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Figure 29: Pineapple supply value chain
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Supply chain management of Pineapples from West Africa focusing primarily on Ghana.
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1. Introduction

Agriculture is a key stay of the Ghanaian economy. The contribution of agriculture to the country's Gross Domestic Product (GDP) was 31.8% in 2009 (Natural Resources Institute). Beyond their nutritional value which is essential for human development, fruits have become important commodities for income generation. Fruits and vegetables play important role in the global economy. Developing countries, including Ghana, are increasingly becoming an important part of the global food chain as demand for exotic product across the globe increases (Trienekens JH, Willems S). In Ghana production has increased in volume as a result of rise in global demand. Pineapples rank first as the most important non-traditional horticultural export commodity within the fruits and vegetables sub-sector in Ghana (Alexander OF, Anin EQ and Sarpong KO). Ghana is an example of a nation where low-scale production systems can be linked to a very challenging and quickly evolving industry dominated by a few competitors. Its competitiveness over the past decade has been based on its strategic selection of a market segment, namely the low-end discount retail market in Europe. (Danielou Morgane and Ravry Christophe). The world industry for pineapples is massively export-oriented, with 36% of the world's pineapple production, or 5 out of 14 million tonnes, getting exported. Processed pineapple products, such as juices, largely dominate this market, accounting for 80 percent of the trade. The market for fresh pineapple, however, has grown rapidly. Imports of fresh pineapple in the European market have also quadrupled (Danielou Morgane and Ravry Christophe). The exports of fresh pineapple are divided between Latin American and Sub-Saharan African exporters. Asian producers, who also produce a significant amount of the fruit, tend to specialize in processed products. The two main markets for imports are the United States and the European Union (Morgane & Christophe). International supply chains are an ever-growing factor of globalisation. These chains can extend across several continents and through countless, more complicated avenues that may not be possible for a local or national chain. With increasing geographical complexity and expanded timelines, perishable foods pose a greater risk of not reaching the end user with adequate quality compared to non-perishable foods. The study will focus on the supply chain of pineapples from West Africa and concentrate primarily on those sourced in Ghana which are then transported via global supply chain networks to the EU. Pineapple is a growing market for West African nations and currently exports over 72,000 tonnes each year (CBI, 2012). Supply chains are the network between a company and their suppliers that produces delivers a product to the end user that requires it. The process can take various forms and represents the steps taken for that specific product to reach the end of the chain (Investopedia, 2018). This study will critically evaluate potential risks to the chain from the source through to the processing, transportation and eventually the end user purchasing the fruit for consumption. To control these activities and ensure a company can provide a product through a successful chain, Supply Chain Management (SCM) can be implemented. SCM is the active management of supply chain activities to maximise customer value and achieve a sustainable competitive advantage (NC State University, 2018). By highlighting a number of areas in the pineapple supply chain, of which require specific interest to the success of any end to end product and its delivery of fresh acceptable foods to the end user. From its manufacture and production, warehouse management, specialised freight handling, supplier management, forecasting, security, transportation to its sales and the final point of the chain. Real-time alerts provide timely information on all shipping activities which is an increasingly popular supply chain management tool. Large businesses typically have high-volume supply chains with many distinct shipment kinds delivered to clients across the nation or around the globe. While this method allows growth, it can also leave your supply chain vulnerable to more errors. Real-time updates keep you in the know, so you and other stakeholders can take action before small issues become much larger.  Depending on the solution you choose, supply chain tools may also help manage the day-to-day operations within your warehouses. Supply chain management solutions provide a wide array of warehouse management capabilities related to receiving, product tracking, cycle counting, route planning and more. Moreover, warehouse management tools help manage the kitting and bundling process as well as multiple warehouse locations.  In addition to various shipping features, supply chain analytics tools can also incorporate different types of industry specific freight handling functionality. For example, the evolution of cold chain logistics and new regulations concerning perishable goods have changed compliance standards. Platforms now have integrated technology that can verify that goods were kept at the proper temperature right up to the last mile of delivery. This is vital in perishable goods on long logistics chains like pineapples from Ghana (IBM, 2019). Tying in strongly with bid and spend tools, supplier management is a must-have when it comes to procurement. Along with assistive features for cost issues, supply chain management tools can also help businesses get a better understanding of how they relate to their suppliers. Supplier management tools show the history of a business partnership and how it affects the supply chain. Moreover, not only does analytics provide insight into past practices, but it can also create forecasts to predict future demand. Based on past trends, using supply chain forecasting tools helps you anticipate your customers’ demand. This provides the essential information to make crucial decisions regarding production planning, labour management and supplier relationships in order to meet this demand (Ewan Roy 2017). 
