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Abstract

:

This exploratory study aimed to examine the validity of the sustainability evaluation model suggested and the sustainability of the standard gauge railway (SGR) construction project in Africa’s developing countries with Tanzania as a case study. By using the proposed railway sustainability evaluation model, the researchers collected data from 300 people, which included workers in the project and people living or conducting businesses along the route of the first phase of the project (Dar-es-salaam to Morogoro). Data was collected using semi-structured questionnaires and analyzed using the structural equation model (SEM) technique and correlation analysis. The findings validated the model used to be efficient in railway sustainability evaluation, and also, the researchers were able to realize from the data collected that the first phase of the SGR in Tanzania is sustainable for development. The study suggests encouraging and collaborating with local agencies to improve local railway maintenance and operations skills in order to ensure the project’s long-term viability and extension.
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1. Introduction


In the process of connecting cities, countries and continents to make the world feel smaller and accessible, railways have been playing a major role since the 18th century [1]. At the 30th Africa Union (AU) member state heads general assembly in June 2014 in Ethiopia’s capital Addis Ababa, effective implementation of the AU’s 2040 vision was called upon, which indicates that Africa’s ambition in the railway sector is a total railway industry development. The global mobility report of 2017 states that there is an increase to eighty trillion passenger traffic annually by the year 2030, which translates to a 50% increase in people’s mobility based on 2015 reports [1]. Due to technological advancement and innovation, the railway mode of transportation has been advancing to meet safety, time, and cost-efficiency. In the transformation from the meter-gauge railway to the standard gauge railway (SGR), Tanzania and other African countries have been making changes and taking steps and strategizing to connect to the rest of the world. In nature, transport activities are not sustainable, mainly because the infrastructure in modes of transport are non-renewable resources, for example, roads and railways, but also responsible for pollution, long-term environmental disorientation and damage to resources that cannot be substituted [2]. Developing countries have a long way to go in achieving sustainable transport activities [3]. This does not mean that African countries should not plan and set goals for this kind of achievement because, from the start of human civilization, transport has been the heartbeat of growth both socially and economically [4]. Learning how important transportation is, it is humanity’s responsibility to try to perfect this activity and to make sure it is sustainable by observing sustainability indicators in modes of transport, which include energy use, land use, waste, water use, safety, noise and quality of life [5]. All this is to make sure that while we are benefiting from the advantages of safe, cheap and fast modes of transportation, such as a high-speed railway, we will not have negative impacts on the environment, economic and social aspects of the cities or countries using this mode of transport.



The new SGR being built in Tanzania is a part of a long-term goal to connect the whole of Africa, just as Kenya has finished its first phase on 30 May 2017 [6]. The project in Tanzania has 5 phases, of which the first phase should be complete in 2020. This phase is 300 km contracted to a 50/50 consortium between Mota-Engil of Portugal and Yapi Merkezi of Turkey. Construction began in April 2017.



Since the construction of the meter gauge railway (track width of 1 m) during the colonial era and the construction of the Tanzania and Zambia Railway (TAZARA), Tanzania has not been able to upgrade its railway to a standard gauge railway (track width of 1.435 m) which is considered efficient all around the world. After the collapse of the old railway and efforts to revive its operation, is the construction of the new railway efficient and sustainable? From the comprehensive analysis of the construction, process evaluation, effectiveness evaluation, impact evaluation (including social impact evaluation and environmental impact evaluation) and sustainability evaluation, this paper will mainly answer the question, “Is the SGR construction environmentally, economically and socially sustainable in Africa (with Tanzania as a case study).” The findings of this paper are important for further research on infrastructure projects in Africa and for the completion of the other phases of the project. It will also help policymakers on setting policies that will guide the use of these projects upon completion to ensure they will efficiently benefit generations to come.



Following this introduction, Section 2 is the literature review and hypothesis development on aspects of sustainability, including social, economic and environmental factors. Section 3 covers the research methodology then results and discussion in Section 4, and, lastly the conclusion, further area of study and the limitation of this research in Section 5.




2. Literature Review and Hypothesis Development


Transportation is among the most crucial supports of the economy, and it plays an important role in economic growth because it connects product manufacturing, trading, and consumption [7]. Transportation infrastructure production leads to economic growth and higher living standards, but it also has detrimental consequences in society and the atmosphere, such as resource use, waste, and ecological destruction caused by automobiles and transportation services. More significantly, there are air pollution emissions, which will result in higher economic and social prices [8]. Although there is no universally accepted concept of transportation sustainability, it is widely accepted to include three pillars: economic growth, environmental protection, and social development [9]. It is generally accepted that sustainable transportation entails not only economic development and enhanced transportation systems but also resource management and environmental preservation. The fundamental theory for achieving sustainable transportation is to improve transportation sustainability performance. As a result, assessing and tracking the sustainability performance of transportation modes is useful in fostering transportation system sustainability [10].



2.1. Economic and Social Efficiency Evaluation


From studying the historical events of transport construction, it is clear that the construction of railways has led to economic advancements and improvement of people’s welfare level [10]. Directly, transport infrastructure affects the economy through “investment goods” and indirect effect from “para-public goods” [11].



