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Abstract 

 

Fresh produce like fruits and vegetables and food products requiring 

refrigeration like milk, are characterised by aspects such as perishability, short 

shelf-life, and high demand fluctuation, which make demand forecasting a vital 

process affecting not only business profits, but also the amount of waste and 

the level of customer satisfaction. 

 

The research aim is to investigate the feasibility of the knowledge engineering 

approach (KEA) as an alternative to statistical data analysis to improve demand 

forecasting, specifically for small and medium-sized enterprises (SMEs) in the 

fresh food supply chains (FSCs).  

 

The methodology comprised statistical data analysis techniques ranging from 

simple (correlation analysis) to more advanced (support vector machines) 

implemented using demand data for specific products provided by a fruit and 

vegetables wholesaler, to find the most influential internal and external factors 

affecting demand. After evaluating the results from these techniques, KEA was 

explored as a possible option to improve demand forecasting. For knowledge 

acquisition, a questionnaire about demand management was developed, which 

was used during structured interviews as a tool to externalise the tacit 

knowledge that the experts use to support decision making for daily demand 

forecasting.  Further sources of information used were on-site interviews and a 

knowledge engineering tool (KET), updated regularly by the demand planner to 

aid identifying reasons behind differences between demand prediction and 

actual orders.  

The results from the statistical data analysis and support vector machines 

experiments showed no significant improvement in the accuracy of prediction. 

The outcomes from the knowledge acquisition process showed the high level of 

difficulty involved in externalising tacit knowledge from experts. However, the 

KEA provided direct insight from the experts about the issues affecting demand 

forecasting in the FSCs. Moreover, the knowledge gathered through the on-site 
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interviews and the KET was used to define rules that could be used to further 

develop a knowledge-based framework to support demand forecasting. 

The proposed framework suggests using the KEA alongside other prediction 

methods to improve prediction accuracy and highlights the importance of 

targeting the right experts, in order to aid generalising expert knowledge when 

defining useful rules to support decision making.   
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CHAPTER 1. INTRODUCTION                                                          

 

1.1 Introduction 

 

Food supply chains (FSCs) play an important role in the sustainability of 

different sectors of the economy, facilitating the prompt and continuous supply 

of food products required by schools, restaurants, cafes, care homes, etc., and 

in the satisfaction of the needs of the end consumer (Bourlakis and Weightman, 

2008). 

The accuracy of demand forecasting for companies in the FSCs is highly 

important, especially for those that deal with fresh produce or products that 

require refrigeration or that have short shelf-life, given that the freshness and 

overall quality of the products can affect the profit margins for business and the 

health of the consumers (Doganis et al., 2006). Therefore, an accurate demand 

prediction is vital for any company aiming to maintain high levels of 

competitiveness in their market sector (Agrawal and Schorling, 1996; Chen and 

Ou, 2009). This is crucial for fresh foods wholesalers, whose profits are directly 

affected by wasted or unsold products and unsatisfied customers (unfulfilled 

demand), especially when storage facilities are limited.  

Demand forecasting, especially for fresh produce wholesale, is a major problem 

due to the nature of the business and the unavailability of accurate information. 

The perishable and seasonal nature of fresh produce, which involves short 

planning and selling horizon, alongside dealing with numerous suppliers and 

customers on a daily basis and the limited resources and storage space 

available to wholesalers in the small and medium-sized enterprises (SMEs) 

sector, increases the need for accurate demand forecasting (Shukla and 

Jharkharia, 2013). This is often difficult to achieve due to lack of sufficient up-to-

date and accurate historical data necessary to produce a reliable forecast 

(Zliobaite, Bakker and Pechenizkiy, 2009).    
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The variability on the demand of fresh foods products can be associated to the 

influence of several internal and external factors. For instance, external factors 

like seasonality, special events, public holidays, promotions, weather conditions 

and even the existing economic situation (Lee et al., 2012) and internal factors 

like limited storage space and resources, reactive business environment and 

access to latest technology.  

Having to consider such variety of influential factors (see section 2.7 for more 

details) when forecasting demand increases the complexity of the decision 

making process, especially with fresh and chilled products which, due to their 

nature, already involve controlling other important variables like freshness, 

shelf-life, required temperature for storage and transportation, appropriate 

methods for handling and packaging, among others (Smith and Sparks, 2008). 

Considering this complexity, finding the most efficient technique or combination 

of techniques to improve the accuracy of demand forecasting for fresh and 

chilled products FSCs becomes a real challenge for researchers in the subject 

area (Chen and Ou, 2009; Shukla and Jharkharia, 2013). 

The remainder of this chapter will define the research problem and its 

justification, as well as the aim and objectives of this project, followed by its 

scope and key assumptions, and finally the structure of the remaining chapters 

included in this thesis.   

1.2 Research Problem 

   

This research will investigate the feasibility of the knowledge engineering 

approach as an alternative to statistical data analysis to improve demand 

forecasting, specifically in the domain of SME wholesalers in the fresh and 

chilled FSCs.  

 

The research problem is based on the fact that having limited storage facilities 

and resources, SME wholesalers need to optimise the efficiency on the use of 

the space, resources and personnel available in order to maximise their profits 

while providing high quality products to their customers. Therefore, if demand 
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planners could access accurate demand forecasting information, customers’ 

orders could be satisfied in an efficient manner, and the costs of wasted 

products would be significantly minimised (Chen and Ou, 2009).  

 

Handling and managing fresh and chilled food products requires careful 

organisational and operational skills in order to efficiently satisfy customers’ 

orders, without sacrificing the quality and freshness of the products provided 

and avoiding waste. Demand planners gradually improve these skills through 

experience of daily operations when forecasting demand. Zliobaite, Bakker and 

Pechenizkiy (2009) claim that often demand forecasts are overruled by 

managers, using their experience and intuition to support decision making. 

Therefore, the tacit knowledge of demand planning experts could potentially be 

used to improve the accuracy of demand prediction (See Section 3.3 for more 

details). 

 

The proposed methodology will be validated using the case study of the fruit 

and vegetable wholesaler Zest Produce Ltd. (ZPL), which covers some areas of 

the midlands, UK: Derbyshire and Nottinghamshire and some parts of 

Leicestershire, Lincolnshire and Staffordshire. They specialise in supplying the 

catering industry and service hotels, schools, restaurants, public houses, cafes, 

coffee shops, care homes and food manufacturers. 

 

Like most wholesalers in the FSCs, the demand planning personnel of ZPL 

currently deal with the decision making process for demand forecasting using 

their expert knowledge. This expert knowledge comprises not only their 

educational background, but also other aspects like their experience and 

intuition, their awareness about internal and external factors that affect demand, 

the estimated demand forecast of each product and the capacity of their storage 

facilities.  

 

The complexity of the case study increases when considering that ZPL deals 

with more than 800 products and a substantial amount of suppliers and 
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customers in different locations of the UK on a daily basis. In addition to this, 

the complexity increases even further due to the diversity of customers that ZPL 

deals with on a regular basis, which have different types of demand, order 

frequency and requirements depending on their type of business, making them 

often unpredictable (Clement et al., 2015). 

 

Specifically, the research questions to be answered at the end of this project 

are as follows: 

1. How well do numerical prediction methods for demand forecasting perform 

under environments of large complexity? 

2. Can knowledge acquisition help with demand forecasting in the refrigerated 

and shelf-life constrained supply chains? 

1.3 Justification for Research 

 

This research problem was suggested by food industry experts as part of a 

wider project, which aims to provide feasible solutions to real world problems 

faced by SME wholesalers in the fresh and chilled FSCs when forecasting 

demand. 

 

The aim of this research project is to develop a knowledge-based framework 

based on the knowledge of the demand planners experts to make that valuable 

information available to other non-specialist users that might need to participate 

in the decision making process at any given time. 

 

The proposed framework will complement the demand forecast for a specific 

date or period of time, by providing the reasons behind it to aid decision making. 

It will provide valuable information that will help demand planners and other 

users to make more accurate decisions regarding the demand of their products, 

based on the experience and knowledge handled by demand management 

experts on a regular basis. It is important to highlight that as stated by Hart 

(1992) the knowledge-based framework proposed does not intend to replace 

the experts, but to support their decision making process.  
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This research will benefit the fresh and chilled FSCs, by providing a knowledge 

engineering based framework to aid demand forecasting, which in turn will help 

to reduce waste, thus improving profits and the level of customers’ satisfaction.   

