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ABSTRACT 

The movement of goods and services severely impacts the development of supply chain and 

urban sustainability. Both scholars and decision-makers have recently given the idea of city 

logistics and intermodality a lot of attention. City logistics are crucial to maintaining the 

viability of metropolitan regions in which urban freight transportation also significantly 

impacts how well people live there. Optimizing urban freight transportation substantially 

impacts the sustainability and livability of cities and urban areas by lowering traffic 

congestion, minimizing traffic accidents, and attenuating the effects of CO2 emissions and 

noise. The supply chain of mining and sub-contractor companies in Tarkwa is mostly done by 

road freight which creates massive environmental, safety and traffic congestion. Therefore, 

this thesis evaluates creating a new transport network to haul mining goods and services to a 

consolidated logistics platform. To achieve this, a wide range of literature assessments 

relevant to peripheral logistics platforms' impact on cities' sustainability were examined. It 

appears that there aren't any well-defined models that can provide a thorough and quantitative 

evaluation of sustainability for the rerouting of transport networks. Field traffic flow 

observation and a case study on Goldfields Damang were used to perform additional research. 

A mixed-methods study using both a qualitative and quantitative component was conducted 

based on all the data gathered from the pertinent sources.  This thesis created a methodical 

technique using google Maps and Jupyter notebook to evaluate the significant elements that 

affect a move in the context of all three sustainable aspects: social, economic, and 

environmental growth. These effects include traffic congestion, travel time and distance, 

increased emissions, cost-effective transportation, and improved mobility. The simulation 

revealed the necessity of having new transport link to the consolidated platform to enhance 
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intermodality. Research must be done into how government and other stakeholders can 

partner to build an intermodal logistic platforms with well enhanced transport networks, and 

the use of GIS in location selection to create smart city concepts. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background of the Study 

Mining contributes significantly to the economic growth of most developed and emerging 

economies, including Ghana, which is among the top ten producers of numerous critical 

minerals internationally. Recently, as the industry keeps expanding, mining companies also 

tend to increase their production line. In this vein, well-organized systems in the supply chain, 

such as building the right transportation and distribution network, should be encouraged 

(Zadeh et al., 2014). Accordingly, high-quality transportation, processing facilities, and 

storage in the halls must all be highly important for economic and social advancement. In this 

line, the construction of multi-modal logistics systems could help diversify the region's 

industries and lay the groundwork for a competitive and innovative business that can quickly 

adjust to changing economic conditions in the global economy (Jumaniyazov 2010). 

 

The transportation sector is beset by traffic congestion, local air pollution, fossil fuel 

exhaustion, carbon emissions, and the dangers of accidents that affect cities (Geels et al., 

2011).  Because smaller mines are typically located in remote rural locations, transportation 

for their equipment and other products is a crucial concern for the mining business (Gupta et 

al., 2018). The mining companies use several pieces of equipments, including heavy and light 

duty, for their operations. Most notably, the heavy-duty to their remote sites usually causes 

several environmental and safety issues. According to Gupta et al. (2018), delivering a total 

volume of produced coal from mines to destinations, exporting by-products to dumps, and 
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transporting commodities with maximum speed, minimum cost, and higher traffic safety are 

the key transportation activities in the mining business. 

 

Today, the mining industry's most significant challenges are its effects on the environment 

and social life and economic and commercial factors. As a result, sustainability and 

sustainable development have arisen as critical requirements that the mining industry should 

prioritize. The increased intensity of mining truck traffic on specific routes hurts the 

surrounding areas, affecting the road network and residents' quality of life while also 

wreaking havoc on the natural environment (Institute for Territorial Development 2012; 

Supreme Audit Office 2011). While most problems have environmental and social 

consequences, they also have economic consequences (Markard et al., 2012), exacerbated in 

times of financial crisis and public budget overruns (IEA, 2009).  With the growing problem 

of urban traffic congestion in large and medium cities, transportation must be coordinated 

utilizing various tactics such as city logistics (Morana, 2014).  

 

Therefore, as economic growth accelerators, cities will continue to thrive and promote a 

country's much-needed economic development. Indeed, urban logistics has become a critical 

component of a city's expansion and development. An innovative and well-developed city 

logistics system can boost economic growth, minimize high transaction costs, improve 

economic efficiency, improve the investment climate, stimulate foreign direct investment, 

eliminate urban unemployment, and promote regional economic development (Rao et al., 

2015).  
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According to Gajšek et al. (2012), to save time and resources, it is significant to think in the 

direction of establishing a joint resource base whose assets could be deployed, if necessary, to 

execute the exchange of information, goods, financial support and intangible re-sources with 

business partners to overcome distances within or between regions through external logistics 

activities. As transportation and logistics systems continue to integrate, their impacts on the 

ecology, especially air, water, and land resources, will become more complicated soon 

(Rondinelli and Berry, 2000). Firms must therefore realign their competitive priorities by 

focusing on accessibility, routing constraints, types of transportation modes, delivery time, 

reliability, and cost (Banomyong, 2004; Rodrigue, 2008). The mining industry in Tarkwa can 

achieve this by collaborating and building a consolidated platform where large volumes of 

goods can be kept and distributed evenly to the mining sites.   

 

According to Rimienė and Grundey (2007), a consolidated platform is also known as the 

logistics center concept, which is widely merged with knowledge of distribution centers, 

central warehouses, freight/transport terminals, transport nodes, logistics platforms, freight 

villages, logistics depots, and distribution parks, among other things to satisfy customers 

needs. Cambra-Fierro and Ruiz-Benitez (2009) also highlighted how creating a logistics 

platform where different supply chain agents can be integrated into the exact physical location 

can reduce transportation costs and cycle times, improve overall customer service, and 

contribute to a critical competitive advantage. Great multimodal logistics platforms may be 

found in Spain's Zaragoza Logistics Platform (PLAZA) and Italy's Padua Cityporto (Hamid 

and Rozario, 2018). 
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The identified issue is essentially a beginning point for a conversation about how to 

effectively balance the effects of mining transportation on the environment while maintaining 

industrial functionality and development. This issue is significant in every city's development 

goals, and local governments, in collaboration with the mining industry, in the Tarkwa 

municipality, should modify the transportation infrastructure to limit its negative effects. 

Crainic et al., 2016; Nathanail et al., 2017; Franceschetti et al., 2017; Groß et al., 2017 are 

examples of recent research on sustainable city logistics and urban transport systems, but 

there are minimal studies based on finding solutions for mining transport traffic jams using 

simulation tools which has a wide range of characteristics to consider. As a result, this thesis 

is a little attempt to bridge the gap between the limited methods to identifying the benefits of 

locating mining transport jams. This thesis will also seek to determine the benefits that the 

community and the mining industry can achieve as a result of using sustainable means to 

transport mining materials by employing a mixed methods technique and doing both 

qualitative and quantitative research. 

 

1.2 Statement of the Problem 

Tarkwa, as a regional mining hub in Ghana, boasts of several top mining companies and sub-

contractors. Almost all these companies procure and transport major equipment, machinery, 

and other products weekly or monthly. Over 90% of the transportation means for conveying 

them is road freight, specifically using long vehicles. This tends to create massive 

environmental, safety, and traffic congestion problems for the residents of Tarkwa and nearby 

communities. According to Allen et al. (2012), the urban freight transportation system has 

detrimental effects on the ecological and social elements such as fuel consumption, 
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greenhouse gas emissions, air pollution, traffic congestion, noise pollution, and an increase in 

the frequency of accidents. To control and overcome this problem, an effective inter-modal 

transportation network linked to a consolidated platform has to be promoted. This will help 

reduce the burden on road transportation in Tarkwa, reducing the release of carbon emissions, 

traffic congestion, and unwanted accidents to help achieve the UN’s sustainable goal 11 of 

sustainable cities and communities. 

 

In the past few years, sustainability in advanced nations has become  an absolute priority in 

major industrial cities and emerging ones due to shifts in technologies (Geels, 2005; Hekkert 

et al., 2007; Markard et al., 2012;). Decarbonizing energy and effective transport systems are 

the most notable examples of sustainability transition (Verbong and Geels, 2007). 

 

In order to achieve significant transitions with regards to sustainability, a systematic and well-

planned approach should be developed to suit city logistics. This approach can go a long way 

to ensure significant decision making with regards to the selection of a location, transportation 

means or modes to ensure: reduction of road freight transports in busy city areas, reduction of 

accidents, air and noise pollution, reduction of transportation travel and transit times and 

promotion of intermodal transportation (Aljohani and Thompson, 2016). 

 

1.3 Research Objectives 

The specific aim of the study is to: 

1. Examine key factors necessary for the developing an effective means of transporting 

mining goods to a consolidated platform by mining companies. 
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2. To investigate the economic, environmental and social benefits for developing an 

effective transport network to a consolidated platform. 