According to the results of Wang et al. [12], transportation infrastructure plays a positive role in fostering economic development in Belt and Road Initiative (BRI) countries. The highway infrastructure has a greater impact on economic development in BRI countries than the railway infrastructure, according to the static model. The promotion impact of railways on economic growth in the short term is more important in the dynamic model. Through increased connectivity, the development of network externalities, the attractiveness of foreign direct investment and the facilitation of international trade through mobility nodes, transportation infrastructure is a key facilitator of economic growth [13,14,15]. The study of historical infrastructure building, for instance, the railroad network during the Gilded Age in America [16] and the ambitious Baghdad railway project also collaborate this view [17]. One of the most important nexuses between transportation and growth of every size are the firmly anchored myths of economic growth. Because of the size of infrastructure projects and their inevitability, it is critical to determine whether or not they contribute to the growth of the regions they represent [18]. This leads to the investigation will Economic efficiency evaluation significantly determine the comprehensive analysis of SGR projects in African countries?



Hypothesis 1 (H1).

Economic efficiency evaluation significantly determines the comprehensive analysis.





The investment-driven model has played a key role in China’s progressive economic development for almost 50 years, with transportation investment accounting for a large share of overall fixed-asset investment. The opening of the High-Speed Railway (HSR) has been a major factor in China’s national economic development. HSR, on the other hand, may have a beneficial spillover impact at the state or city level, promoting development convergence, or it may widen income gaps between major urban cities and other cities through either the siphon effect or backwash effect [19]. Polyakova and Borisova [20] discovered that a well-developed and well-functioning transportation infrastructure, including railway transport, provides the population with security and availability of passenger traffic; the capacity to freely travel through the region’s territories and enhance interregional and social mobility; and it establishes the conditions for the growth of the resettlement, jobs and leisure systems. Geurs, Boon and Van Wee [21] found out that, although impacts such as the distribution of ‘costs’ and ‘benefits’ of a transportation policy through demographic groups and regions receive a lot of public and political attention in decision-making processes, social impact assessment gets little attention. These findings help investigate the social importance and efficiency of the SGR projects in developing countries.



Hypothesis 2 (H2).

Social efficiency evaluation is significantly related to comprehensive evaluation.





China’s Belt and Road Initiative (BRI) is among the world’s most ambitious infrastructure construction initiatives, with tremendous potential for accelerating regional economic development in Asia, Europe and Africa [12]. The BRI’s major transportation infrastructure programs are not without dispute. On the one hand, some academicians see transportation infrastructure programs as a crucial potential catalyst for fostering greater regional and cross-regional mobility and enhancing international trade in BRI countries [22]. The development of transportation infrastructure facilitates the reduction of territorial social inequality by inhabitants of the periphery and sleeping residential neighborhoods, which is characterized by the phenomenon of citizens receiving basic vital services late, resulting in a drastic drop in quality of life. The most basic and necessary passenger transportation facilities include the provision of transportation to and from the workplace, as well as the ability to travel to hospitals, colleges and other facilities [20].



According to Jianmin [23], the economic efficiency of transportation infrastructures is calculated by indicators such as project economic advantages, project financial advantages, project contribution to regional Gross Domestic Product (GDP), and project contribution to regional tourism growth. While the measurement of social performance can be analyzed by evaluating the effect on the residents’ life quality along with the project areas, the effect on health and effects on education growth is being analyzed.




2.2. Environmental Impact Evaluation


The criteria used to assess transportation policies and direct infrastructure investments vary by area, but two overarching priorities have emerged: improving transportation efficiencies and reducing emissions caused by transportation [24]. Mobility and logistics are essential for economic growth and the well-being of the society to proceed. Nonetheless, rising environmental issues and complex diffused external impacts of transportation networks have pushed those that design mobility strategies and policies to now incorporate detailed environmental and social aspects in their economic assessments. The aim of “Green Logistics” is to reduce the environmental impact of logistics [25]. Findings from Song et al [26] show that China’s environmental efficiency increased slowly from 2006 to 2011 and that there are regional variations in environmental efficiency across the country. The eastern area is the most effective, while the western area is the least efficient. Furthermore, Song et al. [26] discovered that railway transportation has a substantial positive impact on environmental sustainability, with the effect being greater in regions where railway transportation is used more frequently.



Hypothesis 3 (H3).

Environment impact evaluation significantly determines the comprehensive analysis.





Environmental impact assessment is a method of determining the most possible environmental effects of a project or construction plan by considering interrelated social, cultural, economic and human-health impacts, both advantageous and detrimental, before agreeing to go ahead with the individual project. In this sense, the term “environmental impact assessment” (EIA) refers to particular projects performed by individuals or firms, while “strategic environmental assessment” (SEA) refers to strategies, plans and initiatives proposed by government departments [27,28,29], it is an environmental protection mechanism that is used in the approval and decision-making of projects. Strategic Environmental Assessment (SEA) was identified by Sadler and Verheem [29] as a structured, formalized and rigorous method of defining and evaluating the environmental effects of planned strategies, proposals or programs to ensure that they are completely included and adequately resolved in the early stages of decision-making with social and economic considerations.