1.4 Aim and Objectives 

 

The aim of this research project is to develop a knowledge-based framework for 

demand management for refrigerated and shelf-life constrained FSCs using 

lean principles, to aid the decision making process.  

 

In order to achieve this, the following objectives are proposed:  

1. Critically analyse the current situation regarding the demand 

management of refrigerated and shelf-life constrained FSCs, in order to 

identify waste and possible areas of improvement according to the lean 

principles.  

2. Investigate what internal and external factors affect the demand of 

refrigerated and shelf-life constrained products. 

3. Gather all the relevant information and knowledge from the demand 

planning personnel of refrigerated and shelf-life constrained FSCs 

regarding demand management through interviews, questionnaires and 

observations. 

4. Analyse the information collected in order to produce a representation of 

the knowledge obtained to be able to extract the rules that will be 

included in the knowledge-based framework.   

5. Generate sufficient and easy to understand information to aid the 

decision making process of the users of the knowledge-based framework 

for demand management. 

6. Propose an action plan to implement lean principles on the operations of 

refrigerated and shelf-life constrained FSCs.  

1.5 Scope and Key Assumptions 

 

As mentioned before, the focus of this research project will be to develop a 

knowledge-based framework to improve demand forecasting for fresh and 
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chilled FSCs, specifically in the domain of wholesalers in the SMEs sector. This 

research will cover the development process up until the stage of rules 

definition. The development and coding of the inference engine and the user 

interface will be out of the scope of this project.  

 

The type of products to be analysed are those with short shelf-life like fresh fruit 

and vegetables and those that require refrigeration like milk. Specifically, for the 

preliminary analysis using numeric prediction methods the products analysed 

were milk and strawberries, and the selection of products used for the 

knowledge engineering approach included the following: Bryans Leafy Large, 

Baby Mixed Leaf Large, Button and Field Mushrooms, Iceberg Lettuce and 

Semi-skimmed Milk. The change in the selection of products was done in 

consensus with ZPL, and the reason behind this decision was to include in the 

study products which are more problematic for ZPL in terms of demand 

forecasting. 

1.6 Thesis Structure 

 

The remaining chapters of this thesis are structured as follows:  

Chapter 2 comprises the literature review about supply chain management 

and demand forecasting, highlighting the most relevant concepts and issues in 

the domain of this project to aid understanding the complexity of the research 

problem;  

Chapter 3 will describe concepts related to the knowledge engineering 

approach, what a knowledge-based or expert system is, its components, its 

process, and its relevance to the domain of this research project;  

Chapter 4 will look into the methodology followed for the development of this 

research project, including its philosophy, approaches, strategies, choices, 

time horizons, and techniques and procedures, as well as the reseach steps 

implemented;  

Chapter 5 presents the details of the analysis of the results obtained through 

both approaches implemented during this study, the statistical data analysis 
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and the knowledge engineering approach, including the knowledge acquisition 

process carried out and its outcome;  

Chapter 6 evaluates the effectiveness of the methodology implemented, 

according to the quality of the results obtained, as well as the answers to the 

research questions initially formulated, novelty of the research and contribution 

to knowledge;  

Chapter 7 states the conclusion remarks of the research project, in terms of 

how well the aims and objectives were achieved, and finally  

Chapter 8 highlights the suggestions for possible future work that can be 

derived from the results of this study. 
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CHAPTER 2. SUPPLY CHAIN MANAGEMENT AND DEMAND 

FORECASTING   

 

2.1 Introduction 

 

This chapter will look into the most relevant literature available in the domain of 

this research project, specifically about supply chain management and demand 

forecasting, giving an overview of the different concepts required to understand 

the problem and its implications, as well as a critical analysis of the related work 

done by other researchers in this subject area. This chapter starts with an 

overview of supply chain, followed by the definition, issues, importance and 

opportunities of the FSCs. Afterwards, shelf-life and its effects are described. 

Subsequently, the demand forecasting concept is introduced including its 

process, formatting and execution, as well as its applicability in the fresh and 

chilled FSCs. Additionally, the literature concerning numerical prediction 

methods is critically analysed, alongside the demand forecasting pitfalls. 

 

2.2 Overview of Supply Chain 

 

Handfield and Nichols (2002, p.8) define supply chain as “all organizations and 

activities associated with the flow and transformation of goods from the raw 

material stage, through to the end user, as well as the associated information 

flows”. These authors also claim that material and information flows both 

downstream and upstream the supply chain.  However, other authors argue that 

instead of talking about supply chains one should refer to them as supply 

networks, because in the real world instead of a series of linear one-to-one 

relationships, in most cases companies are immersed in a complex web of 

interconnected but autonomous entities (Jespersen and Skjott-Larsen, 2005; 

Christopher, 2011). For the purposes of this research project, the term ‘supply 

chains’ will be used throughout due to its popularity in the literature, but keeping 

in mind their complexity as networks. 
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Figure 2.1 illustrates an example of supply chain in the context of a 

manufacturing process, which shows that a supply chain can comprise 1 to N 

suppliers providing the manufacturing firm with the raw materials and other 

parts required to produce the finished products. It also shows the material and 

information flow that takes place between the entities in the chain to satisfy 

orders from multiple customers, while dealing with several suppliers, increasing 

the complexity of the decision-making process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

Figure 2.1. Supply chain example (after Stadler, 2015) 

 

The different entities or organisations in a supply chain can be companies 

“producing parts, components and end products, logistic service providers and 

even the ultimate consumer” (Stadler, 2015, p. 3). Generally speaking, the term 

material can be used to refer to everything that an organisation moves or 

handles, such as: “raw materials, components, finished products, people, 

information, paperwork, messages, knowledge, consumables, money, software 

or anything else.” (Waters, 2011, p.36) 
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The complexity of the supply chain varies depending on the size of the 

business, the nature and number of products, goods or services provided, as 

well as the number of suppliers involved in the chain and the amount of 

customers or orders that the company needs to satisfy on a regular basis. 

However, Stadler (2015) claims that for analysis purposes this complexity can 

be simplified by focusing on a portion of the overall supply chain. Specifically, 

the focus of this research project, as mentioned in Section 1.5, will be to 

investigate the portion of the FSCs corresponding to SMEs wholesalers (See 

point 2 of Section 2.3 for more details). 

 

Supply chain management is a broader concept than logistics. Christopher 

(2011) states that the logistics of the manufacturing process involves managing 

the procurement, movement and storage of materials, parts and information 

through the organisation in order to produce the finished products required to 

satisfy the end customers’ orders, while maximising profits and minimising 

costs. On the other hand, Cristopher (2011) defines that supply chain 

management refers to the management of the relationships with suppliers and 

customers up and down the chain in order to create value to the end consumer, 

while optimising resources. In addition to this, it can be said that information 

about customers’ feedback, behaviour and changing needs can also be fed 

upstream the supply chain in order to make the adjustments required in the 

manufacturing process, so that the supply chain can adapt to possible changes 

on demand requirements.  

 

Every organisation within the supply chain plays an important role in achieving 

its main goal, which is to satisfy the customers’ needs in the most cost-efficient 

way (Jespersen and Skjott-Larsen, 2005). However, they can play different 

roles depending on the specific activity being considered (Trienekens et al., 

2012). For example, each organisation acts as a customer when buying 

materials from their own suppliers and it also acts as a supplier when delivering 

materials to its own customers (Waters, 2011). Therefore,  a wholesaler acts as 

a customer when buying fresh food products from their suppliers (i.e. producers, 
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farmers, importers and wholesale markets) and acts as a supplier when 

delivering products to their customers (catering industry and service hotels, 

schools, restaurants, public houses, cafes, coffee shops, care homes and food 

manufacturers) to satisfy their orders.  

 

Dealing with a large number and variety of products, suppliers and customers is 

a common problem within the FSCs (Ketzenberg and Ferguson, 2008), 

especially for wholesalers in the SMEs sector, given the limited availability of 

resources, facilities and storage space, which are normally available for daily 

operations and the need to utilise these resources in an optimal manner in order 

to maximise profits and enhance customer satisfaction, thus improving the 

possibilities for business growth. As mentioned in the description of the 

research problem (Section 1.2) ZPL deals with more than 800 products and a 

substantial amount of suppliers and customers in different locations of the UK 

on a daily basis, which increases the problem complexity.  