 

1.4 Research Questions 

1. What are the factors that encourage mining companies to develop an effective means of 

transporting goods and services to a consolidated platform?  

2. What economic, environmental and social benefits can be gained from developing an 

effective transportation network to a consolidated platform?  

 

1.5 Justification of the Study 

Research into the area of assessing the effective means of transporting mining equipment and 

goods is essential for numerous reasons. First, it is going to help determine the best 

transportation network to transport mining equipment and products to ensure smooth flow and 

delivery of products, secondly, reducing traffic congestion in city centers, prevent road 

accidents and deaths, air and noise pollution and thirdly, for the company to enjoy economies 

of scale.  

 

The study is expected to reveal the importance of having another route to argument the 

existing route in use and also increase transport mobility to be a vital driver of both economic 

and social development which determines access to jobs, goods and services. This 

optimization of freight movement is deemed to aim at the urban logistics as it has a great 

influence to increase the city mobility among other environmental and economic benefits. 



 

7 

 

 Furthermore, it will lead to the invention of Intermodal transport facilities which will further 

increase the logistics prospects of the community to create more job opportunities. The 

intermodal transportation system is a typical hub consisting of finely distributed collection 

systems, a practically distributed long-haul system and more than one transportation modes 

(Flodén, 2007). Finally, another significant contribution the study will bring is the reduction 

of traffic congestion. The idea of applying the simulation tool on this thesis is to demonstrate 

the traffic flow of the city to know the most affected areas to use it as a basis to plan new 

transportation routes which will reduce travel and transit times, fuel consumption and cost and 

to ensure a sustainable and environment-friendly city. 

 

As a result, management can utilize the findings to identify the optimum way to convey 

mining equipment and goods as well as contributing towards UN’s sustainable goals.  

 

1.6 Scope of the Study 

This study focuses on assessing the significant means of transporting mining equipment and 

goods to a consolidated platform. The study will cover the transport network used by the 

mining companies of Tarkwa and their major mine sites. It is therefore relevant that the 

required assessment is done with the assistance of the simulation model to identify the traffic 

points for analysis. Data will be acquired from top personnel in the mining industry of 

Tarkwa, with a particular focus on the officers in charge of Supply Chain and Transport. 
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1.7 Limitations of the Study 

There will always be limitations in research, and this study is no different. These limitations 

will undoubtedly have an impact on how the investigation is carried out. The researcher must 

contend with tremendous time pressure. Due to the researcher's need to balance his 

professional and research responsibilities, time was severely limited. This was due to the fact 

that it constrained the type of work that would otherwise have been done if the researcher had 

the most time. 

 

1.8 Organization of the Study 

The study is organized along five main chapters. Chapter one introduces the study which 

composes the background to the study, problem statement, study objectives, research 

questions, the study area, significance of the study and the chapter organization. Chapter two 

contains relevant literature on the subject under study. Chapter three is research methodology, 

highlighting sources of data, study population, sample size, sampling technique, data 

gathering instrument, data collection procedure, data analysis procedure and limitations of the 

study. Chapter four covers the results presentation and data analysis. And the fifth chapter 

covers discussions, recommendations and conclusion. 
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CHAPTER 2 

LITERATURE REVIEW 

2.0 Introduction 

The topic, context, problem statement, objectives, and research question were all introduced 

in the previous chapter and served as the general introductory chapter. Additionally, it 

examined the thesis' organization and the study's importance and expectations. Finally, it 

aimed to put the subject covered by the research into context. Finally, it offered a few insights 

that contributed to development of an understanding and purpose, as well as an expectation 

for the conduct of this research. 

 

This chapter, however discusses the pertinent annotations, overviews, and theories that 

examine the sustainable means of transporting goods to a consolidated platform.  The chapter 

will also examine in detail the empirical research as well as the current contextual and 

conceptual framework, which presents a critique on the on-going inquest of transporting 

goods to and from the consolidated platform.  

 

Concerning the current trends and topics about the research issue, it sought to situate the 

subject within the body of pertinent literature and provide the necessary framework. This also 

made it possible to follow up on citations to crucial sources in the research field to gain 

further context for the subject. By doing this, the contributions of these critical sources were 

made public while also highlighting any potential gaps that needed to be filled. For a more in-

depth understanding and practical application, a thorough examination of the ideas and 

concepts behind the topics was also done. This examined the definitions and comprehension 
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of different academics in the field of study on the crucial terminology from their diverse 

points of view. 

 

To understand the historical and present state of knowledge about the subject, the review 

identified, described, and examined connected scholarly works in the research area. An 

adequate discussion was then established using the understanding gained from what was 

found to be existing knowledge in the literature to help answer the research question. The 

following categories of literature reviews were done: a conceptual, theoretical, empirical, and 

conceptual framework. 

 

2.1 Conceptual Review 

This section entailed assessing writings by authors on ideas connected to the topic matter. The 

section defined terms such as sustainability, urban freight transport system, sustainable urban 

freight transport system, urban freight consolidation, sustainable strategies for their 

implementation, and the importance of consolidated urban centers in the present scenario.  

 

2.1.1 Sustainability 

The terms sustainability and sustainable development have grown much more important in 

academic studies of environmental problems, environmental management laws, and industrial 

and agricultural output, among other topics (Ruggerio 2021). It incorporates two major 

concepts: the concept of 'needs,' particularly the essential needs of the world's poor, to which 

top priority should be given; and the idea of restrictions imposed on the environment's ability 

to supply existing and future requirements by the state of technology and social structure 
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(Behrends et al., 2008). This concept emphasizes three critical elements of sustainable 

development: (1) economic growth, (2) social fairness for fulfilling today's and future 

generations' needs, and (3) environmental protection for meeting today's and future 

generations' requirements. It also disproves the widely held belief that some environmental 

and societal repercussions are trade-offs for economic development. 

 

Lozano (2012) defines these characteristics as activities that proactively contribute to the 

maximum assurance of sustainability in his research on corporate sustainability.  

Elkington (1999) also created the Triple Bottom Line (TBL) concept, which considers various 

bottom-line characteristics beyond legal perspectives, such as social and environmental 

assessments. Lozano (2008), on the other hand, highlighted and introduced a new perspective 

on sustainability based on the World Commission on Environment and Development 

(WCED) concept, which includes: (1) the traditional economists' perspective, (2) the social 

perspective, (3) the integration perspective, which encompasses economic, environmental, 

and social dimensions, 4) the inter-generational perspective, which focuses on time, and 5) the 

holistic perspective, which is intended to help the public understand sustainable development 

and raise awareness. 

 

2.1.2 Urban Freight Transport System 

The OECD (2003) defined urban freight transport as the delivery of consumer goods (not only 

by retail but also by other sectors such as manufacturing) in city and suburban areas, 

including the reverse flow of used items. From an actor's standpoint, Dablanc (2008) defines 

urban freight transport as transporting commodities by or for professionals in an urban 
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context. Urban freight transportation allows citizens to access products consumed and used 

daily (food, clothing, furniture, books, cars, computers, and so on) wherever and whenever 

they need them, thus playing an essential role in meeting citizens' needs. Still, it contributes 

significantly to the 12 unsustainable effects on the environment, economy, and society 

(Behrends et al., 2008).  Researchers, scholars, and professionals have attempted to apply 

sustainable development ideas in urbanisation, and metropolitan nations since Brundtland's 

study in 1987 brought global attention to the notion (Goldman and Gorham, 2006). In the 

progression of sustainable urban development, urban transportation plays a critical role 

(Russo and Comi, 2012). Based on the generic principles of sustainable development, May et 

al. (2001, p.26) identified six sub-objectives of a sustainable urban transportation system. 

These principles include: 1) economic development, 2) livable and healthy roads, streets, and 

neighborhoods, 3) ecological protection, 4) equity and social inclusion, 5) safety and 6) 

economic swing contribution. 

 

Safety, fuel consumption, road access, congestion, and car emissions are also five critical 

factors for sustainable transportation, which are particularly relevant in urban environments, 

according to Richardson (2005). 

 

2.1.3 Sustainable Urban Freight Transport System 

According to Behrends et al. (2008), a sustainable urban freight transport system achieves all 

of the following goals: to ensure that the transportation system is accessible to all types of 

freight transportation; to reduce air pollution, greenhouse gas emissions, waste, and noise to 

levels that do not harm citizens' or nature's health. To improve the resource and energy-
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efficiency, as well as the cost-effectiveness of goods transportation, while accounting for 

external costs; to contribute to reducing global warming. The transportation system is a 

significant contributor to the unsustainability of urban regions, as well as many negative 

social, environmental, and economic aspects of urban freight transportation that policymakers 

can target to enhance sustainable circumstances (Browne et al., 2012). While freight transit 

accounts for approximately 10% to 18% of all cars in cities, it accounts for roughly 40% of air 

pollution and noise emissions (European Commission, 2006). When it comes to urban 

locations, it's also vital to consider if a place is attractive or suitable for living, as well as 

issues such as traffic, noise, and safety (European Commission, 2011). 