Environmental impact evaluation can be evaluated by indicators such as the impact evaluation on plants and animal’s survival and development. According to Jianmin [23], soil erosion is also a problem along the project’s path. The project’s noise emissions and also the project’s pollution to water sources and air along the route.




2.3. Process and Sustainability Evaluation


During project implementation, evaluation can examine if the project is maintaining its projected timelines, participants recruited are successfully chosen for the project, the project is efficiently coordinating with other related projects, the equipment and materials used meet accuracy and clarity standards, and if the project meets the applicable legal standards. Process evaluation points out whether project activities are being implicated as planned and if expected results in certain outputs are as intended. Conducting mid-project evaluations during project implementation can be used to highlight the process evaluation or point out where mid-course corrections are needed [30]. One of the most common analytical methods used by organizations in real life is process analysis. It is used whenever a workflow needs to be assessed or defined to enhance performance, effectiveness, quality, economy or profitability. Any additional optimization or re-engineering should start with a process review [31].



Hypothesis 4 (H4).

Process analysis evaluation can be used to determine the comprehensive evaluation.





In certain cases, a significant amount of work is expended on the study in contrast to the potential benefits. As a result, selecting the right methods and techniques is critical. As a result, when conducting process research, companies often hire outside consultants [31].



Sustainability evaluation is a complex appraisal method. For efficient policy and decision making, sustainability evaluation is conducted in a broad economic, social and environmental context and delivers a purely technical evaluation [32]. Considering sustainability as a metric means the broadening of the general traditional reporting framework and to start taking account of the social and environmental performance on top of the economic performance, which was independently used, collectively referred to as the Triple Bottom Line. As a result, developing practical organizational tools for measuring and fostering sustainability would still necessitate decisions that are open to discussion. Additionally, with broadly agreed concepts for sustainability and sustainable growth, the fundamental questions of “what, for whom, when, and for how long?” remain unanswered. These are also weighed down by human values and societal decisions [33]. These three constraints should be measured, but they do not directly provide a measuring system; this is why different organizations develop specific or industry-specific tools and practices to best help them obtain a balanced evaluation across social, economic and environmental principles.



Hypothesis 5 (H5).

Sustainability evaluation significantly predicts the comprehensive evaluation.





The sustainability assessment involves analyses of the project decision assessment, project construction plan assessment, project construction management assessment and project activity assessment. Moreover, the process evaluation includes the analysis of the project decision evaluation, project construction design evaluation, project construction management evaluation and project operation evaluation. Finally, the sustainability evaluation includes sustainable development capability assessment, sustainable development capacity assessment for operating status and the development sustainability capacity of the project [23].





3. Research Methodology


3.1. Research Design and Instruments


The use of a quantitative method of research allowed the researchers to collect data from different sources to assist the analysis of the research objectives. A quantitative research method was used because this approach depends on data measured from the sample population, which provides vital information about the phenomena under study. The primary data was collected from workers in the project in the Dar-es-salaam region and also from people living alongside the project. A simple random sampling technique was used for selecting the participants of the study. This sampling technique was selected because it allows an equal chance of selection of participants and reduces selection bias. The researchers gathered information and the respondent’s opinions, experiences, and feelings on the sustainability of the SGR project in Tanzania. Questionnaires were distributed to the participants of the study, and data was collected for further analysis. The study used a five-point Liker-type scale adopted from Jianmin, [23] (very satisfies/full success/very large/a lot = 1 to very dissatisfied/complete failure/small/little = 5).




3.2. Study Model


The study’s architecture was created using a highway assessment model [23] to show the relationship between variables, their constructs and the hypotheses formed (see Figure 1). By considering the assessment mechanism, economic and social performance evaluations, environmental effect evaluations and sustainable evaluations as latent variables, and each evaluation of project indicators as manifest variables, indicator systems and models can be developed (see Appendix A).



The highway assessment model developed by Jianmin [23] uses environmental, social and sustainability constraints to conduct a comprehensive evaluation on the efficient sustainability of highways. This study adapts this model, assesses its validity in railway assessment then applies it to investigate the sustainability of the construction of the SGR in Tanzania.




3.3. Target Population


The population targeted for this research are the workers working in the project from the managerial level to technicians and drivers; the other set of the population studied were the people living or conducting business alongside the route of the SGR project. This particular population was targeted because of their direct impact on the evaluation conducted and first-hand information directly from the project; hence, they are all around the project from construction to operation. The 305-sample population was selected using a random sampling method. According to Israel [34], for high-impact studies using multi-linear regression or covariance calculations, a sample size of 200–500 respondents is adequate. Using formulae suggested by Israel, the researchers selected a sample of 305 workers and civilians along the road as follows:


            n =  N  1 + N    e 2       



(1)




where n = sample size; n = population size (1300); e = error term (0.05). Therefore,


  n =   1300   1 + 1300     0.05  2      =   1300   4.25   = 305  



(2)







The population sample demographic data for all participants of this research is indicated in Table 1. A total of 305 responses were recovered, where 5 responses were invalid.




3.4. Data Collection and Analysis Technique


The primary data in this research was collected in two major ways using questionnaires. For the people working in the project, the questionnaires were shared using Google forms, whereby a link was sent and, after every response, the researcher would receive an email containing the data. The other method was through sharing physical printed questionnaires to people living or with business alongside the route around the Dar-es-salaam region.