 

The challenge in this sector is to achieve handling efficiency and minimise food 

wastage (Hertlog et al. 2015). Reaching this goal is important for SME 

wholesalers within the FSCs in order to maximise profits using the available 

resources and to minimise the environmental impact generated by waste. 

However, achieving this is a challenging task due to the increasing variability of 

products dealt with in this market sector, which is expected to continue growing 

in order to satisfy the ever-changing consumer needs (Chanil and Major, 2005). 

In addition to this, being part of a diverse and globalised market and having to 

comply with numerous regulations to satisfy specific requirements, for instance, 

in areas such as safety and sustainability (Trienekens et al., 2012) increases 

the complexity of the challenge even further. 

2.3 Food Supply Chain 

 

Food supply chain (FSC) is defined by Bourlakis and Weightman (2008, p. 2) as 

a network of different entities that work together to “guarantee the provision of 

safe and healthy products that are fully traceable from farm to fork”. This 
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network includes farmers, food and drink manufacturers, wholesalers, caterers, 

retailers and consumers. The several possible directions in which products can 

travel to reach the end consumer are shown in Figure 2.2.  

 

 

 

 

 

 

 

 

Figure 2.2. UK Food Supply Chain (after Bourlakis and Weightman, 2008) 

 

Based on Figure 2.2, nodes of food supply chain can be exemplified as; 

1. Farmers and agricultural producers comprise the starting point of the 

FSCs and are the main raw material supplier for wholesalers and food 

and drink manufacturers. Alternatively, products can be directly sold to 

retailers, caterers or end customers. From the current research aspect, 

farmers and agricultural producers are the main suppliers for the 

wholesalers. However, other types of suppliers for wholesalers include 

food manufacturers, importers, and wholesale markets, and even 

supermarkets in emergency situations, like the unexpected shortage of a 

particular product required to fulfil a customer’s order.  

 

Having access to a diverse range of suppliers located in different parts of 

the world makes all year round access to seasonal and exotic products a 

reality (Smith and Sparks, 2008). For instance, consumers in the UK can 

continue to purchase good quality tomatoes from Spain or Holland when 

out of season locally. This globalised market implies that choosing the 

right suppliers becomes more complex for wholesalers within the FSCs.  
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Considering this, good relations based on trust and reliability are key 

decision factors to consider when choosing suppliers to guarantee 

customer satisfaction. Additionally, suppliers are chosen based also on 

other factors such as product availability, price and quality of products, 

lead time, and customer service (Dawson, 2008). Therefore, if a specific 

supplier does not perform adequately, substitutes are often used to 

satisfy customers’ orders. 

 

2. Wholesalers have a business based customer base and act as 

intermediaries between farmers and end customers, providing retailers 

and catering businesses with the products required to satisfy their 

customers’ needs (Dawson, 2008).  

 

The purpose of wholesalers is to simplify the operations and minimise 

the preparation time and operational costs required by caterers and 

retailers to produce end products.  

 

Wholesalers present a complex problem in the FSCs domain (See 

Section 1.2) due to constraints imposed by the large number of products 

and suppliers, limited warehouse space and resources, and a range of 

customers from different business segments, which wholesalers must 

adapt to in order to cater for specific requirements. In consequence, an 

accurate demand forecast is required in order to maximise the efficiency 

of wholesalers’ daily operations. However, most of the decision making 

for demand forecasting in the wholesaler domain is influenced by the 

knowledge about the nature of fresh food products handled by demand 

planners based on their experience and intuition (Zliobaite, Bakker and 

Pechenizkiy, 2009; García-Taylor et al., 2015). For example, demand 

planners rely on their tacit knowledge to forecast the amount to purchase 

for each of their products, in order to satisfy their customers’ orders and 

minimise waste.  
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The valuable knowledge accumulated through the years during daily 

operations is considered to improve the accuracy of demand prediction, 

and is frequently used by demand planners to make adjustments on the 

calculated forecast (Zliobaite, Bakker and Pechenizkiy, 2009). As 

mentioned in Section 1.2, the current research will focus on the study of 

FSCs wholesalers within the SMEs sector in order to investigate how that 

tacit knowledge of demand planner experts can be used to improve 

demand forecasting accuracy.  

 

3. Retailers have direct contact with the end consumers. A limited number 

of companies dominate the market, which creates fierce competition 

between them in order to attract customers.  

 

One of the interesting changes in the food retailers sector is the 

implementation of innovative formulas which have been proved 

successful among the preference of the customers, such as discount 

stores that offer a limited range of products at reduced prices (Dawson, 

2008), due to the drop of their disposable income as a result of the 

current economic situation (Metzger, 2014). As a result, as it can be seen 

in Figure 2.3, nowadays the discount stores (Aldi and Lidl) hold a 

considerable percentage share among the grocery stores in Great Britain 

(5.6% and 4.1% respectively), which has grown on a yearly basis from 

2012 to 2015 in comparison to other big supermarkets like Tesco, who 

lost market share each year in the same time period. This reflects the 

current trend among consumers to choose stores that offer the best 

value for money for their grocery shopping.  

 

Furthermore, Metzger (2014) claims that shoppers are also favouring 

supermarkets’ own brands over branded and more expensive products. 

In addition to this, low price fresh produce like fruits and vegetables has 

been used by discount stores and other food retailers as a strategy to 

attract customers, which highlights the importance of fresh food products 
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as a decisive factor for consumers when choosing where to shop, and for 

store profitability and image (Fearne and Hughes, 1999; Zuurbier, 1999; 

Sterns, Codron and Reardon, 2001; Tsiros and Heilman, 2005; 

Ketzenberg and Ferguson, 2008; Yu and Nagurney, 2013).   

 

 

Figure 2.3. Market share of grocery stores in Great Britain from August 2012 to August 

2015 (after http://www.statista.com/statistics/300656/grocery-market-share-in-great-

britain-year-on-year-comparison/) 

 

4. The catering industry has a customer base which includes businesses 

and end consumers and it can be divided into profit sectors (restaurants, 

food outlets, cafes, bars and public houses) and cost sectors (food 

provided in the workplace, education, health and welfare services) 

(Dawson, 2008).  
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Companies in the catering industry are the main customers of 

wholesalers in the FSCs. For instance, ZPL provides fresh and chilled 

food products to businesses mainly in the catering profit sector (service 

hotels, restaurants, public houses, cafes, and coffee shops), but also 

some in the cost sector (i.e. schools and care homes) (See Section 1.2 

for more details).  

 

The volatility of product demand especially in the catering profit sector 

and the impact of seasonality on the products offered affect wholesalers 

and the overall demand planning process, requiring extra flexibility to 

adapt to the changing requirements, thus being able to satisfy customers’ 

orders and avoid profit loss. Therefore, an accurate demand forecast that 

takes into account the internal and external influential factors that affect 

demand is vital to achieve the required level of flexibility and adaptability 

(See Section 2.5 for more details regarding the complexity of the 

problem).  

 

The nature and characteristics of the products involved in the FSCs and 

external factors such as weather, promotions, regulatory body policies, etc., 

make it a dynamic and complicated supply chain to analyse. Supporting this 

idea, Ahumada and Villalobos (2009) highlight that the characteristics of fresh 

foods, such as short shelf-life and demand and price variability make the FSC 

more complex and challenging to manage than other supply chains. 

Furthermore, Tsolakis et al. (2014) argue that the complexity of the decision-

making process in the FSCs increases even further when dealing with fresh, 

perishable and seasonal products due to the great fluctuation of their supply 

and demand.  

 

Relevant reviews on inventory systems with deterioration have been published 

by several authors, for example, Goyal and Giri (2001) who classified models 

based on the presence of obsolescence, deterioration, or the absence of both. 

These authors reviewed inventory models for fixed lifetime products with 
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deterministic shelf-life which require disposal at the end of their lifetime, and 

random lifetime products, whose time of spoilage is difficult to predict (i.e. fresh 

produce). More recently, Bakker, Riezebos and Teunter (2012), focussed on 

reviewing the contributions to research only on the topic of deteriorating 

inventory since the publication of Goyal and Giri’s work. Research findings 

showed that the majority of the inventory models in the literature take a 

deterministic analysis approach, making them easier to analyse but more 

difficult to adapt to real-life situations. From the current research aspect, fresh 

and chilled FSCs are affected by many internal and external factors and 

variables (See Sections 1.1 and 2.7 for details) that can affect their products 

demand and consequently their inventory control, which complicate the 

decision-making process. Therefore, a deterministic approach in this case is 

considered to be unsuitable.  