In order to achieve a complete supply chain management solution, you need to have transportation management. Transportation and logistics tools help users manage the movement of inventory and materials from one location to the next. Supply chain management touches all of an organization’s functions. To succeed, the entire business and all external providers and services need to be working closely. This means that the management of the supply chain needs a multi-dimensional strategy incorporating individuals, procedures and equipment. (Ewan Roy 2017). People are key to supply chain management because they are the core of organizations. Individuals must have the abilities and expertise to handle the acquisition, production, transport and transport of goods for the effective supply chain leadership. The supply chain management processes are the measures that are adopted to satisfy clients. They include all functions involved in the supply chain: sourcing, distribution, transportation, warehousing, sales and customer service (Ewan Roy 2017). Technology is used in the supply chain to connect people and processes. However, supplies will not use technology unless it is simple for individuals engaged to embrace it. For the achievement of the supply chain, careful choice and execution of supply chain technology used by a business is crucial. (Ewan Roy 2017).  The study will highlight vulnerabilities using risk modelling. The present steps will then be evaluated to guarantee resilience using theory, industry methods and procedures. Once these regions are assessed, the efficiency of the region's supply chains will be measured as to their efficacy and proposed changes arising in future efficiencies. Lastly, this will highlight the sheer scale and difficulty of such an activity for main drivers for future international achievement in exporting and importing perishable products.
2. Critical evaluation of supply chain vulnerability

Supply chains can be extremely short in terms of process, geography and/or timeframe, however they can be highly complex in nature and involve vast information systems, be manpower and equipment intensive and stretch over several continents to achieve sale. It may also be referred to as preparation and governance of all operations related to the acquisition, transformation and governance of logistics management activities. In addition, it involves cooperation and coordination of suppliers, intermediaries, third parties service providers and clients. In essence, supply chain management integrates supply and demand management within and across companies (CSCMP, 2018). Food supply chains have an extra constraint of decreasing quality that makes the delivery of goods over expanded geographical fields or timeframes even more critical. The below model shows the outline supply chain of a company supplying the fruit from Ghana to its end user:
Figure1: Generic Pineapple Supply Chain
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(Adapted from, Department of Agriculture, Forestery and Fisheries, 2016)

This model shows the in country stages for the chain. It also highlights that the majority of the inputs to create a product saleable to the end user happen at the producer stage. The pineapples are then transported at a local plant to the manufacturing stage where they are classified and packaged for the next stages of the chain. It is essential to note at each point that farming and processing facilities may not be co-located, and transport resources must therefore maintain suitable timescales to avoid spoiling the production. From here the item is then transported or exported to several distributors in a nation where the bulk is bought and sold back by Supermarkets to consumers. In the majorioty of cases in Ghana and west africa, farms/production are made up of vertically integrated companies who own the supply chain all the way up to eport. Research suggests that in Ghana, 10 companies make up roughly 80% of exports (Trienkens & Williams, 2007).
After being selected for export, the Pineapples depart via various means. More often than not it is transported to a port. Contracted vehicles are often without temperature control as opposed to private vehicles that chill the product to increase its lifespan (Pegge, 2003). Produce is then shipped via ship to their respective countries. (Alexander et al, 2016). The pineapple is moved to the respective chilled warehouses after its arrival  in the EU, and then either sold to market merchants or supermarket stores ultimately for sale to the end user.
Supply chain risk can be defined as broadly as “anything that may interrupt the smooth flow of materials (or products)” (Waters, 2011). Because this is a broad yet true statement, all risks for your supply chain can not be identified, because some are just unforeseeable. Companies must nevertheless try to carry out as many threat analyses as necessary to identify vulnerabilities and therefore decide on that danger. Ways in which companies may gain visibility of risks and their impacts is through a risk model. The study has chosen a Failure Modes and Effects Analysis (FMEA) to record and detail various risks throughout the supply chain (Fig 2.) This will use a scoring system of 1-10 for increasing levels of risk. It will also use Treat, Tolerate, Terminate, Transfer methodology for decision making.