The data was cleaned, and various tests and observations were performed. The Mahalanobis D statistic and the Shapiro–Wilk test were used to check for outliers and normality of the dataset, respectively. The test results indicate no outliers in the dataset, and it follows a normal distribution. Prior to the data analysis, no unusual or suspicious data entry or responses were found after thorough observation of the dataset.



Covariance-Based Structural Equation Modeling (CB-SEM) primarily comprised of structural model analysis (Path analysis) and Measurement model (CFA). A relationship involving the manifest or observed variables and the latent construct is estimated using the measurement model, whereas Path analysis is employed when estimating path associations between latent constructs. The Path analysis approach was used to estimate the relationships between the constructs in the proposed model.





4. Results and Discussion


4.1. Results


The Statistical Package for Social Sciences (IBM SPSS Version 25) and Analysis of Moment (IBM AMOS Version 24) software were used for statistical analysis. The analysis includes the respondents’ background, model parameter fitting indexes, validity and reliability analyses, multicollinearity and autocorrelation analyses and hypotheses checking. The findings are presented in the following sections.



Background information of respondents used for the data analysis is provided in Table 1. It reveals that 67.30% of the respondents were males and 32.70 were females; 76.70% were under the age of 30 and 19.70% and 3.70% of the respondents were 30–50 years and above 50 years, respectively. Experts and scholars involved in the railway project constituted 56.30% of the respondents, and managers (Government managers) appointed by the government to oversee the project constitute 5.30%. In total, 32.70% and 5.70% were residents along the route and driver crew, respectively. Regarding the educational background of respondents, 86% were university graduates (undergraduate and postgraduate), whereas 4.70% graduated from college, and 9.4% were certificate holders (high school and technical education).



4.1.1. Reliability


Cronbach’s alpha and Composite reliability (Construct reliability) test, according to Netemeyer and Spiliotopoulou [35,36], assess the internal accuracy of measurement items. Cronbach’s alpha and Composite reliability were used to determine the reliability of the questionnaires used for data collection in this study. Cronbach alpha is favored over composite reliability because it has a lower bias estimation of internal accuracy [37]. Bland, George and Fornell [38,39,40] proposed the least Composite reliability value of 0.70. For fair or suitable reliabilities, a minimum Cronbach’s value of 0.70 is recommended. The calculated Cronbach’s alpha and Composite reliability (CR) values are above the lowest threshold for achieving construct reliability, as seen in Table 2.



For the structural model, Table 3 indicates the outcome. At the 95% confidence interval, the standardized load items are all statistically significant, with p-values less than 0.05 (p < 0.05) and T-values greater than 1.96 (tcal > tcritical). Reliable indicators of satisfactory item loadings are assumed to be factor loadings of at least 0.60 [41,42]. The standardized factor loadings shown in Table 3 are all above the recommended cut-off points, indicating that the loadings of our items are satisfactory.



The degree to which the data observed matches the structural model is referred to as model fitness. The aim of a model fit evaluation is to validate the theoretical model using parameter fitting methods [43]. In general, a well-fitted model yields more accurate performance. The Chi-square ratio (χ2-ratio), Root Mean Square Approximation Error (RMSEA), Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), Goodness of Fit Index (GFI), Normed Fit Index (NFI) and Standardized Root Mean Square Residual Square (SMS) were used to measure model fitness in this analysis (SRMR).



Hooper, Kline, Steiger, Wen, Burnham and Anderson and HU and Bentler [44,45,46,47,48] suggested cut-off conditions for the fitting indexes. They argue that a Chi-square ratio (χ2-ratio) less than 3 indicates a successful and acceptable model, but it is not often used as a basic model fit assessment tool [49]. TLI is advised to be greater than 0.95 (TLI 0.95), but TLI > 0.90 suggests a strong model match. CFI should be greater than 0.90 (CFI > 0.90) for optimal model fit. For an appropriate model fit, both RMSEA and SRMR should be less than 0.05 (RMSEA, SRMR < 0.05), and for a reasonable model fit, both should be less than 0.08 (RMSEA, SRMR < 0.08). GFI and NFI must all be greater than 0.95 (GFI, NFI > 0.95) for a suitable model fit. The results in Table 4 demonstrate that the structural model fit was attained.




4.1.2. Validity


This study used Bagozzi and Yi’s [50] Composite Reliability (CR) index and Fornell and Lacker’s [40] Average Variance Extracted (AVE) to test the construct validity of the structural model formulated. Construct validity is the national-empirical method for testing a metric or scale psychological attributes [51]. It is used to assess how effectively a test measures what it is supposed to measure [52]. Construct validity consists of Convergent validity and Discriminant validity [53,54,55]. To achieve construct validity, both convergent and discriminant validities must be achieved.




4.1.3. Convergent Validity


Convergent validity is based on the idea that tests with identical constructs can be strongly linked. That is, it aims to reveal related measures’ convergence [55,56]. The least AVE value of 0.50 is accepted for Convergent validity. Table 3 proves that Convergent validity has been established considering that all estimated AVE values are above the least value of 0.50.