 

Most of the literature available referred to non-perishable food products instead 

of perishables. However, this trend has changed as claimed by Ahumada and 

Villalobos (2009) who pointed out that there is increased interest from 

researchers towards perishable agri-food products, given their economic 

importance and their inherent safety issues.   

 

Nowadays, the overall complexity of the FSCs has significantly increased as a 

result of more demanding, informed and health conscious consumers that 

expect the best quality products at reasonable prices, available when required 

and with good shelf-life (Bogataj, Bogataj and Vodopivec, 2005; Smith and 

Sparks, 2008; Ahumada and Villalobos, 2009; Yu and Nagurney, 2013; 

Sowinski et al., 2014).  

 

These higher expectations have changed the way food is sourced within the 

FSC. In order to make most products available to the consumers all year round, 

the FSCs have globalised, increasing the number of imported products 

(Zuurbier, 1999; Ahumada and Villalobos, 2009; Yu and Nagurney, 2013). New 

technologies, lower prices, ease of transportation, distribution and storage have 
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made possible accessing international markets to source food products that are 

out of season locally (Smith and Sparks, 2008). In terms of the wholesalers, 

they currently have access to a wider diversity of products from different origins 

than ever before. This internationalisation gives wholesalers more products and 

suppliers options, but at the same time increases the complexity of their 

decision making process to satisfy demand. 

 

Additionally, the concepts of convenience and less preparation time have also 

come into play as requirements for most of the consumers that currently have 

very limited time to dedicate to food preparation. As a result, the FSC has had 

to adapt in order to satisfy the changing needs of their end consumers, taking 

advantage of the diverse opportunities that these changes represent (Fearne 

and Hughes, 1999). Some examples of such innovations include ready to eat 

products, such as ready meals, salads and sandwiches that consumers can 

grab on the go, to satisfy their busier lifestyles (Fearne and Hughes, 1999; 

Smith and Sparks, 2008). 

 

As part of the FSCs, wholesalers are also affected by these varying demand 

requirements. In order to maintain a high level of customer satisfaction, which is 

vital for business profitability, Dawson (2008) argues that availability of products 

is one of the key requirements that wholesalers must fulfil, given their business 

based customer base, which is normally considerably smaller in numbers than 

for example the amount of customers of a retailer, although larger in size. 

Therefore, having an accurate demand forecasting is highly important to be able 

to efficiently manage their stock to satisfy their customers’ orders on time, 

maximising profits while minimising waste and maintaining high standards in the 

quality of their products. 

 

2.3.1 Food Supply Chain Issues 

 

Given its nature and complexity, the FSC is vulnerable to several issues 

associated with the different stages that fresh food products go through as they 
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move down the supply chain to reach the end consumers. In general terms, the 

most popular issues in the literature are as follows: 

 

1. Demand forecasting:  

An accurate demand forecast is vital for fresh FSCs in order to minimise 

wastage of products and loss of income due to unsatisfied orders. Mena, 

Adenso-Diaz and Yurt (2011) stated that the most common triggers of waste 

are over ordering in comparison to real demand and products having insufficient 

shelf-life when they reach the stores; therefore expiring sooner than planned 

and requiring disposal.  

 

Furthermore, the increasing variety of products available in this highly 

competitive market sector translates into a greater amount of slow-moving 

perishables, and therefore, increased product spoilage and waste (Boyer, 

2006). Consequently, there is evidently a direct relation between product variety 

and the amount of wasted products (Ketzenberg and Ferguson, 2008). Slow-

moving perishables are defined by Ketzenberg and Ferguson (2008, p.513) as 

the “…low-volume products accounting for a small percentage of sales”, which 

means that these are the less popular products in the perishable category. The 

amount of slow-moving perishables will affect the level of wasted products if not 

sold before their expiry date, and the fast moving perishables will contribute to 

shortage of products and unsatisfied orders. This highlights the importance of 

demand forecasting accuracy in order to minimise the amount of wasted 

products, and to guarantee the availability of products to satisfy customers’ 

orders when required.  

 

This is necessary in order to contribute to the reduction of the percentage of 

food that is lost globally during food production in the FSCs, which is currently 

estimated to be on average approximately 30% (Parfitt, Barthel and 

Macnaughton, 2010).  
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Demand forecasting is the FSC issue that this project will aim to improve, 

specifically in terms of accuracy of prediction. (See Sections 2.5 and 2.6 for 

more details about the demand forecasting definition and process). 

 

2. Safety:  

Temperature control and appropriate handling, transportation and storage of the 

fresh produce are vital to maintain its freshness and to avoid possible risks of 

bacterial contamination or spoilage that could potentially affect the health of the 

end consumers. Van Boxstael et al. (2013, p. 190) claim that stakeholders in 

the fresh FSCs agreed that “bacterial pathogens were overall considered to be 

the most important food safety issue for fresh produce, followed by foodborne 

viruses, pesticide residues and mycotoxins”.  

 

These issues are considered to be closely related to agricultural practices used 

by farmers and producers, although product contamination can occur at any 

point in the FSC before reaching the end consumer, especially when dealing 

with temperature sensitive products (Sahin et al., 2007), considering that the 

distance that food travels to reach end consumers has significantly increased 

due to the globalisation of the FSCs (Aung and Chang, 2014a). Consequently, 

recommended hygiene and sanitary measures and guidelines must be followed 

to avoid product contamination (Gorris, 2005).  

 

Several authors have highlighted the importance of food safety due to the 

occurrence of numerous food scares associated with bacterial contamination 

such as salmonella in chicken (Akkerman, Farahani and Grunow, 2010), E. coli 

bacteria in spinach crops (Hoffman, 2006), among others, as well as foodborne 

viruses (i.e. norovirus, Hepatitis A) and pesticide residues (i.e. chlormequat) 

(Van Boxstael et al., 2013), which produced serious health problems in the 

population and major product recalls.  

 

In 2013, horse meat was found in meat products labelled as beef. This case 

was found to be more related to a mislabelling issue than an actual safety issue 
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(Premanandh, 2013). However, the impact on consumers’ trust was significant 

and it considerably affected sales profits of major UK food retailers like Tesco 

and Iceland.  

 

As a result of food scares, governmental food safety regulations such as the 

Food Safety Act 1990 have been created in order to define storage, handling 

and transportation requirements for food products, making an offence to sell 

food which is not fit for human consumption (Smith and Sparks, 2008). This 

confirms that the effect on public health is one of the most important concerns 

that the FSC needs to deal with on a regular basis in order to avoid negative 

consequences on consumers’ trust (i.e. damage to reputation and company 

image) and on profit margins (i.e. costs of product recalls) (Bosona and 

Gebresenbet, 2013), which calls for stronger regulations and control (Hoffman, 

2006). 

 

3. Traceability: 

In order to overcome the issues generated by the occurrence of food scares, 

traceability has gained great attention as a requirement to guarantee the quality 

and safety of the products that reach the end consumer (Aung and Chang, 

2014b).  

 

The concept of traceability refers to the possibility to trace where a specific 

product comes from, and also the ability to track the products as they move 

downstream in the FSC (Dabbene, Gay and Tortia, 2014).   

 

This issue has been studied by several authors given its importance to provide 

the consumers with valuable information about the origins of the products that 

they are eating, as well as, to be used by companies in the FSC and 

governmental authorities when searching for possible sources of product 

contamination that might put in risk the health of the population (Trienekens et 

al., 2012).  
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Apart from the risks to public health, the damage generated by food scares to a 

company´s reputation and the subsequent economic consequences can even 

lead to bankruptcy and closure (Akkerman, Farahani and Grunow, 2010; 

Trienekens et al., 2012, Bosona and Gebresenbert, 2013). As a result, several 

technological advances have been implemented in order to aid the efficiency of 

the identification and traceability of products in the FSC, such as bar codes, 

data matrix, Quick Response (QR) codes and Radio Frequency Identification 

(RFID) (Dabbene, Gay and Tortia, 2014).  

 

The characteristics, amount and variety of the relationships between the 

processes involved in the FSCs make traceability in this type of supply chain 

more challenging to accomplish. For example, food products from different 

farms can be combined and processed into different end products, which will be 

distributed to many different retailers and customers (Trienekens et al., 2012). 

  

Traceability requires the participation and active collaboration of all the 

members of the supply chain in order to put it into practice effectively, 

enhancing the logistics of the chain (Bosona and Gebresenbert, 2013), and the 

response time to public health threats. 