 

On both the provider and user sides, freight transportation is regarded as a private sector 

phenomenon driven by commercial imperatives, causing traffic conditions in cities worldwide 

to worsen (Behrends et al. 2008). According to Crainic et al. (2004), official authorities are 

unconcerned about private-sector operations leading to the number of vehicles of all types 

rapidly expanding. As a result, traffic congestion and pollution levels are rising, harming the 

city's quality of life. The vast majority of cities, particularly in Europe, have yet to come up 

with suitable methods to optimize urban commodities mobility. All players appear to be 

anticipating initiatives from the opposing side. On the one hand, city governments expect 

businesses to establish new logistics services tailored to the evolving needs of customers and 

retailers; on the other hand, logistics providers wait for municipalities to initiate (and 

subsidize) new services before launching a business, which could be unprofitable and risky 

(Dablanc, 2007a). This has therefore made it difficult to design clear logistical standards that 

account for all traffic congestion (Behrends et al., 2008).  
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2.1.4 Urban Freight Consolidation 

The freight transportation industry is a significant employer and frequently contributes to 

regional and national economic development, and traditionally, operating businesses are in 

charge of urban freight transportation planning (Morana et al., 2014). However, due to 

congestion and other factors, freight transportation is also a source of environmental 

disruption, especially in cities (Crainic 2008). For more than fifteen years, city logistics has 

been developed in urban contexts, providing solutions and approaches to assist public 

authorities and other stakeholders in the planning and administration of urban freight 

transportation (Taniguchi et al. 2001). These solutions are aimed at better understanding and 

quantifying these phenomena. They are the first step in forming new science that various 

writers have dubbed City Logistics Urban Logistics or Consolidation centers (Morana et al., 

2014). According to Morana et al. (2014), Urban Consolidation Centers (UCC) are one of the 

most common solutions for freight transport conundrums. Several city logistics actions are 

organized around the concept of the urban consolidation center (UCC), which is defined by 

Allen et al. (2010) as a logistics facility located in relatively proximity to the geographic area 

that it serves, which many companies deliver goods destined for the site, from which 

consolidated deliveries are made within that area. According to Cidell (2010), freight 

transportation has shifted from historical central sites to peripheral suburban regions in recent 

decades due to: the massive growth of suburban zones that accommodate inter-modal logistics 

centers; changes in global logistics industries' requirements; the need for diversity in 

transportation modes; easier or shorter distances to the main road, rail, and air transportation; 

and new infrastructural developments. Technological advancements force businesses to 
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consolidate their operations on a single platform, which usually necessitates more space 

(Glasmeier and Kibler, 1996). 

 

According to (Morana et al., 2014), in as much as UCCs have several positives, they have 

their limitations as well. They highlighted that UCC requires significant upfront investments 

in infrastructure, facilities, and human and technical resources (including delivery vehicles), 

frequently augmented by public funding. This assistance is insufficient, as the UCC's overall 

income does not always meet operational costs. Furthermore, under certain circumstances, 

transport operators are still hesitant to employ UCCs because the schemes associated with 

these logistics platforms require at least one additional transshipment. Ville et al. (2010) also 

emphasized the following as the primary drawbacks to employing UCC systems: 

1. Legislation: Although it can be viewed as a positive component in UCCs but legislation 

can be a stumbling block when it comes to freight compatibility, i.e., the rules and 

regulations that prohibit the transport of hazardous materials, loading a truck with a 

variety of things (for example, hazardous materials) when dealing with commodities, fresh 

food, garbage, raw materials, and so on) or when dealing with competitors. 

2. Organization: The physical and organizational requirements for freight compatibility can 

stifle the growth of a UCC. This means dimensions, type of packaging, stock unit, and the 

necessity for specific loading and unloading equipment will always limit the coexistence 

of two shipments on the exact vehicle or consolidation platform.  

3. Cost: If a transshipment necessitates organizational change, it also requires an increase in 

prices. Although some UCCs have devised optimization strategies to lower these expenses 
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and impute equivalent fees to transportation providers, the issue remains concerning when 

planning and creating these platforms. 

4. Responsibility. The criteria relating to the transport operator's duties are spelled out in the 

contract between the various parties. It will not interfere with sharing if the collaboration 

between UCC distribution system partners and customers is governed by an agreement or 

charter that clearly defines accountability issues. 

 

2.1.5 Sustainable Strategies for Urban Consolidation Centers 

According to Allen et al. (2012), the economic benefits of urban freight transportation 

represent alleviating some of the challenges they face, such as a shortage of room for 

loading/unloading, handling, delivery, and client collection time. Sustainable city logistics, 

whose goal is to establish the best logistics operation for the freight distribution system that 

can be taken into account for both environmental and economic benefits of the enterprises, 

could play a vital part in overcoming these issues (Taniguchi et al., 2003).  

 

Research, such as Rao et al. (2015), He et al. (2017), and Liu et al. (2012), the parameters for 

selecting the site of UCCs are as follows 

A. Economic criteria: land cost, where adequate space will allow for smooth operation; 

flexible delivery, where a suitable location will allow for a reduction in lead-delivery 

time; transportation condition, where the availability of various forms of transportation 

will make freight operations easier 

B. Environmental criteria: Environmental concerns relevant to environmental protection, 

such as reducing air pollution and greenhouse gas emissions; impact on the ecological 
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landscape to be protected from harm; climatic conditions such as temperature, rainfall, 

and floods. 

C. Social criteria: Infrastructure availability, such as roads and communication facilities; 

safety and security; adherence to public authority roles and rules; impact on adjacent 

neighborhoods, such as disruption of life quality and public health. 

 

2.1.6 Importance of UCCS in Logistic Centres 

In terms of functions and performance, the word "logistics center" is used in a variety of 

ways: a distribution center, a central warehouse, freight or transportation terminal, a logistics 

center, a distribution center, the central warehouse, an urban consolidation center, a transit 

node, freight village, logistics depot, distripark, etc. (Rimien and Grundey, 2007). Paddeu 

(2018) highlighted further case study analyses by concentrating on the stakeholders' 

perspective to identify the significant successes of a UCC program. He demonstrated how the 

case of SMILE in Malmo was successful. SMILE enabled receivers and suppliers to 

collaborate to shorten the distance fresh food traveled. Additionally, Binnenstadservice (BSS) 

in Nijmegen is an excellent example of UCC success, prioritizing receivers over carriers. This 

project included small and independent retailers where deliveries are provided free of charge 

by ecologically friendly delivery vehicles. The strong results of the BSS project in Nijmegen 

prompted other franchise attempts in other Dutch towns (for example, BSS has already begun 

operations in Den Bosch without any subsidies). As a result, BSS becomes a more exciting 

partner for carriers by expanding the concept to additional Dutch cities, which could result in 

new revenue for the company. Morganti and Gonzalez-Feliu (2015) also investigated Parma's 

consolidation center known as Ecocity, which was established because 55% of the pollution 
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produced by road vehicles is related to freight transport. The implementation of the Ecocity 

resulted in Suppliers and transport operators delivering to the freight consolidation center, 

where the items are subsequently returned to receivers in the city center by 14 vehicles, 

aligning with the local authorities' aims of: 

1. Avoiding harmful effects on citizens' health, air pollution, greenhouse gas emissions, 

waste, and noise. 

2. Improving resource and energy efficiency, as well as the cost-effectiveness of products 

transportation, when external expenses are taken into account 

3. Improving the beauty and quality of the urban environment by reducing accidents and 

traffic congestion while maintaining citizen mobility. 

Sheffi (2013) also highlighted several distinctive aspects and advantages that are linked with 

industrial logistics platforms like UCC: a lower cost of transportation; a higher volume of 

freight transportation; a higher frequency of transit; shared assets in the vehicle, numerous 

enterprises using the same platform; faster and better customer service; the flexibility of the 

platform growth of logistics network capabilities; shared workforce; employment generation 

and increased diversification; employment; modern and creative operation and management 

system the terms of technology and innovation, as well as the other way around. Cambra-

Fierro and Ruiz-Benitez (2009), also in their study about the Zaragoza logistics platform, 

emphasized how logistics platforms like the UCC create intermodalism. According to them, 

intermodalism has emerged as a critical idea in freight transportation due to changing business 

trends. Effective transportation connectivity and the capacity to combine many modes of 

transportation in a single coordinated freight movement are essential for managers. 

Furthermore, Intermodalism can lead to the outcomes of alliances, joint ownerships, 
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networks, or the share of modes or terminals, which usually enhances economies of scale 

(Olivier and Slack, 2006). 