4.1.4. Discriminant Validity


Discriminant Validity is based on the premise that constructs or items that are not associated with one another are indeed shown not to be related to each other [55]. Discriminant validity, according to Hubley [57], aims to distinguish between dissimilar steps. If the square root of each latent construct’s AVE is greater than the correlation coefficients in the estimation model between that latent construct and other latent constructs, Fornell and Lacker [40] suggested that the model meets the discriminant validity criterion. The results in Table 5 show that for each of the latent constructs, the square root of the AVE is greater than the inter-correlations between the latent constructs. Discriminant validity was therefore attained.





4.2. Discussion


The result from the data analysis indicates the acceptance of all our proposed hypotheses:



The aim of the study’s first hypothesis (H1) is to test whether economic efficiency evaluation determines the comprehensive evaluation, and the result from Table 6 (β1 = 0.75, p < 0.001) suggests a positive relationship that economic efficiency evaluation significantly determines the comprehensive analysis. Therefore, a positive change in the economic efficiency of the SGR project in Tanzania will have a positive change in the project’s sustainability.



The second hypothesis of the study (H2) suggested that social efficiency evaluation is significantly related to comprehensive evaluation. Table 6 shows that that hypothesis has been accepted from the study’s analysis (β2 = 0.42 and p < 0.001). This shows that the social efficiency of the SGR project is significantly related to the project’s sustainability. This result also showcases that the project is socially efficient.



(H3): Environment impact evaluation significantly determines the comprehensive analysis, has also been accepted by the researchers, from the analysis in Table 6 (β3 = 0.58, p < 0.001) demonstrates that the environmental impacts of the project have an important part to play in the overall sustainability of the project but also shows that the project is taking measures to ensure environmental conservation.



The aim of the study’s fourth hypothesis (H4) is to test if the Process analysis evaluation can be used to determine the comprehensive evaluation. From Table 6 (β4 = 0.67, p < 0.001), the researcher found out that process analysis positively impacts comprehensive analysis, signifying that project decision, project construction design, project construction management and project operation in optimal execution have a positive impact on the overall project sustainability.



The final hypothesis of the study (H5) has the aim of testing whether the sustainability evaluation of the project significantly predicts the comprehensive evaluation of the project, which from Table 6 (β4 = 0.35, p < 0.001) signifies that the hypothesis (H5) is accepted. This means sustainable development capability, sustainable development capacity for operational status, Sustainable development of the project Capacity and Project institutional capacity for sustainable development and policymaking of this project are sufficient for the general sustainability of the project.



4.2.1. Economic and Social Impacts of the Project


Tanzanian’s railway before SGR is a meter gauge rail that has a speed of 30 km per hour and could only handle 5 million tons of cargo in a year. Considering Tanzania is a country of more than 57 million people with agriculture, trade and construction contributing to the GDP, SGR projects stronger results to stimulate the local economy. Transport geography estimates about 5 to 20% annual return from the capital investment. By implementing the right measures, SGR, being an effective mode of transportation, can reduce costs in other related economic sectors such as supply, manufacturing and extraction. This project pours money back into the country in different ways; for example, it has subcontracted over 140 suppliers and contractors who have been paid for either goods or services, which enables the money to circulate within the country. The project agreements also required labor ratio standards at 80% locals to 20% foreigners, and it has been complied with. The Dar-es-salaam to Morogoro SGR project employed 8303 workers, of which 7063 were locals while 1243 were foreigners, but the projected is supposed to have 20% locals against 80%foreigners in key personnel positions such as engineers; however, it was exceeded with 46.5% locals as part of key personnel [58].



The director-general of Tanzania railways cooperation announced that using the new railway, passengers will be able to travel between Dar-es-salaam and Morogoro in one and a half hours, which is three hours less than using a bus. Considering both macro and microeconomics, Tanzania’s SGR is more advantageous not only on the output level of mobility and transport but also predicted to create 600,000 direct employments when it is fully operational. SGR will also stir up important interactions within consumption, production and production costs. More evidently, it is recorded by the World Bank that developing nations improved income levels are associated with a great percentage of reliable modes of transportation [59].



In principle, other advantages of the SGR are to reduce transport costs of both passengers and cargo, improve access to markets and increase the linkage between rural and urban areas. However, a survey by Josaphat [60] suggests that inefficiency will undermine this contribution in some areas; for example, the railway town of Ruvu, which is close to Dar-es-salaam, has its sugar price 12% higher than Isaka, which is further from Dar-es-salaam but well linked with roads. Even after considering that the railway is not 100% operational, poor/seasonal roads linking to the railway infrastructure lead to the ineffective utilization of the railway by producers and communities surrounding the railway.



Available data indicate Tanzania transport revenue from 2007 to 2015 rose from USD 1.3bn to USD 2.1bn. This means that billions can potentially be fetched from sectors, such as agriculture, forestry, fisheries mining, and construction, due to the fact that they involve a significant number of people and capital within the production that relies greatly on mobility for effective operations. SGR could offer necessary labor and capital to be placed in strategic zones over space and time to stimulate industries to demand skilled labor and the necessary capital to improve production. Extensive markets can be drawn through reliable mobility. Reliable transport helps in the assembly of raw materials and supply of finished goods, as these days no barriers limit expansion, Tanzanian business owners could move commodities across East Africa through SGR. However, SGR could promote geographical specialization, making Tanzanian regions working within the optimum and viable stretch of their resources [59].