 

4. Product recalls:  

Traceability is closely related to product recalls, given that being able to trace 

and track products from farm to fork, enables the FSCs to respond efficiently to 

possible outbreaks of contamination that require product recalls or more 

appropriately for the food industry “product disposal”, to identify the possible 

sources of contamination and to avoid further consequences on the consumers.  

 

In the case of wholesalers, by tracking their suppliers and what products are 

sold to each of their customers, they are able to respond more promptly and 

effectively to any customers’ complaints about the quality of the products 

purchased.  
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Dabenne, Gay and Tortia (2014) specify that product recalls can be generated 

by different causes such as manufacturing failures, incorrect labelling or 

packaging, and product contamination that could represent a risk for the health 

and safety of the consumers. Products supplied already expired can also 

generate product recalls which can increase costs and loss of profits if unable to 

satisfy orders as a result. Demand forecasting will be affected if wholesalers 

need to place additional orders to compensate for the amount of products being 

recalled. 

 

5. Sustainability:  

Sustainability refers to the ability to sustain the production of a specific product 

while causing the minimum impact to the environment as possible, in order to 

guarantee the availability of resources for the future generations (Akkerman, 

Farahani and Grunow, 2010). This impact can be measured through CO2 

emissions, environmentally friendly manufacturing and production methods, 

among other aspects.  

 

Li et al. (2014, p.1) claims that, in terms of the sustainability of the FSC, “…new 

challenges have emerged such as climate change, oil dependency, fair trade 

and localism…”. Taking this into account, it can be said that the main concern 

on sustainability is to control the way in which FSCs operate in order to utilise 

the natural resources in a sensible manner to avoid unnecessary negative 

impacts on the environment, and to guarantee the renewability of the resources 

being used. 

In the domain of this project, several aspects can be related to sustainability 

concerns, such as the energy required to maintain chilled products at the 

optimal temperature to maximise their shelf-life and freshness (Zanoni and 

Zavanella, 2012), the CO2 emissions produced by the means of transport 

necessary to deliver customers’ orders, the “food miles”, which refers to the 

distance that food has to travel in order to reach the consumer (Akkerman, 

Farahani and Grunow, 2010), as well as the use of local produce as much as 

possible in order to support the development of the local economy, which is 
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highly important for companies in the SMEs sector. More importantly from this 

project aspect, the management of wasted products generated by inaccuracy of 

demand forecasting considering the limited storage facilities available, 

especially when over ordering, and the potential impact on pollution if wasted 

products are not disposed of correctly.  

 

6. Quality Assurance:  

The purpose of the quality assurance process is to verify that food products 

meet pre-established standards based on the products’ characteristics, as well 

as on all the different processes in the FSC that food products go through to 

reach the end consumer (Sterns, Codron and Reardon, 2001; Trienekens and 

Zuurbier, 2008).  

 

In order to ensure that consumers are offered the best and freshest produce 

possible the quality assurance process needs to be more thorough when 

dealing with perishable products. As mentioned before, perishability is one of 

the characteristics of the products in the fresh FSCs, which makes this type of 

supply chain more complex. It refers to the degradation of a product over time 

until it can no longer be consider safe for consumption and requires disposal 

(Tsiros and Heilman, 2005). On the one hand, this concept introduces variables 

such as temperature and humidity control, and expiry dates, which consumers 

use as a freshness and safety reference and as an indicator of quality when 

selecting what product to buy. On the other hand, perishability creates 

uncertainty in the seller, given that the products can only be sold to the 

consumers for a limited time (shelf-life) (Doganis et al., 2006); therefore, 

appropriate inventory systems and continuous stock rotation and monitoring are 

crucial to minimise deterioration and aid sales (Rong, Akkerman and Grunow, 

2011). 

 

Additionally, Sterns, Codron and Reardon (2001) claim that the extensive 

amount of quality standards and quality assurance systems that have been 

created in order to overcome food scare issues, satisfy the changing needs of 
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the consumers and to gain their trust, have generated a state of confusion in 

terms of their appropriate application and execution, and also extra costs along 

the FSC, which are not always justifiable, especially for companies in the SMEs 

sector, considering the low profit margins in the food industry (Yu and 

Nagurney, 2013). 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

2.3.2 Importance and Opportunities  

 

Fresh and chilled products are an important part of our daily diet. In the UK, the 

government promotes the consumption of this type of products (especially fruits 

and vegetables) through special campaigns like 5-a-day and change 4 life, to 

encourage healthy eating habits in the UK population (Van Boxstael et al., 

2013).  

 

The FSCs have a crucial role in guaranteeing the provision of food products that 

consumers can trust and buy in a convenient way and at affordable prices, 

giving them the freedom of choice to select products of preference to satisfy 

their needs and specific requirements. Within the FSCs the role of fresh 

produce wholesalers contributes to efficient inventory planning and 

management considering the limited shelf-life of their products. Waste is 

minimised by holding the optimal amount of stock required to guarantee the 

satisfaction of customer’s orders. Therefore, inefficiency in demand planning of 

wholesalers often translates into increased levels of wastage and poor 

customer satisfaction, which makes wholesalers key actors for the improvement 

of the overall performance of the FSCs. 

 

The opportunities in the FSCs relate to the impact that the future trends in this 

economic sector will produce. Some global trends mentioned by Sterns, Codron 

and Reardon (2001, p.1) are “…expanded international trade, changing 

consumer demand, [and] increased public regulations…”. It can be said that, 

according to the current trends, the increasingly demanding consumers with 

their ever changing requirements should translate into more adaptable and 
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flexible FSCs, able to adjust to the needs of the customers in order to survive in 

this economic sector. This is the case, especially for wholesalers in the SMEs 

sector who are so dependent on building strong relationships, based on 

reliability and trust, with their suppliers and customers.  

 

In terms of the issue of waste management, Goyal and Giri (2001) supports the 

idea of using effective price discount policies on deteriorating inventory. 

However, Tsiros and Heilman (2005) argue that a better understanding about 

the effect of expiration dates on consumers’ behaviour is required in order to 

enable retail managers to strategically implement the most appropriate discount 

policies to enhance sales and minimise wastage due to spoilage. This also 

applies to wholesalers, who could implement special discounts or promotions 

when their fresh and chilled products are reaching their expiration date, 

enhancing the profitability and sustainability of their business and minimising 

the impact on the environment. Therefore, more resources should be directed to 

further enhance consumers’ awareness about how expiry dates work and their 

repercussion on food safety, in order to minimise wastage of products that are 

still safe for consumption (Tsiros and Heilman, 2005, Gustavsson et al., 2011).  

 

Governmental authorities are starting to make important decisions to minimise 

the waste generated by food retailers. For example, the French Government 

recently banned supermarkets from throwing away food close to its expiry date 

but still good to eat, by demanding supermarkets to donate unsold food to 

charities and food banks (Lewis, 2015, 2016). Despite this, further efforts are 

still necessary by other actors of the FSCs (i.e. companies in the profit sector of 

the catering industry such as restaurants, pubs and cafes) and by other 

countries, in order to benefit a larger percentage of the world’s population.  

 

In addition to this, it can be said that in an environment where the trend for the 

demand of fresh and chilled food products is predicted to increase even more in 

the future, strategies such as collaboration and partnership among the 

members of the FSC, integration of information systems to coordinate and 
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share information, value creation, technology innovations and strategic alliances 

are becoming competitive advantages for the companies adopting them 

(Bourlakis and Bourlakis, 2008; Trienekens et al., 2012). Their ability to adapt to 

these new business requirements will allow them to thrive in this highly 

competitive market sector, helping them to access a larger market share. 

 

This research will focus on investigating the issue of demand forecasting 

accuracy, in order to minimise waste and loss of opportunity when dealing with 

short shelf-life and chilled products.  

 

2.4 Shelf-life and its Effect 

 

Shelf-life of a product is defined by Van Donselaar et al. (2006, p. 463) as the 

number of days “counting from the day it is produced until the product becomes 

unacceptable for consumption or obsolete”. This concept is related to the 

freshness of the product and the period of time in which it can be safely 

consumed without representing any health risk. 

2.4.1 Short Shelf-life Food Products 

 

The products studied in this research project are fruit and vegetables and 

chilled products like semi-skimmed milk. The common characteristic of these 

products is their short shelf-life, which means that they require close monitoring 

in order to guarantee the quality of the products being offered to the customers. 