 

2.2 Theoretical Review 

Varpio et al. (2020) define a theoretical framework as a rationally created and integrated 

collection of concepts and premises advanced from one or more theories by a researcher to 

support a study. According to Trochim (2006), there are two areas of research: theory and 

observation. He defines theory as what is happening inside the researcher's head, whereas 

observation refers to what happens in the real world where data is being* gathered. An 

effective theory or combination of ideas can direct every step of your study, from developing 

your problem statement and research questions to presenting the results of your data analysis 

and writing your conclusions (Simon and Goes 2011). In light of the aforementioned and to 

respond to the research question, this study would be influenced by the theory of change. 

 

Theory of Change 

Reinholz and Andrews (2020) defined theory of change as a diagram or written description of 

strategies, actions, conditions and resources that facilitate change and achieve outcomes. It 

has explanatory power that is it should be able to tell why you think a particular activity or 

action will lead to a particular result. A good theory of change can give a program rationale 

that is based on best available research and practice evidence while also clarifying any 

assumption made by achieving success. 

From Church and Roger (2006), theory of change is very useful in evaluation by explaining 

how you will plan to get from program delivery to achieving outcomes.  
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Creating city logistics is an act of organizational change, and the question is how it emerges, 

develops, grows, or dies (Van de Ven and Huber, 1990). Four theoretical change kinds are 

briefly provided here to connect change process theories to city logistics. 

 

    Table 2.1: Change Process Theories 
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Source: (Nilsson and Gammelgaard, 2012; Van de Ven et al., 2013 and Van de Ven and 

Sun, 2011). 

 

2.3 Empirical Review 

This section aims to review research projects completed by authors in areas connected to this 

field of study. It is intended to provide empirical findings that will help the study's chosen 

topic area. Empirical Literature reveals extant literature on the trends and perspectives of city 

transportation.  

 

An examination of seventy City Logistics initiatives by Benjelloun, Bigras, and Crainic (2008) 

reveals many significant tendencies and issues. A review of practice and literature indicates 

that: 1) after an initial period of "experimentation," several concepts in terms of business 

models and system organization appear to emerge; 2) from 2000 on, many new initiatives and 

innovations have been introduced that open new perspectives and challenge research; 3) the 

"optimization" and utilization of advanced information technologies (e.g., ITS) components of 

City Logistics are not significantly developed yet;  4) not all co-location services are available; 

and 5) not all co-location. The field is new and rapidly changing. As a result, the paper serves 

as an invitation to join in the endeavor to address these concerns and challenges, develop 

these models and methodologies, and contribute to making our transportation systems more 

efficient and our cities more livable. 

 

Rudskaia and Eremenko (2020) investigated and presented conceptual principles and practical 

recommendations for establishing public-private partnerships in urban transportation logistics. 
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The following findings were obtained after the study: - the necessity of changing the format of 

transportation and logistics services for urban economic relations is established; - the efficacy 

of founding a city network of interceptive logistics sites for trucking based on public-private 

partnerships is justified, and parameters for choosing locations for such logistics facilities are 

developed, and their attributes are formulated; - recommendations on advanced transportation 

are made. 

 

Rozario and Hamid (2018) also devised a method for evaluating the most important elements 

in deciding whether or not to relocate logistics enterprises to an integrated logistics platform. 

The thesis also emphasized the relocation's favorable impact on the triple bottom line of 

sustainable development, which includes reduced traffic congestion, CO2 emissions, shorter 

transportation distances, shorter travel times, lower costs, and more mobility. Furthermore, 

DHL will benefit from this thesis because it will allow them to use the systematic method as a 

tool to examine the elements that influence the decision to relocate to the Tolvfors Logistics 

Park. There is a scarcity of mixed methods research on this topic with a case study. Moreover, 

employing FlexSim-6 software that contributes to traffic flow optimization is also an 

advantage in this thesis. The research contributes to the literature on sustainable city logistics 

in theory. Practically, this research gives some motives for internal and external stakeholders 

at the strategic and operational levels to relocate logistics enterprises from the city center to a 

suburban logistics platform to take advantage of transportation intermodality's benefits. 

 

Based on the authorial SLIM-PREF model, Kiba-Janiak (2016) identified the major success 

elements for city logistics and their importance from the perspective of various stakeholders. 
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In addition, the findings of work done using the Juptyer technique among professionals from 

around the world are provided in this thesis. The results suggest that depending on the 

expectations of different stakeholders, the list of important success indicators for city logistics 

should be other. 

 

Boudoin et al. (2014) illustrated the stakes of urban goods transport integration in city 

development through a supply chain and platform approach. The topic of urban logistics was 

examined from both a public and private sector perspective. Various logistics platforms are 

presented as feasible solutions for improving goods distribution within urban regions by 

identifying the structure of current and hypothetical future demand in urban goods flows. 

They concluded with suggestions for new organizational forms, technology, and governance. 

Morana (2014), in her work, “Sustainable Supply Chain Management in Urban Logistics,” 

presented a conceptual framework for urban green logistics planning and evaluation to link 

urban logistics to green supply chain management, i.e., the government's perspective on the 

vision of the business. As a result, a dashboard and the conceptual framework are proposed 

and shown through a case study: the Cityporto urban logistics system of Padua, Italy. 

Lindholm and Ballantyne (2014) also highlighted how local governments in Sweden, the 

United Kingdom, and the Baltic Sea Region see urban freight difficulties to drive a complete 

transportation planning process. In these nations, interviews were performed and analyzed to 

determine the elements influencing local government and freight operator perspectives of 

urban freight transportation difficulties. Also covered are the links between municipal 

governments and freight stakeholders. The findings of the study demonstrate that, despite 

local governments having begun to recognize freight transportation more frequently, the 
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difficulties that the freight business faces are still not fully understood. This study aimed to 

show local governments the potential benefits of incorporating freight stakeholders in the 

transportation planning process by assisting in the development of a better knowledge of how 

to approach urban freight stakeholders. The study promoted more in-depth interactions with 

key freight stakeholders early in the transportation planning. 

 

2.4 Conceptual Framework 

Conceptual framework as a collection of connected ideas that, when taken as a whole, offer a 

thorough explanation of a phenomenon or set of facts (Jabareen 2009). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 1 Last-mile delivery in a hub-and-spoke network of a consolidation center 

Source: Author Consturct  (2022) 
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The framework refers to using considerable vehicles to move products from shipping 

terminals or the harbour. The terminals are where trans-shipment operations take place. Long-

distance transportation from the sending depots are conveyed on the routes to the consolidated 

platform. The last-mile delivery allows the many companies whose goods have been 

consolidated at the plateform to pick up and distribute the commodities to their various sites 

and stations for operational needs. It's about short-distance transportation with small trucks. 

 

According to the literature, city logistics policies are often adopted in medium-sized cities. In 

truth, city logistics systems are more challenging to develop and administer due to the 

complexity and size of commercial sectors in large cities. 

 

In addition, when other rules (such as access regulation, limited traffic zones, and so on) are 

implemented, this type of system is more successful. As depicted in the conceptual 

framework, the Urban Consolidation Center (UCC) is the most well-known example of city 

logistics intervention. Multiple shipment deliveries meant for specific destinations are 

unloaded at the UCC, which is usually located in the city's immediate vicinity. Here, goods 

are received, consolidated by a third-party logistics provider or in-house logistics created 

through a collaboration between several companies, and then delivered to the sites using 

environmentally friendly full-load vehicles, to optimise deliveries and lower transportation 

costs. Thus, the UCC program underpins the logistics collaboration concept by sharing 

resources such as warehouse facilities and vehicle capacity with other prospective competitors 

for the last mile. 

 



 

26 

 

2.5 Chapter Summary 

For operational and consumer purposes, this chapter tried to study empirically the sustainable 

means of conveying, consolidating, and moving commodities and services to their final 

destination. The chapter began with a definition of sustainability, followed by an overview of 

urban freight transportation and its sustainable aspects. The concept of an urban consolidation 

center and its functions, importance, drawbacks, and long-term strategies were then discussed. 

Second, it reviewed four perspectives on city logistics: city logistics from a life cycle 

perspective, city logistics from an evolutionary standpoint, city logistics from a dialectical 

viewpoint, and city logistics from a technological standpoint, as well as the theoretical 

framework that underpins the subject matter Theory of Change. 

 

In addition, implications of the stated aims in section 1.3 were discussed in the empirical 

literature review. The helpful literature review outlined above demonstrates that different 

research produces different outcomes while all are attempting to attain the same goal. In 

section 2.4, you'll find a conceptual framework that illustrates the topic's depiction. 
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CHAPTER 3 

METHODOLOGY 

3.0 Introduction 

This chapter discusses the procedures and the analysis of the data. It goes into great detail 

about the study's sources, statistics, and design. This chapter also includes a full explanation 

of the empirical methodology that identifies sustainable urban freight transportation and its 

consolidation for delivery. The processing and analysis of data is another theme in this 

chapter. 