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As shown in the model there are several key risks that the chain must explore in more detail, 3 of these are:
· Pineapple Disease

This is an issue that can be disastrous for crops manufacturing in a number of respects, prevalent to all elements of agriculture. In the recent past, there has been an enhanced expansion of transboundary plant pests and illnesses. The decades of agricultural intensification have led to globalisation, trade and climate change as well as the decreased resilience on manufacture systems (FAO, 2018). Due to the spectrum of the microorganisms on the outside and within the growing inflorescence, fruit disease of pineapple is complicated (Ploetz, 2003). This means there are various risks of disease that could damage fruit production. The danger here is that disease may grow and that products may be shipped or marketed locally without understanding that there is a problem. This could lead to customer problems and a failure to buy any additional products until disease is combated. The risk of this is deemed low but severity is very high. This is due to current mitigation in place. 

· Lack of shipping capacity
The next risk to be detailed is the lack of shipping capacity. This has been considered to be a heavy danger in the FMEA and a permanent problem for the sector because the exporting businesses small size. It is not possible for them to contend in the purchasing of space with big shipping and export businesses. As a result, they must buy space from a larger company at times that may not fit their supply chain, often at higher costs (Pegge, 2003, Trienekens and Willems, 2007). This reduces the supply chain's stability owing to limited timelines and greater rates of complexity. The key issue is that the companies individually have little say and can not predict the deadline and magnitude of room needed far enough in advance. This hazard is frequently transferred to exporters from farmers because it is not a key problem. However, from the exporting viewpoint, this is an area where significant cost savings and increased flexibility could be achieved if resolved. Depending on the stage of purchase, enhanced timelines will be inadequate and would need to be transported by air cargo.  Increasing further unnecessary costs as the supply chain is inflexible (CBI, 2018). It might put them under enhanced stress to transfer costs back to the farmers, thereby putting the supply chain at a higher danger of failure. Despite this however, the market is growing rapidly and exports of tropical fruit from the region has been expected to rise by over 14% in the period 2014-2016 (CBI, 2014). Therefore, despite being a short term gain for the shipping companies, there is a progressive and reliable income source to be capitalised, should the correct forecasting, production and sales fruition.
· Cold Chain Assurance
A cold chain is a given temperature range is maintained to extend and ensure the shelf life of product. It means transporting temperature-sensitive products through logistical planning to safeguard the goods ' quality (Product Marketing Association, 2016). The assurance of the cold chain for pineapples has been shown to be one of the highest risks to the chain. As they are produced in hot countries their life expectancy without a cold chain is between 1-2 weeks however if stored at 7-7.5OC life span can increase to between 2-5 weeks’ dependant on variety (Joy, 2016) If refrigerated Given that life span is expected to be 3-5 days versus the off the shelf life expectancy at a supermarket of between 2-3 days (Waitrose 2018, Eat by Date 2018) highlighting the necessity and importance for the use of cold chain methods  if products were not subject to an extended geographical and time-based chain, then the requirement for cold chain diminishes.
3. Steps to make the supply chain more resilient
Supply Chain Resilience is a supply chain system's ability to reduce the likelihood of disruption, reduce the consequences of disruption once it occurs, and reduce the time to recover normal performance (Falasca et al., 2008). In view of this, it would be logical to believe that many companies would strive to accomplish this in difficult moments as a critical factor in the regeneration. However, most companies do not regularly assess the strength of their supply chain; 90% do not know whether key companies have business continuity plans and 75% have at least one major supply chain disruption a year. (PWC, 2013).
There are a range of steps to guarantee resilience with regard to ethical circumstances. To complicate matters further; while there are norms, they vary from one nation to another, rather than from the rest of the sector. One move towards improving resilience might be to merge the production line strategies to create a greater benchmark across the whole sector, requiring greater sector norms, and securing that noncompliants do not trade. A softer alternative is to participate with these organizations and try to replicate best practices from other sectors of fruit and new vegetables. These practices are released on a quarterly basis and are relevant for all subscribers to current issues. (Fair-Trade Africa, 2018). 