This monitoring process is vital for business given the fact that customers tend 

to reject products that are close to their expiry date (Gobel et al., 2015).  

 

Fresh food products change significantly in value and quality as they move 

through the chain all the way until consumption, deteriorating considerably over 

time depending on factors like temperature and humidity (Blackburn and 

Scudder, 2009; Akkerman, Farahani and Grunow, 2010). Short shelf-life 

products are more vulnerable to the effects of these environmental factors, 

therefore requiring stricter monitoring. In addition to this, Ren, Saengsathien 
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and Zang (2013) define other important variables that affect the shelf-life of 

perishable products, such as the length of time that products are kept in 

storage, the temperature of the storage facilities, the amount of time that 

products spend being transported between different locations as they move 

along the FSC, and the temperature used in the means of transport to preserve 

freshness.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

 

Even though every effort might have been made in order to preserve the 

freshness of deteriorating food products and to aid selling them before their 

expiry dates are reached, instances where a significant discount on price has to 

be applied in order to sell products close to their expiry date are common 

practice among wholesalers and retailers alike in order to avoid wastage and 

loss of income (Goyal and Giri, 2001). 

 

Fresh produce wholesalers deal with products with different types of short shelf-

life, i.e. semi- skimmed milk which lasts up to a week, requiring appropriate 

stock rotation in order to sell the products closer to their expiry date first, and 

soft fruits like strawberries which have a shelf-life of 1 to 2 days and are 

normally delivered to customers on the same day of purchase in order to 

minimise spoilage and waste. Other short shelf-life products studied in this 

project were Bryans Leafy Large, Baby Mixed Leaf Large, Button and Field 

Mushrooms, Iceberg Lettuce, which were chosen for the case study in order to 

analyse the most problematic products in terms of demand forecasting. The 

variety in the length of shelf-life of the different products handled by fresh 

produce wholesalers adds to the complexity of the problem, given that they 

each involve different planning and logistics challenges for demand planners.  

 

In terms of warehouse management systems, Stragas and Zeimpekis (2011) 

highlighted that perishable food with different expiry dates should be efficiently 

stored, in order to aid the speed of the process of picking and dispatching 

products. In this case, inventory methods such as Last-In-First-Out (LIFO) and 

First-In-First-Out (FIFO) are used in warehousing to manage the storage and 



Chapter 2: Supply Chain Management and Demand Forecasting 
 

31 
  

the way in which products are selected for distribution to satisfy customers’ 

orders.  

 

Depending on the length of the shelf-life of the products being stored, the most 

appropriate inventory method must be chosen in order to maximise profits and 

minimise waste. Hertog et al. (2014) proposed a different approach for handling 

short shelf-life products, changing from the traditional FIFO to a First-Expired-

First-Out (FEFO) strategy, which takes into consideration the estimated shelf-

life of the products. This approach would translate into a more thorough and 

complex monitoring and sorting process required in order to guarantee that the 

products with the closest expiry date are sold first. However, the benefits would 

overcome the extra work, by guaranteeing a more logical flow of products that 

would satisfy their customers’ requirements while avoiding losses in terms of 

waste and profits. In addition to this, Di et al. (2011) present further research 

regarding warehouse management for perishable agricultural products, 

investigating solutions to distribution centre’s location-inventory problems, which 

is another important factor to consider when dealing with short shelf-life 

products. 

 

In the case of ZPL, their limited storage facilities give accuracy of demand 

forecasting an utmost priority, in order to be able to efficiently satisfy orders 

while optimising the use of the space available, by holding only the minimum 

quantity of stock possible. 

 

2.4.2 Waste 

 

The importance of accurate demand forecasting for fresh FSCs is based on the 

fact that the short shelf-life of the products means that they can only be offered 

to customers during a limited period of time (Doganis et al. 2006), which is 

considerably short (ranging from 1 to 7 days in most cases). Therefore, in the 

case of wholesalers, waste is generated when the demand is over-estimated 

and loss of income from unsatisfied orders is produced when the demand is 
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under-estimated (Doganis et al., 2006). Further down the line in the FSC, waste 

can also be generated during food processing, catering, preparation and 

consumption (Hertog et al., 2014).  

 

Apart from the inherent consequences of the perishable nature of fresh and 

chilled food products on the percentage of product spoilage and waste, another 

cause of waste in the FSCs, as mentioned in Section 2.3.1, is the increased 

product variety available in the market, which creates a larger mixture of 

products over which consumer demand is distributed (Boyer, 2006). This is 

considered to have a negative effect, giving consumers too many options to 

choose from and therefore, often generating waste of the least popular products 

and shortage of the most popular ones (Boyer, 2006). Therefore, especially for 

wholesalers, it is considered vital to have an accurate demand forecast to aid 

minimising wastage.  

 

A further source of waste in the FSCs is the mismatch of packaging size 

available to wholesalers from their suppliers in comparison to the amount of 

products ordered by customers (Ketzenberg and Ferguson, 2008). This issue 

often causes extra costs when re-packaging is required to be able to satisfy 

specific customers’ orders.   

 

2.4.3 Opportunity cost 

 

Over-estimating and under-estimating demand is often caused by inefficient 

demand forecasting. The former will translate into wasted products and the 

latter will produce unhappy customers that might decide to look for different 

suppliers. Both of these cases will directly affect the profits and the reputation of 

the company as a reliable supplier. This is called opportunity cost, i.e. the profits 

that a company does not receive due to inefficient planning or management 

decisions or as stated by WRAP (2013, p.9) “the value of the best alternative 

forgone”. Wholesalers are vulnerable to this situation due to the variability on 
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demand and the impact of trust and reliability on customer satisfaction and 

business profitability. 

 

2.5 Demand Forecasting  

 

Demand Forecasting is very important for any organisation, given that it 

provides managers with estimates of how much of their products their 

customers will buy (future demand), based on historical figures or other more 

complex methods (Lewis, 2012).  

 

The level of accuracy of this estimate will give any company a competitive 

advantage that will allow them to satisfy their customers’ orders, while 

maximising their profits margins and minimising waste. In the domain of the 

FSCs, specifically in the wholesalers sector, this estimate is used as a 

reference in the decision making process in order to control the optimal level of 

inventory for each product. This will allow them to maintain high levels of 

customer satisfaction. However, in order to take full advantage of accurate 

demand forecasting, it has to be used effectively by translating it into wise 

business decisions, taking into account its impact on all the processes and 

entities involved in satisfying customers’ orders (Moon, 2013). 

 

In addition to this, it is important to highlight that forecasting demand is 

considered to be different than predicting demand. The difference lays on the 

fact that on the one hand, forecasting is carried out based on historical data, 

which is analysed to identify its trends and then used to obtain an estimate of 

the future demand, and on the other hand, prediction is a more subjective 

process based on the reflections and experience of an individual (Colin, 2012). 

However, whether it is a forecast or a prediction, it will always be subject to 

error and changes according to the influence of the internal and external factors 

that affect the demand of a specific product. 

In the context of this research project, demand forecasting plays a crucial role in 

the demand planning process for SMEs wholesalers within the FSCs, especially 
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those that handle short shelf-life products, given that their limited storage 

facilities and resources impose restrictions to the amount of products that can 

be held in inventory in an efficient manner to satisfy customers’ orders. 

Therefore, this research will focus on improving the accuracy of demand 

prediction, so that loss of profit and unnecessary wastage can be avoided or at 

least minimised. 

 

2.6 Demand Forecasting Process 

 

As stated by Thomopoulous (2015, p.1) “…The common goal is to have the 

least amount of inventory to satisfy the customers’ demands for its products, 

and at the same time minimise the cost of buying and holding the inventory…”. 

The process required to forecast demand, in order to identify the optimal level of 

inventory to be held for each product comprises several steps, which are 

illustrated in Figure 2.4 and described as follows (Sundberg, 2009; Colin, 2012): 

1) Definition of the purpose of the forecast, this step involves defining how 

the forecast will be used, the different processes and personnel within 

and outside the company that will be using this information and 

establishing the level of detail that each one will require. 

2) Selection of the products to be included in the forecast. 

3) Definition of the horizon or period of time to be used to calculate the 

forecast, taking into account that the longer the forecasting term is, the 

less accurate its results will be.  

4) Selection of the forecasting method or model to be used according to the 

type of forecast required in terms of the time period associated with the 

demand data of the products to be analysed. The possible methods are 

classified as short-term or medium-term forecasting. 

5) Data collection in order to obtain and adequately store the past data to 

be used for the forecast. 

