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1 Introduction

International supply chains are an ever-growing factor of globalisation (QUOTE). These chains can stretch over several continents and through numerous, more complex avenues that a local or national chain may not. With the increased geographical complexities, and extended timelines, perishable foods present higher risks of failing to reach the end user with sufficient quality in comparison to non-perishables or foods sourced locally (QUOTE).
With this in mind, the study will focus on the supply chain of pineapples sourced from West Africa to the EU. The fruit is a growing market for West African nations and currently exports over 72,000 tonnes each year (CBI, 2012). As a result; the study will critically evaluate potential risks to the chain from source through processing, transportation and eventually the end user purchasing the fruit for consumption. This will be achieved by using risk modelling to highlight vulnerabilities. It will then evaluate current measures to ensure resilience using theory, industry techniques and processes. Once these areas have been evaluated, the performance of supply chains form the region will be appraised as to their effectiveness and improvements resulting in potential efficiencies will be suggested. 
Finally, this will be concluded to highlight the enormity and complexity of such an operation and key drivers for future success in the export and import of perishable products on an international scale.

2 Literature Review
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). These 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. 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 maximize customer value and achieve a sustainable competitive advantage (NC State University, 2018). It could also be described as the planning and management of all activities involved in sourcing and procurement, conversion, and all logistics management activities. Importantly, it also includes coordination and collaboration with channel partners, which can be suppliers, intermediaries, third party service providers, and customers. In essence, supply chain management integrates supply and demand management within and across companies (CSCMP, 2018). The key takeaway from these definitions could be assumed as active management and integration, therefore is could be said that whilst factors improving a supply chain could be implemented in isolation, they add more value through combining them in a flowing, collaborative process that is constantly managed and controlled to achieve effect. Food supply chains come with the added constraint of diminishing quality, which makes these key factors even more crucial when providing products over extended geographical areas or timelines.
3 Evaluation and Appraisal

The supply of Pineapples from West Africa is split between 4 main nations; Ghana, Benin, Cameroon and the Ivory Coast (CBI, 2012). Whilst in a growing market, competition with Latin America who export over 10 times the volume in comparison ensures that companies seek to operate an efficient and cost-effective supply chain through SCM. The below model shows the outline supply chain of a company supplying the fruit from West Africa 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 sent to the manufacure stage at a local plant where they are sorted graded and packaged for the future stages of the chain. At each stage, it is important to remember that farm and processing plants may not be co-located, therefore transportation assets must keep within appropriate timelines as not to spoil the produce. 
From here, the product is then sent on to various retailers in country or shipped out for export to the EU where the majority are purchased and re-sold to comsumers by Supermarket like stores. In the majorioty of cases in West Africa, farms / production are made up of vertically integrated companies such as Bomarts, who own the supply chain all the way up to Export to retailers in the EU and America (Bomarts, 2018). In fact, research suggests that in countries like Ghana, 10 companies make up roughly 80% of exports (Trienkens & Williams, 2007).
After being selected for export, the Pineapples depart via various means. It is first transpoted to a port via privately owned or contracted vehicles. Contracted vehicles are often without temperature control as pposed to private vehicles that chill the prodcut to increase its lifespan (Pegge, 2003). Once complete the majority of produce is shipped via ports to their respective countries. However shipping is not often planned far enough in advance and as a result, remaining space on cargo ships has to be bought up in relatiely short time, increasing uncertainty and prices (Alexander et al, 2016). After reaching its destination in the EU, the Pineapple is transported to respective chilled warehousing for distribution to either market traders or supermarket style stores, to be sold to the end user. 
3.1 Supply Chain Risk

Supply chain risk can be defined as broadly as “anything that may interrupt the smooth flow of materials (or products)” (Waters, 2011). As a result of this being a broad yet true statement, it may be impossible to identify all risks to your supply chain as some may simply be unforeseeable. However, companies must endeavour to achieve as much risk analysis as possible in order to highlight vulnerabilities and thus make a decision surrounding that risk. 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.
Figure 2 – FMEA for the Pineapple Supply Chain in West Africa