Combining resilience with the FMEA, the risk of unethical behaviour can enhance its resilience by concentrating on people, to warn customers that the system embodies morality that fulfil their requirements, which enhances their wage and circumstances for employees around the world. As a result, this would boost local markets and generate stronger infrastructure, possibly increasing infrastructure expenditure and leading to a favourable process of growth.
Another factor to improve resilience is of the cold chain assurance. As mentioned earlier, the cold chain plays a crucial role in moving new products across a multitude of food supply chains and one that improves sustainability, value and efficiency. With food waste measured at one quarter worldwide, food supply chains are increasingly under stress to decrease waste both internally and internationally (Badia-Melis et al., 2018). By using adequate packaging and transport products in temperature-controlled bottles, the spoilage could be reduced to just 5% (Vigneault et al, 2009). Ultimately this will result in cost reductions as well as higher revenues that could be reinvested in cold chain infrastructure growth, specifically within the pineapple supply chain. Improvements in this chain section's resilience are therefore essential to maintaining stability before maximising growth.

To improve this, investments in infrastructure and transport assets are clearly involved. First, expenditure in refrigerated production and delivery centers would be an expensive original outlay considering the quantity of production. However, this would be the point in which the product spends its first significant amount of time and maximizes the opportunity to increase flexibility by extending its life as soon as possible. The second area is within the transportation itself; however, the effect will be limited due to the sheer size of the supply chain. 
This study has analysed and evaluated current risks and produced methods in which to mitigate them. Current performance measurement policies need to be assessed and assessed on an ongoing basis to guarantee that they are suitable for function and bring into consideration existing risks and resilience. “Supply Chain Performance refers to the extended supply chain’s activities in meeting end-customer requirements, including product availability, on-time delivery, and all the necessary inventory and capacity in the supply chain to deliver that performance in a responsive manner” (Stanford GBS, 2004). It is therefore essential for the full system to understand and monitor all elements of results. In extremely competitive markets, properly controlled supply chains that are operated efficiently and effectively are an important factor to consider and the pineapple industry is increasingly becoming highly dynamic. (Deloitte, 2017). 
As shown in the FMEA, current resilience and performance management policies are common practices within areas of commerce such as farming, manufacturing and shipping. Quality control measures are already a key part of the process in the early stages of the chain which is realised by both farmers and manufacturing firms. They realize that this is eventually what the end user needs of the item, a Pineapple with flavour and appearance, which can be saved and eaten when needed. One disadvantage of this chain section, however, is that used farmland is not efficiently tracked on an industry-wide level for output and performance and depends on the producers ' own skills and knowledge. Moreover, there is a lack of visibility and collaboration in terms of product tracking and transferring between methods of land and sea transport. These holes and limitations put flexibility, waste cost and timelines under pressure. Combating this and pursuing a specified and developed supply chain includes development and capital by enterprises across the board, as well as by government agencies for agriculture.
It can fairly be presumed within the supply chain of Pineapple that fundamental analytics such as economic monitoring, staff turnover and cost fluctuations are already being tracked and mirrored in practical modifications. But in aspects of industry-wide monitoring of quality, it is uncertain whether or not it is efficient, particularly given that an approximate 70% of quality assessment schemes collapse after execution (Neely and Bourne 2000, Baggett and Hester 2013). By implementing information systems such as IBMs Watson Supply Chain System, the full chain would benefit from rapid operations, higher efficiency and a guide to knowing risks, data analytics suggests. (IBM, 2018). This would be accessible to many of the medium-sized and big companies that operate on the sector as they are already vertically integrated to an extent. These analytics will provide details on efficiency and vulnerability fields, further enabling the holes to be filled and strengthening the supply chain. This could be expanded to include farms where information on development trends, optimal circumstances and predictions of negative circumstances and return can be handled to enable senior management to plan for the prospective supply chain properly. This will decrease short-term expenses over an expanded period to enhance the operation's profitability. It should be noted that these kinds of schemes are designed to enable collaboration with current technologies. Cold chain assurance, for example, could be tracked and estimated waste projected rapidly through the chain, allowing the supplier to inform or make changes forward to mitigate this waste. 