4.2.2. Environmental Impacts of the Project


A wide range of threats may have an effect on biodiversity sensitivities, some of which are exacerbated by the SGR’s growth. As a product of the SGR, or as combined impacts associated with the SGR Initiative, the following risks and impacts have been observed.



	1.

	
Impacts on Fauna and Flora




	(a)

	
Fragmentation of Wildlife Movement







To keep residents, pets and animals away from the high-speed train, it would need to be fenced. This has sparked fears that wildlife migration paths could be disrupted; as a result, corridors will be established between the Mikumi National Park–Wami Mbiki Wildlife Area and between the Selous Game Reserve–Wami Mbiki, where wildlife migration and SGR routes meet.



Tanzania’s government will use Tanzania Wildlife Research Institute (TAWIRI) to gather monthly data along with reports from maintenance teams to gain coverage of wildlife crossings along the SGR highway. This will include the date and time, place, reporter’s name, animal species, incident information and steps taken to alleviate the situation or avoid it from happening again [61].



	
(b) Faunal Disturbance by Construction






The area of the Uluguru Mountains in Morogoro is likely to experience the most faunal disruption. SGR building operations necessitate a substantial amount of truck and heavy equipment movements on the service road adjacent to the SGR highway, exposing livestock to dust, smoke and being run over by machinery and cars.



Some building works run 24 h a day; strong lights are used for activities that begin after dusk, and even though fewer animal species are present, this threatens to disturb nocturnal fauna such as amphibians, bats, nocturnal birds and a large variety of flying invertebrates. Tanzanian law prohibits development within forest reserves, and as a result, Forest Reserves have been designated as No Go Areas for construction workers.



There have since been programs implemented to increase awareness of the diversity of animals today, the threats involved with wildlife and how to respond when approached by various species. Additionally, reduce light emission into natural environments at night by ensuring that building and protection lighting is focused inward and downward to reduce light pollution in remote areas [61].






5. Soil Erosion


The SGR’s construction necessitates extensive earthworks, especially on hilly terrain, which causes soil disturbances. Dust emissions are high, and soil degradation is normal in areas where the soil has been contaminated and dumped. In wetlands, the detrimental results of soil erosion can be seen as sediments of infertile subsoil collection, allowing the wetland to become infertile. It also makes it impossible for light to enter the water, which delays the growth of aquatic plants, causes fish and aquatic invertebrates to die off and has a knock-on impact on food chains that rely on them.



	2.

	
Air Pollution (Dust Emissions)







Field surveys were performed in March 2019 (during the mild, dry weather). The findings found that a substantial volume of dust was being generated along the building service road adjacent to the SGR route. During that season, the prevailing wind was southerly, and extreme dust accumulation could be seen on leafy plants.



Including a vast number of water bowsers spraying water on the roads, a dust reduction scheme has been initiated. Dust suppression program uses wastewater from potable water treatment facilities, which helps to manage dust pollution.



The Tanzania Railway Corporation (TRC) can only use the SGR Service Road for repairs and operating activities during the operation process, as stated in the Environmental and Social Management Plan (ESMP). This would reduce dust pollution and block access to the Pugu Hills and Ruvu Forest Reserves in the north.



	3.

	
Water Pollution (Wetland loss and degradation)







Under the SGR path, there are a variety of relatively small wetlands. Permanent water sources, intermittent water sources, and seasonally waterlogged soils are all included in the word “wetlands,” which are referred to as “water reserves” in Tanzanian law. Because of their open landscape, wetlands adjacent to the SGR have acted as convenient landfill sites for waste dirt [61].



According to the Tanzania Environmental Management Act of 2004, guidelines and prescribe measures must be issued for the protection of riverbanks, lakes, and shorelines,” by a local government the Management Council, and the Minister, in consultation with other related ministries, will “impose any restrictions as he considers necessary” by notice published in the Gazette.



“No human activities of a permanent nature or which can, by their nature, be liable to compromise or adversely affect conservation and, or the preservation of ocean or natural lake shorelines, riverbank, water dam or reservoir shall be undertaken within 60 meters”, according to Section 57 of the Environmental Management Act.



The provision is also backed up by clause 34 of the Water Management Act of 2009, which states: “Without exception to Section 57 of the Environmental Management Act, the Minister can, by order published in the Gazette, ban human activities beyond sixty meters from a water dam, reservoir, or water source.”



Wetland has its conservation action plan depending on the nature of the restoration, the form of wetland, and the local hydrology. To meet with the provisions of the Environmental Management Act of 2004, 60 m wide buffers must be used. Inside such buffer zones, no soil excavation, disposal of excess soil, equipment laydown areas or construction of access tracks are permitted, except the authorized SGR path and adjacent service lane [61].