6) Creation of the forecast model. 

7) Execution and revision of the forecast following the method previously 

selected. The resulting forecast model must be communicated to all the 

parties involved and the information generated from the forecast should 
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be used to aid the decision making process to determine when and how 

much to buy of each product. 

Products

Selection

Forecasting 

Method 

Selection

Horizon 

Definition

Forecast Model 

Creation

Forecast Model 

Execution

Forecast Model 
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Purpose
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Figure 2.4. Demand Forecasting Process 

2.6.1 Demand Forecast Formatting 

 

Demand forecast formatting refers to the decision process that leads to the 

selection of the forecast model or method to be implemented. The first four 

steps of the demand forecasting process previously mentioned comprise the 

formatting of the demand forecast. Selecting the most appropriate forecasting 

method requires a well informed decision making process, which takes into 

account the specific characteristics of a company’s business and the knowledge 

available about its market sector.  

 

In terms of the possible forecast methods to choose from, they include: 

quantitative methods based on past data, such as time series or causal models 

(See Section 2.7.1), and qualitative methods based on the opinions and 

experiences of the experts (Sundberg, 2009).  

This research will investigate the feasibility of using a knowledge engineering 

approach as an alternative to statistical data analysis to improve demand 

forecasting (See Section 1.2). 
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2.6.2 Demand Forecast Execution  

 

As previously mentioned, effective demand forecasting not only depends on 

selecting the most appropriate method and having the most accurate and up-to-

date data to produce accurate estimates, it is also essential to translate this 

valuable information into wise business decisions to bring the theory into 

practice (Moon, 2013).   

 

Demand forecast execution includes the last three steps of the demand forecast 

process: data collection, creation of the forecast model, and lastly its revision 

and execution. The revision process comprises monitoring the error obtained 

when comparing the estimated demand generated by the forecast model with 

the actual orders. If the errors are significant then the forecast model might 

require further adjustments. 

 

This research implemented several experiments using statistical data analysis 

and a knowledge acquisition process with structured interviews based on a 

specially developed questionnaire about demand management, in order to 

improve accuracy of prediction and aid decision making (See Section 4.2.6 for 

details). 

2.7 Demand Forecasting in Refrigerated and Shelf-life Constrained 

Food Supply Chains 

  

Forecasting the demand of fresh foods products is an essential but complex 

task in supply chain management, given that the demand of this type of 

products can be influenced by a considerable amount of different factors which 

can affect the accuracy of prediction (Zliobaite, Bakker and Pechenizkiy, 2009). 

Therefore, companies involved in the FSCs need to be able to adapt to the 

possible demand fluctuations, in order to satisfy their customers’ orders when 

required, thus avoiding loss of profits that could have been prevented with a 

more thorough and detailed demand forecasting analysis (Doganis et al., 2006). 
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Aburto and Weber (2007, p.137) state that from the point of view of a retailer 

(supermarket), handling a wide range of products the task of forecasting 

demand accuratelly is affected by many factors like “past sales, prices, 

advertising campaigns, seasonality, holidays, weather, sales of similar products, 

competitors’ promotions, among others”. Most of these factors also apply to 

wholesalers as part of the FSCs. Further factors include changing consumer 

preferences (Doganis et al., 2006) and quick turnover (Lee et al., 2012).  

 

In addition to this, Smith and Sparks (2008) argue that the demand forecasting 

process for short shelf-life products requires considering additional variables 

characteristic of the nature of its products such as perishability, freshness, 

temperature and humidity control, and appropriate methods of handling, 

transportation and storage. The efficient control of these variables is highly 

important in order to comply with the current safety regulations of the FSCs and 

to avoid health risks to the end consumers. 

 

The demand management in the fresh and chilled FSCs can be affected by 

several issues generated by the factors previously mentioned. For instance, 

Taylor and Fearne (2006, 2009) identified problems such as variability in 

consumer demand caused mainly by promotional policies, mis-alignment of 

demand and activity along the chain, due to demand amplification (where 

changes in the final demand of a product are reflected on the next amount 

ordered from the supplier in an excesive manner, thus risking generating 

unnecesary waste and sacrificing potential profits). The other phenomenon 

identified by these authors refers to production guided by efficiency targets 

rather than by customers’ orders satisfaction. Finally, innefficiency in the 

management of daily demand, mainly due to communicational and operational 

problems among the members of the supply chain.  

 

This research project will aim to identify the current validity and applicabitily of 

these issues within the FSCs, especially in the case of wholesalers, through the 
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case study of ZPL and the information obtained from other demand planners 

participating in the knowledge acquisition process included in this project. 

 

Forecasting has been studied by several authors in the domain of the FSCs 

using different approaches and techniques. For example, Zliobaite, Bakker and 

Pechenizkiy (2009) proposed a prediction approach using time series (Moving 

Average) with context awareness for food wholesalers, but focussing on sales 

instead of demand. These two concepts are easily confused given their 

similarities, but they refer to different information. For any given company, 

demand forecasting aims to predict the future demand of their products, so that 

production and inventory can be planned accordingly, and sales forecasting 

uses sales historical data to predict future sales (Guo, Wong and Li, 2013).  

Zliobaite, Bakker and Pechenizkiy’s work identified that in order to improve 

accuracy of prediction the categorisation of products is required, which is a very 

complex task to achieve given the product variability characteristic of the FSCs. 

These authors classified historical sales structures according to their behaviour 

in terms of frequency of occurrence, in order to select the baseline predictor 

using domain knowledge and observations. A very relevant point made by these 

authors is that on a regular basis the forecasts are overruled by managers, who 

use their intuition and experience to aid their decision making process. This 

calls for a new approach to forecast demand that takes into account this 

valuable knowledge. Doganis et al. (2006) also studied the sales forecasting for 

the short shelf-life product milk, using a combination of time series, artificial 

neural networks and evolutionary computing. A common issue among these 

type of studies appears to be the restricted availability of historical data and the 

difficulty to establish common patterns in the data, which might affect the 

accuracy and reliability of the forecast. 

In addition to this, in the catering domain, Bozkir and Sezer (2011) presented an 

approach to predict food demand in food courts using decision trees in order to 

determine patterns of consumption of the different menus available. However, 

the literature available about demand forecasting for fresh and chilled food 
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products with short shelf-life is somewhat limited (Jukla and Jharkharia, 2013), 

although an increasing interest for this subject area is being observed among 

researchers. 

 

2.7.1 Numerical Prediction Methods  

 

Traditionally there are two types of approaches that can be used to forecast 

demand: the classical statistical approach and the artificial intelligence (AI) 

approach. On the one hand, the classical approach comprises techniques such 

as moving average, exponential smoothing and auto-regressive integrated 

moving average (ARIMA). These classical techniques are simple to understand 

and implement, yet not suitable to forecast demand on the domain of this 

research project, due to the assumption of linearity between the problem 

variables (Doganis et al., 2006; Chen and Ou, 2008, 2011; Guo, Wong and Li, 

2013; Sarhani and El Afia, 2014). As stated by Mitrea, Lee and Wu (2009, p.67) 

“traditional time-series methods may not be able to capture the nonlinear 

pattern in data”. Therefore, “the aproximation of linear models to real-world 

problems may not be adequate” (Zhan, 2003, p.164), especially when demand 

is affected by trends and seasonality (Zliobaite, Bakker and Pechenizkiy, 2009). 

The demand of fresh food products, as mentioned before, is affected by many 

internal and external factors due to the nature of the business, which makes it a 

non-linear problem of large complexity. Therefore,  these classical techniques 

are considered inappropriate to produce an accurate forecast estimate.  

 

On the other hand, as an alternative, AI techniques have been developed and 

implemented by researchers in the past with promising success to cover real 

world (non-linear) problems of larger complexity as the one subject of study of 

this research project, as well as mixed approaches (Zhang, 2003; Doganis et 

al., 2006; Chen and Ou, 2008, 2011; Guo, Wong and Li, 2013; Temur, Balcilar 

and Bolat, 2014; Sarhani and El Afia, 2014). These AI techniques include 

artificial neural networks (ANN), fuzzy logic, genetic algorithms and expert 

systems. However, there is no clear evidence as to which approach provides 
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better results for demand forecasting (Doganis et al., 2006; Carbonneau, 

Laframboise and Vahidov, 2008).  