	Potential
	Potential Cause
	Current Controls
	Severity
	Occurrence 
	Detection
	RPN
	In Delta
	Recommended Action 
	Res/Target Date
	Actions Taken 

	Failure Mode
	Effects of Failure
	
	
	
	
	
	
	
	
	
	

	Farming

	Flooding 
	Low to no production of Pineapple in that area. 
	Breakage of irrigation systems. Rivers breaking banks.
	Natural landscape negates the likelihood of flooding occurring.
	10
	1
	10
	100 - LOW
	 
	Tolerate - Due to lack of chance, funding for infrastructure could be spend on higher risks.
	N/A
	N/A

	Pest Damage
	Damage to quantity and quality of fruit.
	Lack of food elsewhere for pests causing migration.
	Fence lines, industry standard pesticides.
	4
	3
	5
	60 – LO8oW
	 
	Tolerate - Due to lack of chance, funding for infrastructure could be spend on higher risks.
	N/A
	N/A

	Pineapple Disease
	Loss of production, fields require treating and new land to be acquired.
	Migration of disease carrying pests. Epidemic. 
	Quality control measures, pesticides. Co-ordination with Government Health Organisations.
	7
	5
	8
	280 - LOW
	 
	Treat - Although low, continued interaction with other farms and Gov are necessary.
	 
	 

	Government Policy / Charges
	Rising costs on farmer resulting in increased cost down-stream or closure of farm
	Political instability, rising costs to government.
	Interaction with government. Current taxation paid to standards.
	6
	3
	4
	 
	 
	 
	 
	 

	Transportation

	Lack of cold chain assurance
	Goods not fit for consumption therefore wasted costs.
	Use of non-refrigerated transportation methods
	Mix of cold chain assured transport. 
	8
	6
	10
	480 - HIGH
	 
	TREAT - Potential purchase of refrigerated transport and storage would negate this issue but increase short term costs.                    TRANSFER - Contract up and downstream partners to use implement cold chain assurance throughout.
	 
	 

	Border crossings
	Delays and charges increasing costs
	Political differences, rising costs for entity managing crossings.
	Route selection avoiding any potential disturbance.
	4
	3
	6
	72 - LOW
	 
	TOLERATE - Due to lack of chance, funding for infrastructure could be spend on higher risks.
	 
	 

	Theft
	Loss of goods, damage to equipment and personnel
	High crime rate, desirable goods, lack of security of product
	Route selection. Secured loads. employee training. 
	8
	3
	5
	120 - LOW
	 
	TREAT - Analyse routes and co-ordinate with local police forces
	 
	 

	Damaged Goods
	Lack of saleable items
	Lack of handling care. Lack of correct packaging
	Employee training, sufficient damage reducing packaging.
	6
	6
	7
	252 - MEDIUM
	 
	TREAT - Enhance employee goods handling training. Use of alternative packaging that increases ease of handling and safety of goods.
	 
	 

	Manufacture

	Cold Chain Assurance
	Goods not fit for consumption therefore wasted costs.
	Use of non-refrigerated housing methods
	Refrigerated storage areas in most locations
	10
	6
	10
	600 - HIGH
	 
	TREAT - Potential purchase of refrigerated storage areas throughout the selection, washing and packaging stages.                    TRANSFER - Contract up and downstream partners to use implement cold chain assurance throughout.
	 
	 

	 Factory Closure
	No fruit processed ready for sale / export 
	 Utilities failure, Strikes, infrastructure failure, force majeure. 
	 Co-operation with utility suppliers, workforce / unions, infrastructure insurance and assessments.
	 10
	2
	8
	160 - MEDIUM
	 
	 TOLERATE – Although medium, very little other than collaborative working and assurance.
	 