 

3.1 Research Strategy 

Research is typically divided into mixed, quantitative, and qualitative methodologies. The 

quantitative research approach is frequently employed in the natural sciences and is usually 

founded on data that can be numerically measured (Leppink, 2016). The quantitative 

approach may use surveys, personality tests, and standardized research tools (Creswell & 

Creswell, 2017). A formal objective, a systematic procedure in which numerical data are 

employed to obtain knowledge about the world, according to Gawlik (2016), is what 

quantitative research is. 

 

On the other hand, the qualitative research approach is based on systematic processes and 

procedures and incorporates the researcher's unique perspectives into the findings and 

recommendations. Because it may recount and characterise a relationship in a particular 

context, this approach aids in understanding why and how a phenomenon occurs (Parkinson 

and Drislane, 2011). Additionally, qualitative research seeks to comprehend a social 
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phenomenon and its practises, typically providing words rather than figures for data analysis 

(McCusker and Gunaydin 2015). 

 

However, the mixed-method involves using both quantitative and qualitative approaches, 

which entails collecting and analysing both types of data for a single study or many studies 

(Creswell and Clark, 2011). According to (Leppink, 2016), mixed-method research is justified 

since, in comparison to utilising only one approach, it provides a more explicit knowledge of 

the study challenges. As a result, the mixed approach (both quantitative and qualitative) 

research design was adopted in this study. Furthermore, combining the two improved the 

study since it took advantage of each approach's benefits to clarify the study's goals. 

 

3.2 Research Approach 

Researchers can employ three alternative tactics to attain the intended goal, according to 

Andreewsky et al. (2000): i) deductive approach, in which the research moves from a general 

law to a specific case to test the developed theories or hypotheses; ii) inductive approach, in 

which the research moves from facts to theories in the opposite direction of the deductive 

approach; iii) abductive approach, which is a creative method for finding a reasonable 

hypothesis to match with a given phenomenon. As a result, the study in this thesis uses a 

blend of deductive and inductive methods. Deductive in the sense that the thesis aims to build 

a systematic method based on current literature and by examining its consistency with 

theories relating to city logistics and sustainable urban freight movement and consolidation. 

The data was gathered from Google Maps, observation, and interviews. 
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According to Malhotra and Malhotra (2012), exploratory, explanatory, and descriptive are the 

three main research designs adopted by researchers when carrying out research. Experimental 

research aims to discover more about the research questions and is not intended to offer final 

and conclusive results to prevailing research problems. Explanatory research examines the 

relationship among the various variables used for a study. Similar to descriptive research, 

explanatory research provides a quantitative analysis of data.  

 

Descriptive research describes the sample population using numbers that usually provide a 

conclusive answer to the research problem. In addition, the descriptive analysis defines 

various elements' attitudes, opinions, and behaviours concerning the subject under study 

(McCombes, 2019). The research designs employed for this work were exploratory and 

explanatory since they had to explore and observe a phenomenon and required quantitative 

analysis. 

 

3.3 Research Design 

The study's case study approach is based on the chosen research design. "A case study is an 

empirical inquiry that analyzes a contemporary phenomenon inside its real-life environment," 

according to Yin (2009), "particularly when the borders between phenomenon and context are 

not readily visible." Case studies can show the intricacies of real-life circumstances that 

experiments and survey research may not be able to portray (Zainal, 2007). 
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3.4 Research process 

This study began with preliminary research to better understand the subject matter and 

identify and explore the best options to collect data. Voss et al. (2002) also stressed the 

importance of exploration in developing research questions and ideas. This was further 

highlighted by Peters et al. (2012), who offered a quick outline of the research process: 1) 

Planning; 2) Broadway identification of the study area; 3) Research topic selection; 4) 

Approach decision; 5) Formulation of the action plan; 4) Data and information collection; 5) 

Data analysis and interpretation, and 6) Presentation of the findings and results. 

This thesis is based on a proposition which will aid in creating a means of a link or route to 

lease off pressure from the main Tarkoradi – Tarkwa - Damang route, which has already been 

discussed with the Prestea-Huni Valley Municipal Assembly and the mining companies in the 

municipality. The main reason for the move is to create a new transport network to link the 

assumed logistics platform that would house existing and new mining companies’ goods and 

services, reducing traffic congestion and increasing employment opportunities in the 

municipality. By conducting the case study, an attempt was made to find answers to the 

research questions to build a systematic strategy for assessing the proposed transport network 

to the logistics platform. 

 

3.5 Data Collection and Sources 

The study used secondary data from the different sources below:  

➢ Observation: to measure the average number of vehicles and actual time count for the 

roads under study 
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➢ The Prestea-Huni Valley Municipal Assembly: The information about regulations needed 

to ensure practical completion of the proposed consolidation center.  

➢ Google map: The traffic flow of the roads, routes, distance measurements, and time 

counts by digitizing the main route and the proposed route.  

➢ The data obtained was exported as a comma-separated value (CSV) format to the Jupyter 

Notebook for analysis. The fields within the table consisted of the Point ID and the 

Coordinates. 

Primary data was also gathered through interviews. According to Saunders et al. (2009), there 

are three types of interviews: structured, semi-structured, and unstructured. The fundamental 

approach in a semi-structured interview is to act and reflect upon the nature of the interchange 

of the expressions between the researcher and the participant, where the researcher or 

interviewer can prompt the interviewee, rephrase the questions or make changes according to 

the situation or demand of the time and interview (Galletta, 2013). As in this case, it was 

found that a semi-structured interview would be perfect and would be based on the questions 

of this thesis. The interviewees were the Logistics managers of the companies Gold fields 

Damang and Golden Star Resources Ltd, who have been working there for several years. The 

interviewees were selected from these companies because they are the largest employers and 

operators in Damang and other nearby areas. Therefore, the operations of these mining 

companies positively or negatively affect the communities socially, economically, and 

environmentally. A schedule was booked before the semi-structured interview. Then the 

interview was conducted to get information about the company's transportation system and 

routing process for the inbound and outbound transport in their warehouses. 

 



 

32 

 

3.6 Model Specification 

For the model specification in assessing the sustainable means of transporting goods to the 

consolidated center, the study adopted a traffic simulation model to establish the relationship. 

The application size of the network or the size of the junction, demonstration of process 

behaviour, or the size of the independent variables has all been used to create traffic flow 

simulation model theories (Mihăiţă et al., 2014). 

 

3.7 Definition and Description of Variables 

• Macroscopic: this kind of model considers the overall traffic flow and utilises variables 

such as average speed, flow, and density  

•  Microscopic: these models give attention to the individual drivers and the interaction 

between vehicles 

• Mesoscopic: these models have less level of detail or precision like the microscopic 

model, but more than the macroscopic, where the objectives of these models are to obtain 

the traffic simulation that can observe the congestion phenomenal 

 

3.8 Conceptual Model 

So here, in this part of this thesis, the problem will be described, the system and its boundaries 

will be defined, and schematization of the real system will be performed. Then the processes 

and data to be simulated will be determined and described concerning their functionalities, 

details of inputs, and results. 
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Traffic data from google maps for the study area was used and compared for different times 

within the day, specifically 7:30 AM, 1:30 pm, and 7:30 pm. In addition, the observation was 

done on random days to check for data anomalies such as unusual traffic due to road works or 

broken-down vehicles or trucks. Below is a google map depicting the traffic movements of 

the study routes. 

 

Figure 3. 1 Typical Google Traffic Data Dashboard for the Study Area 

Source: Goggle Map 

 

A web-based interactive dashboard app was developed in the Jupyter Notebook using the 

popular Folium plugin. An empty web map was first created with a default Open Street base 

map. Then, map control widgets such as zoom, overview map, and a map group layer were 

added to the map to organise the base maps and map layers. 

 

The route data was added onto the map as two different layers representing the main route, the 

Takoradi – Tarkwa – Damang route, and the proposed route, the Takoradi – Daboase -
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Damang route. The layers were organized under the map group layer control. In addition, an 

editor tool widget was added to the map to allow users to draw to create features such as 

points, lines, and polygons on the map. An export tool was also added to allow users to export 

the components they make on the map in a geojson format. 