6. Conclusions


The sustainability of transport systems and people’s mobility are important milestones to attaining the global vision 2030 agenda for SDGs. The purpose of this study was to inspect the validity of the indicators system in the evaluation of the sustainability of standard gauge railway construction in Africa’s developing countries, of which the researchers were able to show the correlation between the indicators used and the comprehensive sustainability evaluation, and therefore, this study concludes that these indicators are valid and can enrich further studies on railways sustainability in Africa countries.



The study also aimed in assessing the sustainability of the SGR being constructed in Tanzania by testing the hypotheses on the relationships between environmental impacts, economic impacts, social impacts, sustainability evaluation and process assessment against the comprehensive sustainable evaluation, and this study was able to accept all hypotheses and therefore conclude that the SGR project in Tanzania is sustainable for development.
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Limitations and Recommendations


This study has its limitations despite the major contribution that it has added to railway construction and development in African developing countries. This study was conducted on a fully operational railway project, and the whole project consists of five phases and the study used only one phase to draw its conclusion. Standard Gauge Railway and high-speed railway being a new step for Africa’s developing countries is both an advantage and a challenge. More researches should direct their focus on this sectors’ sustainability and efficient operation because it has proven to play a major role in the social and economic development of countries such as Japan and China. Furthermore, future studies can focus on investment and operational failures from countries that could not thrive from this type of transport and could be easily avoided by countries willing to adopt SGR.





Appendix A


Evaluation Constructs and Their Indicators.
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Table A1. Indicators of Evaluation constructs.






Table A1. Indicators of Evaluation constructs.





	
Evaluation Construct

	
Indicators






	
Process of Evaluation (PE)

	
PE1: Assessment of project success decision




	
PE2: Evaluation of the feasibility study of project




	
PE3: Evaluation of the construction of the project




	
PE4: Evaluation of the quality of acceptance of the PE5: completion of the project




	
Assessment of the current operation of the project




	
PE6: Evaluation of the level of management services for the project




	
Economic Efficiency Evaluation (EEE)

	
EEE1: Project direct economic value or benefit




	
EEE2: Contribution of project to job opportunity




	
EEE3: Contribution of project to local economic growth along the route




	
EEE4: Contribution of project to regional GDP




	
EEE5: Contribution of project to enhancing regional income levels




	
EEE6: Contribution of project to land-value-added and the development of small towns along the route




	
EEE7: Contribution of project to the development of regional industrial structure




	
Social Efficiency Evaluation (SEE)

	
SEE1: Contribution of project to the development of regional tourism




	
SEE2: Project contribution to development of cultural and technological along the region




	
SEE3: Contribution of project to quality of life of the residents along the route




	
SEE4: Contribution of project to social stability in the region along the route




	
SEE5: Contribution and impact of project on development of cultural education and health along the route




	
Environmental Impact

Evaluation (EIE)

	
EIE1: Impact of the construction and completion of the project on the survival and growth of plants and animals




	
EIE2: Impact of the construction and completion of the project on soil erosion in areas along the route




	
EIE3: Assessment of the noise pollution caused by the construction and completion of the project




	
EIE4: Impact of the construction and completion of the project on water pollution




	
EIE5: Impact of the construction and completion of the project on air pollution




	
Sustainability Evaluation (SE)

	
SE1: View about the sustainability of the project’s hardware facilities




	
SE2: View about the sustainability of the project’s management technology




	
SE3: View of the project’s economic sustainability capabilities




	
SE4: View of the projects ability to provide sustainable social benefits




	
SE5: View about the project’s ability to sustainably support environmental resources




	
SE6: View about the project’s sustainability capabilities of the project management system




	
SE7: View of the project’s ability to coordinate with the regional transportation

system




	
SE8: Assessment of the overall operating status of the project




	
SE9: Assessment of the overall economic and social benefits of the project
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Figure 1. Hypothetical model. 






Figure 1. Hypothetical model.
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Table 1. Respondent’s background.
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	Attribute
	Frequency
	Percent
	Valid Percent
	Cumulative Percent





	Gender
	
	
	
	



	Male
	202
	67.30
	67.30
	67.30



	Female
	98
	32.70
	32.70
	100.00



	Total
	300
	100.00
	100.00
	



	Educational Background
	
	
	
	



	Junior High School (JHS)
	5
	1.70
	1.70
	1.70



	Senior High and Technical
	23
	7.70
	7.70
	9.30



	College
	14
	4.70
	4.70
	14.00



	Undergraduate
	212
	70.70
	70.70
	84.70



	Postgraduate
	46
	15.30
	15.30
	100.00



	Total
	300
	100.00
	100.00
	



	Age
	
	
	
	



	Under 30
	230
	76.70
	76.70
	76.70



	30–50
	59
	19.70
	19.70
	96.30



	Above 50
	11
	3.70
	3.70
	100.00



	Total
	300
	100.00
	100.00
	



	Occupation
	
	
	
	



	Government Manager
	16
	5.30
	5.30
	5.30



	Experts and Scholar
	169
	56.30
	56.30
	61.70



	Residents along the route
	98
	32.70
	32.70
	94.30



	Driver crew
	17
	5.70
	5.70
	100.00



	Total
	300
	100.00
	100.00
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Table 2. Reliability Table.






Table 2. Reliability Table.