	 

	EXPORT / SALE

	 Out of Date goods
	Reduced / No saleable goods.
	 Lack of temperature control through chain. Delayed time to store resulting in decomposition. 
	 Cold chain prolonging life cycle in places. Strict timelines contracted. Operations planned well within perishable timeline to increase flexibility.
	10
	7.5
	10
	 750 – HIGH
	 
	TREATE – Implement asset tracking systems. TRANSFER – Contract specific timeline measures and penalties for non-compliance.
	 
	 

	 Lack of shipping capacity
	Goods will not meet timelines and perish
	Lack of ability to pre plan shipping dates.

Lack of shipping available at current ports.
	Liaison with shipping companies. Liaison with ports.

Contracting space as soon as practicable.
	 10
	7
	8
	 560 – HIGH
	 
	TREAT – Increase supply chain visibility to improve forecasting.

Develop relationships with ports and shipping companies.
	 
	 

	OTHER

	Ethical Practice
	Consumer ethics causing lack of sale of Pineapples from unfair / unclear conditions for workers throughout chain.
	Cost reduction early in the chain. 

Unethical processes
	Using industry standards and fair-trade organisations to approve quality.
	7
	7
	7
	343 – MEDIUM
	
	TREAT – Ensure compliance across all areas of supply chain.

Liaise with fair trade organisations throughout to identify best practice.
	
	

	Multinational Competitor
	Drives up costs.

Reduced sales price.

Demand reduced.
	Large company starts production in area using economies of scale and power to push out other firms.
	No mitigation in place.
	9
	9
	0
	18 - LOW
	
	TOLERATE – No mitigation available other than customer relationships and existing contracts.
	
	


As shown in the model there are several key risks that the chain must explore in more detail, 3 of these are:

· Ethical pay and conditions

Firstly, the risk of ethical pay and conditions has been a historical issue across many sectors in 3rd world countries (QUOTE). Given that 7 out of 10 Africans depend on agriculture for their livelihoods (The Guardian, 2008) the opportunity to extort such needs are rife. The problems extend further than simply paying a famer to produce crops, but the interest rates charged for new lands to be farmed. This impacts on pay and some conditions on the farms resulting in unethical practices in cases. As a result of global visibility, consumers wish to see that fair pay and conditions are being delivered at the lowest level / source, this has given rise to fair trade organisations who implement goals such as “A world in which producers in developing countries can enjoy secure and sustainable livelihoods, fulfil their potential and decide on their future.” (Fair Trade Africa, 2018). These organisations are also backed by the larger supermarkets in places such as the UK. Companies such as Waitrose implement their own foundations and charities to reassure consumers of ethical practice and invest in the future of deprived areas (Waitrose Foundation, 2018). 
The risk to the supply chain is that with such interest and power, the factor is becoming increasingly critical to the sale of goods to the consumer. This puts pressure on the entire chain to maintain ethical practice throughout for fear of not gaining these fair-trade approvals. IF this practice is broken, and approval is not given, the result could be that customers refuse to buy from that farm or company. The secondary effect of this is a clear drop in revenue and could ultimately result in the closer of the farm and thus the chain itself. This has been classed as medium risk in the FMEA only due to current mitigations in place across the majority of the sector. If these were not in place in some companies, the risk would arguably be the main critical factor in trade with the EU.

· Lack of shipping capacity

The next risk to be detailed is the lack of shipping capacity. This was deemed high risk in the FMEA and has been an enduring issue for the industry due to the relatively small size of the exporting companies. They have been unable to compete with large cargo and export companies when purchasing space on ships. As a consequence, they have to purchase space from larger firm at timeframes that may not suit their supply chain, often at higher costs (Pegge, 2003, Trienekens and Willems, 2007).
This decreases the flexibility of the supply chain due to constrained timelines and higher levels of uncertainty. The key issue is that individually the companies have little say and cannot forecast far enough in advance as to the date and size of space required. This risk is often passed on from the farms to the exporters because it is not a critical factor for concern. However, from the exporters point of view, this is an area that could see large cost savings and increased flexibility if resolved. 
Other issues are the type of Pineapple being exported. Special varieties such as the Victoria, Sugarloaf and Smooth Cayenne are small in quantity but high in demand. Dependant on where they are shipped to, increased timelines will be insufficient to the point of sale and would have to be shipped by airfreight, further increasing unnecessary costs due to inflexibility of the supply chain. (CBI, 2018) 