 

Figure 3. 2 The Dashboard App in the Jupyter Notebook 

Source: Jupyter Notebook Simulation Tool 

 

The project codebase was exported as a web page with all the various assets, such as the 

HTML, CSS, and JS files. The final edit of the app was done in visual studio code. The 

default base map of the app was sent to Google Maps. The last app was packaged and 

published to a web hosting provider. A domain name was pointed to the app on the host, and 

the app was served on the internet. 
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3.9 Data Analysis 

According to Miles et al. (2014), data analysis consists of three activities: data condensation, 

display, and conclusion. According to Voss et al. (2002), data analysis includes presentation 

and conclusion. Sorting and editing data into written field notes, interview transcripts, 

documents, and other formats is called data condensation (Miles et al., 2014). After collecting 

data, one of the most important components of the research process is data analysis, carried 

out by researchers in qualitative and quantitative studies (Menter et al., 2011). Selected 

mediums are utilized to collect and analyze data in responding to the findings and making 

suitable suggestions for future research (Tomal and Hastert, 2010). 

 

The goal of collecting data for this study was to understand the route of transportation to 

sustainably convey goods and services of mining companies within the city of Tarkwa, 

Damang, Akyempim, Bogoso, and other nearby locations to a consolidated platform and to 

look at the various ways they can benefit from the such initiative, based on the data analysis 

process. In this scenario, qualitative data was gathered through a semi-structured interview 

with Goldfields Ghana ltd and abstracted using an inductive data strategy (Menter et al., 

2011).  Based on a comprehensive literature review, the research approach was utilized to 

generate qualitative data for conducting a semi-structured interview. A semi-structured 

interview with the Prestea-Huni Valley Municipal Assembly was also done to support the 

findings. As Yin (2009) advised, the discussion and meeting were well supported by taking 

notes, which were later digitally transcribed and archived. The data was then sorted, filtered, 

and identified to obtain answers to the study questions using both primary and secondary 

sources. 
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Figure 3.3 illustrates the classification of the simulation model, where the shstochastic system 

depends on more than one random variable and can be dynamic or static. In this theise, the 

stochastic path of simulation was used in other for the Jupyter Notebook to show the route we 

will propose to the consolidated platform. This then gave a dynamic feature for us to have a 

clear view of the engineering, economical and social view of the route. 

 

 

Figure 3. 3 Classification of Simulation Model (Shawki et al., 2015) 

Source: Shawki et al.., 2015 
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3.10 Chapter Summary 

The chapter presented the research methodology and discussed the various methods used to 

collect the appropriate data for analysis. The researcher discussed the research strategy, 

design, approach, process, data collection method, data sources, data processing and analysis, 

reliability, and validity. However, for the analysis, this research used a jupyter notebook to 

clean the data derived from google map and simulated it with the jupyter for analysis and 

discussion. The subsequent chapter looked at the results and discussions of the study findings. 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

4.0 Introduction 

This chapter exists to address the findings and discuss them. It encompassed the distance and 

traffic data derived from Google Maps and observation, presenting how the proposed route 

can help reduce the burden on the existing route to contribute toward sustainability. It 

analysed the data obtained and shown the results for discussion. 

 

4.1 Data Presentation 

The data was imported into Jupyter Notebook, a data science and machine learning tool that 

allows several python plugins to be installed and used. Since the data was imported into the 

notebook was not in the desired format, it was essential to clean it up into the desired format. 

Figure 4.1 and 4.2 below show the raw data extracted from the google map regarding the 

study routes and exported to the Jupyter Notebook to be cleaned for the simulation process. 



 

39 

 

 

Figure 4. 1 The Data before Cleaning 

Source: Goggle Map 

 

The Pandas and Geopandas modules were used to achieve the desired results. The first step in 

the data cleaning process was splitting the coordinate (coord) field into two different fields, 

latitude (lat) and longitude (lon), using the split function in python. The next stage in the data 

cleaning process was converting the latitude and longitude fields from text into float (decimal) 

to be usable during the data simulation process. The final step in the data cleaning process is 

to store the latitude and longitude fields in a list. 
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Figure 4. 2 The Data after Cleaning 

Source: Goggle Map 

 

This chapter discusses how data was obtained for the route simulation and analyses for the 

two routes: Takoradi – Tarkwa - Damang and Takoradi - Daboase – Damang. The 

consolidation center, as shown in the figure below, is located at Damang, the case study 

where both routes will link 
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Figure 4. 3 The Consolidation Centre location 

Source: Jupyter Notebook Simulation Tool 

 

The data consists of GPS points along each route. This research focuses on identifying an 

alternative route to the existing Takoradi - Tarkwa – Damang road, which can be developed 

for mining trucks to haul goods and services to a shared platform to reduce traffic congestion, 

and carbon emissions and increase productivity. First, the data for the two routes were 

simulated on a dashboard on a google map. Then, the alternative route was analyzed and 

compared to the route based on factors like distance, traffic, and travel time to ascertain if it 

could be a good alternative for redevelopment. A standard departure, Apowa Junction, and 

destination point, Damang, was used to ensure a good analysis. 

 



 

42 

 

4.1.1 Travel Distance and Time Analyses 

 

Figure 4. 4 Time and Distance for the Takoradi – Tarkwa- Damang Road 

Source: Goggle Map 
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Figure 4. 5 Time and Distance for the Takoradi – Daboase-Damang Road 

Source: Goggle Map 

 

Figures 4.4 and 4.5 above analyzed the two roads under study as depicted on Google Maps. 

From the figures, the distance of travel on the Takoradi - Tarkwa - Damang route is 115km, 

whereas that of the Takoradi – Daboase route is 130km. This means that on a typical day, it 

will take 15km more to travel to the destination if the proposed route is adopted for the 

mining companies. However, the difference in the distance may not be significant if it is 

compared to other factors such as road cut that will cause motorist to go move round towns 

that link to the main.  
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However, the average travel time for both routes is approximately the same (three hours) even 

though the travel distance differs significantly from that of the main route, the Takoradi – 

Tarkwa – Damang road being fifteen kilometres lesser. This could be attributed to traffic or 

congestion caused by heavy human activities, road tolls, and checkpoints on the main route 

compared to the proposed route.  

 

4.1.2 Traffic Analyses 

This section discusses traffic distribution within the study area compared at specific times, 

their causes, their effect on travel time, and why they need to utilize the proposed route to 

maintain balance and increase productivity. 
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Figure 4. 6 Traffic condition in the Study Area at 7:30 AM 

Source: Goggle Map 

 

 

 

Figure 4. 7 Traffic condition in the Study Area at 1:00 PM 

Source: Goggle Map 
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Figure 4. 8 Traffic condition in the Study Area at 7:30 PM 

Source: Goggle Map 

 

The figure above shows the traffic condition depicted on Google Maps at six hours intervals, 

7:30 am, 1:30 pm, and 7:30 pm within the study area. 

  

Figure 4.6 above shows significantly higher traffic conditions within the study area, 

specifically in areas such as Tarkwa, which is a significant route for trucks operating at the 

Damang mines. The proposed route, however, has a lower traffic volume and could thus serve 

as a good option for the mine vehicles. In addition, the traffic data was captured at 7:30 am, 

which is rush hour for business and other social and economic activities, increasing traffic 

congestion. This could negatively affect productivity for the trucks operating within those 

hours and public life within the area. 
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Figure 4.7 above shows significantly lower traffic, especially within Tarkwa, compared to 

areas within Takoradi. This could be attributed to reduced human activities as most people are 

already within their offices, schools, and other business operating sites.  

Figure 4.8 above shows significantly higher traffic, mainly within Takoradi and Tarkwa. This 

can be attributed to the dense human activities within these areas as people are returning to 

their homes after late work amidst the numerous night businesses and activities in these 

townships.   

 

Therefore, the traffic data presented from the map clearly shows that the distance of both 

routes is almost similar, with 15km separating them. But the proposed route of Takoradi-

Daboase-Damang shows a meager traffic rate on the map at three different times of the day 

compared to the Takoradi-Tarkwa-Damang. This will significantly increase the travel time for 

trucks using the main road, Takoradi – Tarkwa – Damang, during that hour. Therefore, 

adopting the development-006t and utilization of the proposed route will ensure balance and 

reduce the traffic and congestion on the main route by encouraging other drivers, especially 

mine drivers, to utilize the alternative route. 

 

4.2 Route Simulation Dashboard 

The figure below shows the two roads simulated on the web app. The Takoradi-Tarkwa-

Damang road uses a static polyline to depict the main or existing route. In contrast, the 

proposed route, the Takoradi-Daboase-Dabang road, is depicted using an ant-hill line. The 

map uses google as the base map; however, additional base map options are provided in the 

layer list widget for the users' benefit, as shown in the figure below. 
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Figure 4. 9 The Layer Tool 

Source: Jupyter Notebook Simulation Tool 

 

The draw toolset has widgets that allow the user to add different shapes such as points, lines, 

circles, and polygons which can be exported as a geojson file format using the export tool. 

This toolset can be handy for daily planning for the movement of mine vehicles within and 

outside the mine, as shown in the figure below. These diagrams can be saved and used as 

indicated earlier. 
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Figure 4. 10 The Editor Tool 

Source: Jupyter Notebook Simulation Tool 

 

The dashboard can serve as a centralized portal for planning transport routes for the daily 

operations of the mines and developing alternative routes with time. 