	Variable
	No of Items Measured
	Cronbach’s Alpha





	Process of Evaluation (PE)
	6
	0.919



	Economic Efficiency Evaluation (EEE)
	7
	0.861



	Social Efficiency Evaluation (SEE)
	5
	0.902



	Environmental Impact Evaluation (EIE)
	5
	0.892



	Sustainability Evaluation (SE)
	9
	0.888



	Comprehensive Evaluation (CE)
	32
	0.939
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Table 3. Results of Structural model.






Table 3. Results of Structural model.















	Latent

Variable
	Items
	Standardized

Loading
	T-Value
	p-Value
	AVE
	CR
	Cronbach’s Alpha





	
	PE1
	0.86
	7.03
	***
	
	
	



	
	PE2
	0.83
	7.45
	***
	
	
	



	
	PE3
	0.93
	8.82
	***
	
	
	



	PE
	PE4
	0.74
	a
	a
	0.759
	0.949
	0.919



	
	PE5
	0.89
	7.35
	***
	
	
	



	
	PE6
	0.96
	8.29
	***
	
	
	



	
	EEE1
	0.77
	7.73
	***
	
	
	



	
	EEE2
	0.97
	7.11
	***
	
	
	



	
	EEE3
	0.84
	7.02
	***
	
	
	



	EEE
	EEE4
	0.86
	a
	a
	0.752
	0.955
	0.861



	
	EEE5
	0.78
	6.02
	***
	
	
	



	
	EEE6
	0.93
	7.52
	***
	
	
	



	
	EEE7
	0.90
	8.02
	
	
	
	



	
	SEE1
	0.86
	6.28
	***
	
	
	



	
	SEE2
	0.70
	a
	a
	
	
	



	SEE
	SEE3
	0.87
	7.28
	***
	0.744
	0.935
	0.902



	
	SEE4
	0.98
	8.21
	***
	
	
	



	
	SEE5
	0.88
	7.01
	***
	
	
	



	
	EIE1
	0.92
	7.38
	***
	
	
	



	
	EIE2
	0.75
	a
	a
	
	
	



	EIE
	EIE3
	0.84
	7.33
	***
	0.716
	0.926
	0.892



	
	EIE4
	0.81
	6.82
	***
	
	
	



	
	EIE5
	0.90
	7.81
	***
	
	
	



	
	SE1
	0.85
	7.42
	***
	
	
	



	
	SE2
	0.79
	7.45
	***
	
	
	



	
	SE3
	0.86
	7.03
	***
	
	
	



	
	SE4
	0.66
	a
	a
	
	
	



	KS
	SE5
	0.94
	7.95
	***
	0.667
	0.947
	0.888



	
	SE6
	0.65
	8.09
	***
	
	
	



	
	SE7
	0.92
	6.23
	***
	
	
	



	
	SE8
	0.85
	7.21
	***
	
	
	



	
	SE9
	0.78
	8.01
	***
	
	
	







*** p-value < 0.001 (2-tailed) a: Unitized parameter. AVE= ΣҚ^2/n; CR = (ΣҚ)^2/[(ΣҚ)^2 + (Σ1 − Қ^2)]; where K = factor loadings of all items per construct; n = number of items per construct.
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Table 4. Fitting Indexes.






Table 4. Fitting Indexes.





	
Fitting Index

	
Fitting Parameters




	
x/df

	
RMSEA

	
CFI

	
TLI

	
GFI

	
NFI

	
SRMR






	
Fitting estimates

	
1.327

	
0.033

	
0.931

	
0.957

	
0.954

	
0.962

	
0.027
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Table 5. Correlation matrix.






Table 5. Correlation matrix.





	
Variable

	
Correlation Matrix




	
Mean

	
Std. Dev

	
1

	
2

	
3

	
4

	
5






	
Process of Evaluation (PE)

	
11.54

	
3.39

	
0.871

	

	

	

	




	
Economic Efficiency Evaluation (EEE)

	
12.77

	
4.47

	
0.623 **

	
0.867

	

	

	




	
Social Efficiency Evaluation (SEE)

	
10.47

	
3.22

	
0.592 **

	
0.644 **

	
0.863

	

	




	
Environmental Impact Evaluation (EIE)

	
11.06

	
3.90

	
0.320 **

	
0.246 **

	
0.367 **

	
0.846

	




	
Sustainability Evaluation (SE)

	
17.96

	
5.20

	
0.728 **

	
0.646 **

	
0.605 **

	
0.519 **

	
0.817








** Correlation is significant at the 0.01 level (2-tailed) and square root of AVE in the diagonals.
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Table 6. Hypothesis Testing and Decision.
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	Hypothesis
	Relationship
	Path Estimate
	Std. Error
	T-Value
	Sig-Value
	Decision





	H1
	EEE CE
	0.75
	0.11
	6.78
	***
	Accepted



	H3
	SEE CE
	0.42
	0.06
	6.94
	***
	Accepted



	H3
	EIE CE
	0.58
	0.21
	2.75
	***
	Accepted



	H4
	PE CE
	0.67
	0.07
	9.55
	***
	Accepted



	H5
	SE CE
	0.35
	0.10
	3.48
	***
	Accepted







*** p < 0.001.
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