This factor also has the secondary risk of increased costs, if the large shipping companies up their cost for space, there is little the smaller firms can do about it as they have to ship the product within a shorter timeline. This could place them under increased pressure to pass the cost back to the farmers and place greater risk on supply chain collapse as a result. 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). Showing that this is not in the interest of the shipping companies as they would only make a short term gain and not have the long term revenue streams of the growing markets.
· Cold Chain Assurance
A cold chain is a given temperature range is maintained to extend and ensure the shelf life of product. It involves the transportation of temperature sensitive products through logistical planning to protect the integrity of the goods (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) Given that the average life span off the shelf at a supermarket is recommended between 2-3 days and if refrigerated 3-5 days (Waitrose 2018, Eat by Date 2018) this would suggest that the use of cold chain methods are key in providing flexibility within the supply chain. 
Currently, vertically integrated companies and larger transportation firms use cold storage when transporting Pineapples, however smaller, independent farms and transport companies use a mix of predominantly ambient or un-chilled transport methods until the product reaches export. Currently there are several methods for ensuring the cold chain is intact throughout. These include refrigerated vehicles, on site chilled storage at farms, manufacturers and export hubs (Thompson, Mitchell, Rumsey, Kasmire and Crisosto, 1998).

The risk is that, coupled with the constraints in other areas of the supply chain, a lack of cold chain will result in a decrease in time within an acceptable quality range. It places increased pressure on quality control and timelines as a result. This would mean that if strict timelines were not met, the product would have a minimal or at worst no shelf life when at point of sale. This could result in legal action in the short term, loss of contract and damage to reputation in the longer term. However, if products were not subject to an extended geographical and time-based chain, then the requirement for cold chain diminishes in importance. But given that export encompasses the main volume of the market, this is only reduced for a small portion of the market.
· Pineapple Disease