 

4.3 Measurements 

The field observation and measurements extracted from Google  Maps enabled the calculation 

of the distance, time, emission, and fuel consumption, as shown below in table 4. 

1. Reduction in travel distance and time: Takoradi to Tarkwa to Damang transportation 

distance and time will be significantly reduced by building a different transport route to 

the consolidated center. According to the calculations, the distance and time will be 

decreased from Takoradi to Tarkwa to Damang's present route by about 0.57% and 0.9%. 
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2. Emission: Constructing a new route to connect to the consolidated center can reduce 

carbon dioxide emissions by about 0.23% compared to the current route. 

3. Fuel usage: If a different route is built, mining companies might save up to over 0.57% on 

fuel because the less time spent in traffic, the less fuel consumed. 

4. Cost optimization: The new planned route will result in a 50 percent reduction in fuel 

consumption, translating into a 50 percent reduction in fuel costs. In addition, due to the 

bad nature of the Takoradi to Tarkwa road, the mining companies spend a lot on 

maintaining their trucks. Therefore, building a new sustainable transport route will also 

reduce maintenance costs. 

 

Table 4.1 Calculation of Mileage, Time, Emission, and Fuel Consumption 

 

Source: Authors’ Construct (2022) 

 

Stay Time = No. Of Vehicles X Travel Distance  

CO2 = No. Of Vehicles X Mileage X conversion factor:  

Conversion factor = 0.895 (kg CO2 Per vehicle-km (DEFRA, 2008) 

Fuel =No. Of Vehicles X Mileage X consumption factor; 
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Here, Consumption factor= 0.35 l/km 

Note: If, on the average of the day, about two thousand (2000) use only the Tarkoradi – 

Tarkwa - Damang route with the proposed; 

1. Too much Carbon dioxide (CO2) will be in the atmosphere. 

2. The fuel consumption rate will be high 

Therefore, if the proposed route is developed, the table above shows how the parameters will 

improve. 

 

4.4 Discussion 

Numerous linked elements play a role in the evaluation of transport networks and the location 

of freight consolidation centers. However, since the qualitative and quantitative measures of 

the elements are not always evident, and there are not enough appropriate resources to 

identify and evaluate all factors, assessing business transport networks and migration is not 

easy. Nevertheless, the significant influences on business transport networks and migration 

that were chosen for this thesis can be summarized as follows: 

1. Location 

2. Sustainable development 

3. Stakeholder involvement 

4. Infrastructure 

Damang, a town closer to Tarkwa, is a leading commercial city for gold mining in Ghana. It 

has a significant value in city logistics and supply chain because it is situated at a vantage 

point to link major cities such as Takoradi, Kumasi, and Accra. Most mining companies haul 

their products via Damang. Therefore, the best location to build a freight consolidation center 
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that will be easily accessible using the proposed new route.   Once this consolidation center is 

established, the mining companies currently placed in Tarkwa, Damang, Bogoso and other 

nearby areas can easily access it via the proposed route to be developed. This chapter will 

therefore try to discuss the answers to the research questions for this thesis below; 

What factors encourage mining companies to develop an effective means of transporting 

goods and services to a consolidated platform? 

1. Intermodal transport facilities.  

Intermodal transportation, a specific type of multimodal transportation in which freight is 

transported from an origin to a destination in a fixed intermodal transportation unit, has 

evolved into an integral part of international/intercontinental cooperation as a result of the 

growing demand for modular construction in a global environment (SteadieSeifi et al., 2014). 

Intermodal transportation is typically advised when the weight of the freight is less than 

25,000 kg and the travel distance is more significant than 500 km (Crainic and Kim, 2007). 

According to Flodén (2007), the intermodal transportation system is a typical hub of finely 

distributed collecting systems, a practically spread long-haul system, and many modes of 

transportation. 

 

The entire intermodal transportation process is divided into four main components, according 

to Liu et al. (2018): (1) a composition stage, which entails gathering, strengthening, 

packaging, and storing via road transportation; (2) a connecting or transferring stage, which is 

primarily utilized by freight trains for long distances; and (3) an interchange stage, which 

aims to prevent interruptions during transportation (4) A decomposition step, which depicts 

the distribution of the freight from the terminal to other locations, is included. As a result, the 
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terminal acts as an intermodal link between the local, regional, and global distribution 

networks. The indicators can provide information about the intermodal transportation 

facilities, using the Zaragoza Logistics Park as an example. Since the government of Aragón 

invested in it, Sheffi (2013) reports that between 2002 and 2008, the unemployment rate was 

somewhat higher than Spain's average unemployment rate. In addition, he noted that whereas 

overall production increased by around 83 percent in Spain between 2003 and 2008, it 

increased by nearly 87 percent in Aragón. Therefore, the proposed Takoradi-Daboase-

Damnag route linking the consolidated center shall also benefit the region regarding 

employment, production, transport mobility, shared assets, etc.  

2. Sustainable transportation facility 

According to Jacnya et al. (2014), unsustainable transportation has a number of negative 

effects on the environment and the economy. This proposed route to the consolidated center 

can address these issues by offering a sustainable transportation system similar to "Cityporto 

Padua," an operational service for goods delivery in an urban area in Italy. This freight system 

is concentrated in an urban distribution center and uses hybrid and compressed natural gas 

(CNG) vehicles to alleviate the pollution and freight transport issues. It is located inside the 

logistics platform "Interporto Padova," which also serves as the freight town. Owners of the 

55 carriers transport their cargo to the logistics platform, which is loaded into all the green 

vehicles and then delivered to the City Center. The project's favorable environmental and 

financial outcomes were made possible by its strategic location, the availability of a logistic 

platform, the impartiality of all freight firms, a dedicated IT system, and the support of all 

stakeholders (Morana, 2014). Additionally, using electric vehicles such as the Cubicycle 

(used by DHL in the Netherlands), electric tricycles (like those used by San Sabestian for 
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cargo cycle distribution), and electric tricycles (like those used by Correos for the Spanish 

Postal 50 service) can help cut down on CO2 emissions, improve pedestrian safety, and cut 

down on fuel consumption and traffic congestion. 

3. Shared platform 

Creating the consolidated center via the proposed route may offer the mining companies many 

benefits, including the opportunity to pool resources, improve customer service, and change 

their business volume. In this situation, Gajsek et al. (2012) talk about saving time and 

resources through this initiative. Furthermore, to interchange materials, information, and 

assets between nearby business partners, it is also essential to construct a general and shared 

resource center. Finally, employing a shared platform can be another reason to use external 

logistics operations to bridge distances inside or between areas. Involved companies, 

facilities, and the entire material or information flow from the supplier to the end users can all 

be included in external logistics activities (Aldin and Stahre, 2003). As they build strong 

bonds and work together to achieve and benefit from a common logistical platform, many 

companies, whether in the service or commercial industries, are arranged in the same venue to 

efficiently produce high-quality products or services (Porter, 2000). In this context, the 

proposed consolidated center at Damang can also assist the mining companies to gain 

enormous benefits ranging from having a shared infrastructure that can increase productivity, 

reduce travel and transit times, and bring innovative and value-added final products. 

4. Transport mobility 

This freight movement optimization is thought to enhance urban logistics since it significantly 

increases city mobility and positively affects the environment and the economy (Crainic et al., 

2009). Access to jobs, products, and services is determined by adequate mobility, which is 
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one of the best drivers for both economic and social development. In this regard, it is 

anticipated that the execution of the Takoradi to Daboase to Damang route will significantly 

impact both sustainable mobility and the reduction of emissions. 

 

What can economic, environmental, and social benefits be gained from developing an 

effective transportation network to a consolidated platform?  

1. Reduction of congestion 

Before new policies are implemented on the road network, traffic simulations can make it 

easier to make the necessary improvements to the network's infrastructure. The purpose of 

this thesis's simulation tool is to show how building a new route used by mining companies to 

haul their goods to a shared platform affects network traffic flow positively. Fig. 4.3a, b, and c 

display the typical usage of each route daily to confirm the simulation's behavior in the 

current scenario where all traffic flows—including trucks— appear. Although the distance 

traveled on the Takoradi to Daboase to Damang route is 15km longer than Takoradi to 

Tarkwa to Damang, it can be seen that the inbound and outbound traffic on the former is far 

less crowded than the latter. Therefore, drivers can escape traffic and save time whether the 

distance is short or long. The thesis assesses how a new route from Takoradi via Daboase to 

Damang will alter the behavior of traffic on the already busy and congested Takoradi to 

Tarkwa route. To reduce congestion to a significant percentage leading as well as other 

connected effects like reduction in emissions, fuel consumption, and travel time. While there 

has been a constant increase in automobiles on the road, the traffic situation is getting worse, 

which causes congestion and pollution. Reducing traffic congestion has various advantages 

(Crainic et al., 2004). The congestion phenomenon in urban areas is complex and tied to 
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several factors that may affect its demographic, social, and economic characteristics, the 

accessibility of public transportation, and the activities involved in the movement of urban 

freight. These factors, which go beyond people's control when deciding where to live and 

work, affect the demand for travel-related activities and cause congestion. To reap the rewards 

that enhance communities' quality of life, lowering the amount of congestion has thus become 

a crucial goal. The advantages include; better air quality, safer traffic, and time savings.  