Another issue this addresses is the shipping space. By creating data analytics in place, predictive models will be prepared to provide accurate timelines of when transport is needed, possibly enabling space to be purchased as soon as possible to prevent extra expenses. Alternatively, it can lead to the brokering of agreements with big shipping firms as it offers information on potential demands and as such offers stability and certainty through increased exposure. The downside of these schemes is that they control a big original outlay that may currently be out of touch, depending on the business. They would also disrupt the existing devices and their operating efficiency when installed. It would also take time and understanding of how to use them. Despite this, the advantages far outweigh the risk and expense. 

A more traditional improvement to performance management would be the use and analysis of KPIs. Key performance indicators commonly cover significant aspects of the performance of an organization or an individual in a certain period (Monster, 2018). Ensuring that these are revised and controlled internally as well as client facing allows businesses within the chain to evaluate results upstream and downstream. This can fairly be thought to be in place across the market's bigger businesses. To introduce this to all parts of the system, however, would improve awareness and better track the efficiency of fields such as agriculture, transportation and local delivery. This is a main characteristic in a specified supply chain, but only when used for market-wide effects.
A final performance measure for the supply chain of Pineapple could be by analysing competitors. Taking into consideration changes in market entry factors using models like Porters Five Forces (Porter, 2004) Companies can analyse previous, current and prospective obstacles to know how they perform and develop policies to address any disadvantages. The main benefit of competitor analysis is that in many of their activities, companies often demonstrate best methods which usually are not achievable by smaller companies. This could be an advantage to the West African market as they can take advantage of these practices without the burden of research and development costs. However, by applying the same principles, assessing more direct competitors can provide a competitive edge to a company's own performance and enable it to gain insight into the effectiveness of its own supply chains as compared.
4. Conclusion
In conclusion, the study has shown how the Pineapple industry in West Africa and specifically mentioned, Ghana conducts its supply chain. From producing the product on the farms, carefully selecting warehouses and transporting the product both in country and all the way to the EU via cold chain assurance; through to the sale of the end product to the consumer in their respective country. It has described an increasingly complex industry and carried out an FMEA study taking into account the hazards that present the supply chain; be that cold chain assurance or inflated costs. As the industry grows and starts to challenge Costa Rican dominance, the chain's resilience to such hazards has been thorough. Overall, the chain shows the development of resilience levels, but as new market share becomes available, there is considerable room for improvement. These have been comprehensive changes with contemporary practices and techniques to provide higher resilience which enable the organisation to benefit from the advantages of a more efficient supply chain. 

The study was set out to evaluate fresh pineapple production processes and activities in Ghana and West Africa. Ghana has proved to be a resilient and competitive pineapple and horticulture export leader in Africa. After rapidly gaining control of this low-end market segment, Ghanaian entrepreneurs and their partners are now responding to that challenge by scaling up production and adopting new technologies. Staying competitive requires a strategic and adaptive vision to constantly adapt to new market demands and competitor’s innovations. We recommend that parties in the pineapple supply chain should collaborate and coordinate their activities through effective communication and information sharing in order to maximize consumer satisfaction and supply chain profits. The future for the Ghana pineapple sector now looks extremely bright. The authorities will have to stay alert to the personal manufacturers ' destiny and guarantee that they are not kept behind in the overall concentrated movement towards vertical integration that will push multinational companies into the sector.  It is essential that a proportion of medium-sized exporters stay complementary to their own manufacturing alongside the multinationals which are dependent on out growers. At the same time, the government should promote contract farming. This is where the donor community, under the leadership of the World Bank and USAID, also has a role to play by encouraging the experiment in Ghana of best practices in the field of contract farming that have elsewhere proved successful in fostering the overall growth of a thriving fruit export industry while improving the livelihoods of smallholder farmers. 
If the West African and in particular the Ghanaian Pineapple Supply Chain develops these businesses as the markets expand, supply chain resilience could enhance to lead to higher revenues, motivated by cost reduction and growth of infrastructure. However, if they do not change with the increasing industry, rivalry will eventually seize hold and control the market, taking away a lucrative income for Ghana and West Africa. 
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