The final risk to be evaluated is disease within the farming process. This is a topic common to all aspects of farming and one that can be devastating to crop production in a variety of ways. The spread of transboundary plant pests and diseases has increased dramatically in recent years. Globalization, trade and climate change, as well as reduced resilience in production systems due to decades of agricultural intensification, have all played a part (FAO, 2018). The fruit pathology of pineapple is complex due to the range of microorganisms on the exterior and interior of the developing inflorescence (Ploetz, 2003). This means there are various risks of disease that could damage fruit production ranging from external blemishes and poor taste; to black rot, core rot and internal browning all three are not visible to the naked eye. (Ploetz, 2003). The risk here is that disease could spread and products could be exported or sold locally without knowing there is an issue. This could result in complaints from customers and refusal to purchase any more product until disease is combatted; resulting in a halt to the entire chain. The risk of this is deemed low but severity is very high. This is due to current mitigation in place. Having said this, the system is not perfect due to the size of the companies operating in the sector in West Africa. In other agriculture industries, research and quality control is an extremely stringent process (Puffin Foods, 2018). However due to funding and equipment constraints the process is limited in West Africa at present, relying on external agencies such as the government to provide assistance as they are invested in the export of these goods (Ministry of Food and Agriculture Ghana, 2018).
3.2 Resilience 
Supply Chain Resilience is the ability of a supply chain system to reduce the probabilities of a disruption, to reduce the consequences of those disruptions once they occur, and to reduce the time to recover normal performance (Falasca et al., 2008). With this in mind, it would be logical to assume that most businesses would strive to achieve this as a critical factor for recovery in arduous times. However, the majority of companies do not regularly assess the resilience of their supply chain; 90% do not know if key suppliers have business continuity plans and 75% experience at least one major supply chain disruption a year (PWC, 2013). 
Ways in which companies can ensure resilience is seen below in Fig 3:
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In relation to ethical conditions there are a number of step to ensure resilience in place.  By ensuring industry standards and affiliating to charities such as the Waitrose foundation or Fair-Trade Africa, companies within the chain would conform to minimum wages and working conditions however, this is not enforceable industry wide.  To further complicate matter; whilst standards do exist, they differ by country rather than across the industry, which is where the charities and government standards come in. A step to improve resilience could be to combine the tactics of the lines of development to produce a higher benchmark across the entire industry, forcing higher standards across industry and ensuring that those who do not comply, do not trade. A lighter option is to engage with these organisations and attempt to mimic best practice from other fruit and fresh produce industries. These practices are released quarterly and provide relevance to current issues for all subscribed (Fair-Trade Africa, 2018). In terms of individual companies, simpler ways to ensure resilience could be assurance visits to suppliers to ensure they meet the basic ethics of what consumers require, or directly through a fair-trade organisation (Waitrose Foundation, 2018).
Coupling Fig 3 with the FMEA (Fig 2.), the risk of unethical behaviour can improve its resilience by focusing on People, Visibility, Collaboration and Governance to reassure consumers that the chain embodies ethics that meet their needs improving pay and conditions for workers (particularly farmers) across the globe. As a consequence, this would increase the local economies and create better infrastructure, potentially growing investment in infrastructure and causing a positive development cycle.
Another key area of resilience improvement is within the shipping itself. As shown in the FMEA, shipping Pineapples from Western Africa is currently an inflexible activity. Due to the lack of visibility at present, companies are unable to forecast far enough in advance to purchase shipping space before larger haulage companies are able to. This is a complex issue to solve as solving it completely would involve much larger buying power than companies in the industry appear to have and it would require accuracy that currently is not close enough. Without these a new risk occurs of wasted space and thus increased costs. 
For example, Shipping $30,000 of fruit to the UK from Ghana costs between $5,783 and $6,391 as a base cost (world freight, 2018). With exports growing year on year these costs can reach 7 figures without additional sub-letting costs which are estimated at between 10-40% mark up depending on company (world freight, 2018). 
This places significant strain on the supply chain as not only are costs vastly inflated, the export companies are to some extent at the mercy of the companies that own the space. 

A remedy for this would be first increasing visibility and recording data. By doing this trends in market growth and production from farmers and thus volume can be better forecast. From there, minimum shipping volumes could be purchased long in advance, reducing the mark up on shipping costs. However, this could cause friction with the larger shipping companies and cause a power struggle, something that may be out of scope for the industry at present. More beneficial to the supply chain, would be creating collaborative partnerships with larger firms and booking space in advance at reduced costs. By contracting this strategically, including clauses detailing cut off dates, potential extra volume and alternative usage, guaranteed space can be built into the supply chain. This would increase flexibility and reduce costs at the same tie. 
Alternatively, transport via air freight could be explored. This can be more expensive in the short term than by sea, however it significantly reduces timelines and reduce the risk to product quality and the reliance on shipping space. This would all depend on the size of shipments as the cost benefits of air reduce the larger the shipment becomes (Universal Cargo, 2018) however this method is already used for niche Pineapple types.
Ultimately, the issue of shipping availability and cost is a complex factor to increase resilience for. This being said, it is a crucial factor in adding flexibility and control to the supply chain.