2. Increased employment opportunities 

The development of a new sustainable transport route to a logistics consolidated center is 

viewed as a long-term project that could take years to complete, resulting in numerous job 

possibilities and helping to lower the unemployment rate. Long-term employment prospects 

might be anticipated after creating the consolidated center. For instance, the Interporto Padova 

in Italy, with its 2 square kilometers of space, is home to about 80 logistics businesses and 

3000 workers (Morana, 2014). 

3. Provision of port services 

The decision to build a consolidated logistics center via a new route for the mining companies 

will serve as the impetus for creating a shared platform. This will allow them to take 

advantage of the platform's services, which include on-site custom facilitation and customs 

clearance, efficient transportation infrastructure, and warehousing infrastructure. In addition, 

such services can also be provided to the city, which will use the chance to expand port 

services to neighboring towns by taking advantage of its advantageous geographic location. 

4. Reduction of noise 

Noise pollution is mainly created by traffic, industry, and other recreational activities. Noise 

pollution is a central problem in urban environments that impact human behaviour (European 
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Commission, 2017) and animal behavior (Raimbault and Dubois, 2005). Moreover, road 

traffic is considered the highest contributor to noise pollution in the urban environment. As 

per ECR (2017), noise affects people’s health directly or indirectly and costs the EU not less 

than 0.35% of its gross domestic product (GDP). So, by rebuilding a new transport network 

for the haulage of mining goods and services, a certain percentage of the heavy traffic 

vehicles will be removed from the main inner-city route of Takoradi and Tarkwa and 

definitely will reduce the noise and improve the quality of life of city inhabitant. 

 

4.5 Chapter Summary 

This chapter presented the study's findings, whose data was obtained from google maps and 

observations from the study areas and routes considered. First, it presented the distance and 

traffic data and later discussed the findings within the context of the objectives of this study. 

Finally, it answered the research questions to answer the factors that encourage mining 

companies to develop an effective means of transporting goods and services to a consolidated 

platform and the sustainable benefits that can be derived from such initiative.  
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CHAPTER 5 

SUMMARY OF FINDINGS, RECOMMENDATIONS, AND CONCLUSION 

5.0 Introduction 

Following the preceding chapters, which presented the results and their discussions, this 

chapter concluded the research outcome. Then, it reviewed what the study was about, its 

objectives, and the analysis results within the research objectives. Finally, based on the 

outcome and the possible impact of the study, it subsequently gave recommendations that 

may suit diverse interest groups in their decision-making and other purposes like future 

research direction. 

 

5.1 Review of Research Objectives 

1. Assess the key factors that can encourage mining companies to develop an effective 

means of transporting their goods and services to a consolidated platform.  

2. To investigate the economic, environmental, and social benefits of developing an effective 

transport network to a consolidated platform. 

 

5.2 Summary of Findings  

There has been very little research using mixed methods and a case study. The use of the 

traffic flow simulation optimization program (Jupyter Notebook) is another benefit to this 

thesis. The traffic simulation model highlighted the selected routes of this study and weighed 

the pros and cons of both routes using data generated from google maps and observation for 

comparison.  
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5.3 Conclusions 

After a critical analysis, the Takoradi to Daboase to Damang proposed route had the edge 

over the existing Takoradi to Tarkwa to Damang route. The study also adds theoretically to 

the literature on sustainable city logistics. Practically speaking, this particular study offers 

various incentives for internal and external stakeholders at strategic and operational levels to 

develop a new transport network to take advantage of the benefits of transport intermodality. 

 

5.4 Recommendations/Policy Implications 

Platforms for multimodal logistics can be quite helpful in overcoming organizational and 

operational challenges by using many modes and numerous linkages in the transportation 

chain. Therefore, aside from consolidated platform developments, intermodal transportation 

must also be looked into critically to help boost operations in the mining sector. These 

logistics shared platforms with the right transport network, and modes can link freight 

marketplaces, freight forwarders, and other types of transportation. These platforms can 

undoubtedly offer some critical advantages over several dispersed businesses situated in non-

industrial locations if they are managed optimally and appropriately. It can also develop other 

basic facilities such as housing creation in nearby environments. The housing problem can be 

alleviated by constructing homes in those regions that can benefit society.   

  

Therefore, supply chain management experts, Government, and other stakeholders may 

evaluate this very good option to develop innovative transport networks linked to logistics 

platforms in today’s age of globalization to enjoy all of its facilities with increased supply 

chain efficiency and advanced competitive advantages. 
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5.5 Future Research Direction and Limitations of the Study 

Initially, the research was intended to be done from a holistic point of view on different routes 

other than the two alternatives selected for this study. Still, later on, for time constraint, the 

study was limited to two road networks: Takoradi to Tarkwa to Damang (Existing route) and 

Takoradi to Daboase to Damang (Proposed route). Other locations and their laws and 

government regulations could influence the answers and lead to different perspectives in 

developing transport routes; logistics consolidated centers, stakeholders’ involvement and 

participation, urban freight transportation and city logistics and infrastructure facilities, etc. 

Furthermore, as the information and data were collected and based only on two road 

networks, the results could somewhat differ if some more road network locations were 

included. There were also some discrepancies in the data for calculating the emissions 

released and fuel consumption as there were no fixed and latest data, so we had to use field 

observation. 

 

However, because of this case study, researchers may draw analytical generalizations about it. 

Most aspects of urban freight transport and consolidated centers have been covered in this 

study, although others are still unexplored and merit additional studies. How should the 

government and project stakeholders work together to build an intermodal logistics platform 

in the case of consolidated logistics centers or platforms? What guidelines could there be for 

efficient and contemporary management and operation? How can GIS help with location 

selection to create the smart city concept? 
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APPENDICES 

Appendix1: Interview 

FACULTY OF INTEGRATED MANAGEMENT SCIENCES 

DEPARTMENT OF MANAGEMENT STUDIES 

INTERVIEW 

I am Prince Kofi Otchere, a student from Ghana studying for a master’s degree in Engineering 

Management at the University of Mines and Technology, Tarkwa, under the supervision of Dr 

Akyene Tetteh. The purpose of this study is to propose a “sustainable means of 

transporting mining goods to a logistics consolidated platform”. I am, therefore, appealing 

for your support to complete the questionnaire below. The study is purely for academic 

purposes, and the information will be confidential. Interviews conducted for this study will 

not be personalised, and as such, the names of individual respondents will not be mentioned 

in any way during and after the analysis. The strict confidentiality of the respondent is 

assured. You qualify to participate in this study based on your experiences on the issue under 

investigation. It will take you approximately 10 minutes to complete the whole interview. 

 

You may kindly contact me on 024 726 5001. 

Thank you very much for your time and effort in answering this questionnaire. 

 

Prince Kofi Otchere 

(Student) 

Part 1 

Semi-Structured Interview with Goldfields Ghana Ltd and Golden Star Resource Ltd 
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1  Can you brief us about the logistics and 

freight operations of your company?  

2  What are the most common routes used 

by your vehicles to go to highways?  

3  What is the average number of inbound 

and outbound trucks for your delivery? 

4  What are the total number and size of 

vehicles operated by the company 

including subcontractors’)?  

5  What is the loading/ unloading time?  

6  Do you have any big volume of goods 

transaction from the port of Tema or 

Takoradi?  

7  What are the destination zones away 

from Tarkwa or Damang?  

8  What is your preferred time in the whole 

day for loading and unloading of goods?  

9 Have you been approached by the 

Prestea-Huni valley Municipality for a 

future building of logistics center?  

10 What is your take on to move to the link 

a proposed route to a consolidated 

platform?  
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Part 2 

Semi-Structured Interview with Prestea-Huni valley municipality 

No.  Questions  

1  Can you tell us a brief on infrastructure 

planning? 

2  When will the proposed route to the 

consolidated platform take effect (the 

year it will start and end)?  

3  What is the infrastructural development 

that can be established in the logistics 

center? 

4  How will the project be subsidized?  

5  What is the plan of municipality 

regarding the allocation of the land?  

6 What kind of incentives the municipality 

will offer to the mining companies?  
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Appendix B:  

DABOASE ROUTE MODEL 
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