quartile.
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Variable

	
Minimum

	
Maximum

	
Median

	
1st Quartile

	
3rd Quartile

	
Global

	
p-value

	
R2






	
Intercept

	
−5.11

	
−4.71

	
−5.07

	
−5.07

	
−5.02

	
−5.10

	

	
0.59




	
GC

	
−0.01

	
0.03

	
0.02

	
0.02

	
0.03

	
0.03

	
0.01*




	
FU

	
0.001

	
0.04

	
0.004

	
0.002

	
0.04

	
0.002

	
0.08




	
EC

	
−0.01

	
0.002

	
−0.004

	
−0.003

	
0.002

	
−0.003

	
0.78








* indicates the statistically significant p-value (p < 0.05)
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