The final factor to improve resilience is of the cold chain assurance. As previously shown, the cold chain is of vital importance to fresh produce movement across a variety of food supply chains and one that increases longevity, value and flexibility. With food wastage estimated at a third across the globe (Badia-Melis et al., 2018) food supply chains are under increasing pressure to reduce waste both internally and externally. The use of proper packaging and shipping of produce in temperature-controlled containers could reduce the spoilage to just 5% (Vigneault et al, 2009). This would see a cost reduction as well as greater profits that could be re-invested in development of cold chain infrastructure.
Specifically, within the pineapple supply chain, refrigeration from the earliest stages after harvest can increase time within quality range (suitable for human consumption) by between 33% and 150% dependant on chain timeline and variety (Eat by Date, 2018). Therefore, improvements to the resilience of this section of the chain are key to ensuring flexibility. Ways in which to improve this mainly involve investment in infrastructure and transportation assets. 
Firstly, investment in refrigerated manufacturing and distribution centres would be a costly initial outlay given the volume of produce. However, this would be the point in which the product spends its first significant amount of time and prolonging the life as early as possible maximises the opportunity to increase flexibility. The second area is within the transportation itself; as previously shown, there is evidence of temperature-controlled vehicles in use however there is no evidence to suggest this is industry standard practice or throughout the entire chain. Introducing this across the chain up to point of sale would ensure that maximum time in quality range is achieved and thus increase flexibility and allow for current or unforeseen delays whilst reducing the risk to the supermarket rejecting the product for lack of quality. Ways to monitor temperature ranges would have to be introduced either via over the counter digital thermometers that are cheaper but less reliable or installing control systems linked into computers that record data and send it back to the company showing visibility and assurance throughout. Given that Pineapples do not have a firm use by date in terms of health risk (Eat By Date, 2018) the more expensive measures may not add sufficient value. However, it could be argued that more cost effective measures add enough value to be considered.
3.3 Performance Measures and Improvement

So far, the study has analysed and evaluated current risks and methods in which to mitigate and ensure greater resilience with some of the key areas. However, current measures of performance measuring must be appraised and continually evaluated to ensure they are fit for purpose and take into account the risks and resilience in place. 

“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). Therefore, it is important that the entire chain understands all aspects of performance and its monitoring. Correctly managed supply chains that are efficiently and effectively performance managed are an important differentiator in highly competitive markets (Deloitte, 2017) and the pineapple market is growing rapidly, becoming more and more competitive. Despite this, it could be classed as a “developing” approaching “defined” supply chain as seen in the below model:

Fig 4: Maturity levels of performance in supply chain operations 
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(Deloitte, 2018)
As shown in the FMEA, current measures for resilience and performance management exist within the emerging and developing areas, with standardized metrics such as farming, manufacture and transport processes. In the early stages of the chain, quality control measures are already a key part of the process as farmers and manufacture companies realise that this is ultimately what the end user requires of the product, a Pineapple with flavour, presentation and that can be stored and consumed throughout the periods between shopping trips. Even in 1982 in some emerging market consumers suggested “The two features to watch for when selecting a pineapple are ripeness and deterioration. (New York Times, 1982). However, one downfall of this section of the chain is that farmland used is not effectively monitored for yield and quality on an industry wide basis and relies on the skill and expertise of the farmers themselves. 

With reference to Fig 3. There is a lack of visibility and collaboration in terms of tracking of produce throughout and transfer between land and sea transport methods. These gaps and constraints place pressure on flexibility, cost from waste and timelines. Given the projected growth of the market over the next 3 years of around 40-50% in West Africa alone (CBI, 2016) deficiencies in accurately measuring the performance are likely to place increasing risk on the supply chain as a whole. 

Ways in which to combat this and to venture towards a defined and advanced supply chain involve innovation and investment by companies throughout, as well as government agriculture agencies.

Within the Pineapple supply chain, it can be reasonably assumed that basic analytics such as financial tracking, staff turnover and price fluctuations are already monitored and reflected in changes in practice. But in terms of industry wide performance monitoring, it is unclear as to whether or not it is effective especially taking into account that an estimated 70 % of performance measurement systems fail after implementation (Neely and Bourne 2000, Baggett and Hester 2013),

One solution is to integrate tracking and monitoring systems. By introducing information systems such as IBMs Watson Supply Chain System the entire chain would see benefits such as accelerated transactions, greater flexibility and key to understanding risks, data analytics (IBM, 2018). This would be available to many of the medium and large firms operating in the market as they are already vertically integrated to an extent. These analytics will provide detail on areas of performance and weakness, further allowing the gaps to be filled and the supply chain strengthened. This could be extended to include the farms, where data on growth patterns, ideal conditions and forecasts on adverse conditions and yield can be processed to allow senior management to plan effectively for the future supply chain. This would potentially reduce short term costs over an extended timeline to improve the profitability of the operation. It is important to note that these types of systems are built to allow integration with existing systems. For example, cold chain assurance could be tracked and estimated wastage forecasted rapidly through the chain, allowing the supplier to inform forward or make changes to mitigate this waste. Another issue this addresses is the shipping space. By having data analytics in place, forecasting models will be able to accurately provide timelines for when shipping will be required, potentially allowing the purchase of space early enough to avoid additional costs. Alternatively, it may contribute in brokering contracts with large shipping companies as it will provide data as to future requirements and as such provides flexibility and assurance through enhanced visibility.
The down side of these systems is that they command a large initial outlay which, dependant on the company may be out of reach at present. They would also cause some disruption to current systems and their operational effectiveness when being installed. It would also take time and understanding of how to use them and get the most from them by senior management. But the benefits of such action potentially far outweigh the costs. 
A more traditional improvement to performance management would be the use and analysis of KPIs. Key performance indicators commonly cover important aspects of an organisation's or an individual's accomplishments in a given time period (Monster, 2018). Ensuring these are updated and monitored both internally and when customer facing will allow companies within the chain to assess upstream and downstream performance. It can be reasonably assumed that this is in place across the larger companies in the market. However, introducing this to all aspects of the chain would increase visibility and better monitor the performance of areas such as farming, transport and local distribution. This is a key feature in a defined supply chain but only when used to effect across the entire market. 
A final measure of performance for the Pineapple supply chain could be through competitor analysis. Assessing how competition from other markets such as Del Monte in Costa Rica are performing not only at present but when their markets were in similar stages. Taking into account changes in market entry factors using models such as Porters Five Forces (Porter, 2004) companies can compare barriers of the past, present and future to understand how they are performing and build strategies to counter and disadvantages. A key advantage of competitor analysis is that often, leaders show best practice in many of their practices and produce levels of innovation not achievable by smaller companies in smaller areas of the market. 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. Equally, this provides even bigger barriers to entry if not protected against. However, given that the market is rapidly growing, it would more likely mean that other competitors in the same geographical area prove to the be barrier rather than industry leaders. Nonetheless by using the same principles, appraising more direct competitors can provide a competitive edge to a company’s own performance and allows it to gain insight into the effectiveness of its own supply chains in comparison.
Conclusion

To summarise, the study has shown how the Pineapple industry in West Africa conducts its supply chain. From farming, warehousing, transport in country as well as over to the EU; through to sale to consumers in their respective country. It has detailed a growing yet complicated market and has conducted an FMEA analysis considering the risks to the current supply chain. As a factor of this, risks bring with them their own mitigation be it ethical practice, cold chain or inflated costs. The resilience of the chain in relation to such risks has been detailed showing gaps as the market expands and begins to rival Costa Rican dominance. All in all, the chain shows developing levels of resilience but has large room for improvement as new market share becomes available. These have been detailed with basic and modern practices and methods to provide greater resilience and allow the chain to take advantage of the benefits of a more effective supply chain. In terms of monitoring, it is shown that basic methods that are currently efficient, may not be in the future. As new competition rises, companies within the change need to adapt their thinking and implement proven and innovative new methods of increasing flexibility, visibility and control to ensure a stronger performing supply chain. 
If companies within the West African Pineapple Supply Chain develop these as markets expand, resilience in supply chains could improve to contribute to greater profits, driven by cost reduction and infrastructure development. If they fail to change with the growing market however, competition will eventually take control of new profits available and increase risks to the overall performance to the West African supply.
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