In the case of mixed approaches, Aburto and Weber (2007) developed a hybrid 

system combining ARIMA and ANN to improve the demand forecasting of a 

Chilean Supermarket, in order to minimise inventory cost and increase 

customer satisfaction. This hybrid model outperformed the ARIMA and ANN 

when used in isolation. Zhang (2003) also developed a hybrid model combining 

ARIMA and ANN, obtaining also improved performance on forecast accuracy. 

Furthermore, Lee et al. (2012) proposed another mixed approach combining 

Logistic Regression, Moving Average and Back-Propagation Neural Network to 

forecast the sales of fresh food products in a convenience store. What is clear 

from the literature is that no single method is best in all cases (Zhang, 2003; 

Doganis et al., 2006). Therefore, the way forward suggested by researchers is 

to use a combination of different methods in order to increase the chance of 

capturing the variety of patterns present in the data, thus improving forecasting 

accuracy. This research will use a combination of approaches, including 

statistical data analysis experiments, a knowledge acquisition process and a 

case study to improve demand forecasting (See Section 4.2.3 for details). 

2.7.2 Demand Forecasting Pitfalls 

 

Demand forecasting will always be characterised by a degree of uncertainty, 

regardless of how accurate its calculation might be (Strand, 1999). This is 

because it represents a prediction of what will happen in the future based on 

past data. However, the future might bring a completely different scenario of 

events and trends that might affect significantly the demand of a specific 

product.  

 

Besides this unavoidable fact, several authors have identified a number of 

pitfalls that can be avoided in order to improve the accuracy of prediction. The 

pitfalls included in this section are the ones that more closely relate to the 

domain of this research project. 
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First of all, Strand (1999) claims that the unpredictability of the independent 

variable is one of the pitfalls of demand forecasting. This is highly relevant in the 

case of the wholesalers of fresh food products, given that they have to deal with 

frequent fluctuations on the demand of their products, caused by many internal 

and external factors, such as: unpredictable chefs, one-off events and the 

weather, among others. The uncertainty associated to these factors needs to be 

taken into account when forecasting demand, in order to be able to adapt to the 

changes and be prepared to satisfy customers’ orders efficiently.  

Secondly, Sundberg (2009) argues that bias can affect the accuracy of a 

demand forecast. This pitfall refers to the possibility of underestimating or 

overestimating demand due to poor decision making, possibly motivated by 

unexpected events or trends that do not continue, which can lead to unsatisfied 

customers or increased waste respectively. In this case, it is important to 

analyse whether these unexpected situations should affect the demand forecast 

or not. 

Furthermore, Green (2015) states that weak data sets are another pitfall of 

demand forecasting. This particular pitfall is also highly relevant to the domain 

of this project, given that the historical data handled by the wholesalers might 

be vulnerable to errors or missing values that could affect the accuracy of the 

prediction generated by the demand forecast. In order to overcome this, the 

data being used for the forecast should be carefully analysed so that these 

errors and missing values can be identified, if present, and decisions can be 

made about how to deal with these special cases. 

Lastly, in addition to the main pitfalls already mentioned Blue Ridge Inventory 

(2013) highlights further pitfalls that should also be considered when forecasting 

demand in order to improve accuracy of prediction. These pitfalls include: not 

considering the seasonality of their products; not taking into account the impact 

of promotions on the accuracy of the forecast; and not adjusting the demand 

forecast when they gain new customers or when they lose customers, among 

others.  
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This research will aim to address these pitfalls through the knowledge 

engineering approach, which uses the valuable knowledge based on the 

experience and intuition of the experts to aid decision making (See Sections 3.3 

and 4.2.6.2 for details).  

2.8 Summary 

 

In order for wholesalers to survive within the competitive market sector of the 

FSC, the accuracy of their demand forecasting requires close attention and 

monitoring from their demand planners, so that decisions can be made to 

maximise their profits margins and the level of customer satisfaction. This 

chapter has covered the most relevant concepts about supply chain 

management and demand forecasting, which reflect how complex the domain of 

this project is and the impact of accurate demand forecasting for managers in 

the FSC sector and for the satisfaction of the ever changing needs of the 

increasingly demanding end consumers. 
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CHAPTER 3. KNOWLEDGE ENGINEERING                               

 

3.1 Introduction 

 

Debenham (1988) as cited by Kendal and Creen (2007, p. 2) defines 

Knowledge Engineering (KE) as “…the process of developing knowledge based 

systems in any field, whether it be in the public or private sector, in commerce 

or in industry”. This chapter will cover the basic terminology necessary to 

understand how the development process of knowledge-based systems works,  

what are its different components, and how it can benefit the refrigerated and 

shelf-life constrained FSCs. Followed by, a brief explanation of its advantages 

over other numerical forecasting methods. 

3.2 Knowledge-Based System (Expert System) 

 

Knowledge-based systems (KBS), also known as expert systems (ES), are 

defined by Sweeney (1991, p. 47) as “a computer system which possesses a 

set of facts, heuristics or knowledge about a specific domain of human 

expertise, and by manipulating these facts intelligently it is able to make useful 

inferences for the user of the system”. Shadbolt and Smart (2015, p.164) state 

that ES are “…aimed to emulate the performance of experts within narrowly 

specified domains of interest…” This research will develop a knowledge-based 

framework (KBF) to improve demand forecasting in the fresh and chilled FSCs 

following the steps to develop a KBS until the definition of rules. 

 

Experts are defined as individuals that possess “…domain-specific problem 

solving strategies…” (Shalbot and Smart, 2015, p.164), and a large amount of 

domain-specific knowledge, which “… facilitates recognition, organization and 

classification of typical situations and thereby imposes meaning on the 

environment…” (Cooke, 2014, p.36), saving time on decision making in 

comparison to non-experts. In this research aspect, experts are the demand 

planners that deal with the daily forecast of the amount to purchase of each 

product to satisfy customers’ orders.  
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The purpose of a KBS is to provide useful information to its users, in order to 

aid the decision making process. KBS represent one of the alternatives that 

have been explored as a feasible option to provide a solution to demand 

forecasting (See Section 3.6 for details). Ghalia and Wang (2004) argue that in 

certain situations historical data might not produce accurate forecasts due to 

unexpected changes in the business environment, which are often easier to be 

recognised by an expert, who can adjust the forecast based on own experience 

and intuition. These authors claim that experts are capable of handling a wider 

range of information than most of the statistical methods, specially recognising 

events that can affect the forecasts. Therefore, implementing the KE approach 

to externalise the tacit knowledge (See Section 3.3) of demand planning experts 

represents a valid alternative to numerical prediction methods. 

 

As a result of preliminary discussions and meetings with different demand 

planners, it was concluded that creating a KBS using the background 

knowledge and the practical experience of the experts would be a feasible 

solution to this research problem, given its complexity and the diversity of 

factors that affect the demand of fresh and chilled food products.  

 

3.3 Knowledge Acquisition 

 

Tacit knowledge refers to the knowledge that people acquire through 

experience over the years, which is used in a subconscious manner. This tacit 

knowledge is informal and it is often difficult to explain in a sequential form 

(Gebus and Leiviskä, 2007). Externalising the tacit knowledge from the experts 

can aid the decision making process. However, several authors (Hart, 1992; 

Turban, Aronson and Liang, 2005; Mitrea & Lee, 2009; Ko & Fujita, 2013) claim 

that the knowledge elicitation process required to develop KBSs is a very 

difficult task, given that the knowledge of the experts is not normally well 

structured, it might have never been represented in any way and it is often just 

based on their intuition. Moreover, Sandahl (1994) as cited by Turban, Aronson 

and Liang (2005) suggest that knowledge acquisition requires the active 
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participation of the experts in order to build the knowledge base, and the 

knowledge engineer must be able to identify the relevant knowledge from the 

irrelevant one generated during the process. Undoubtedly, the combination of 

these factors makes expert knowledge more difficult to be defined and 

represented.  

 

In order to overcome these challenges and to guide the participants in the 

knowledge acquisition process of this research project, a questionnaire has 

been developed (See Appendix 1), and each participant will be interviewed 

based on that questionnaire. The main advantage of using this approach is that 

the questionnaire will allow the correct expert knowledge to be collected 

according to the problem domain and the interview process will allow a correct 

detailed information collection. 

3.4 Knowledge Representation 

 

Once the tacit knowledge has been gathered through the knowledge acquisition 

process and validated with the experts, the next step is to represent it in a way 

that is easy to understand and follow and to facilitate the creation of the 

inference engine included in the KBS (Turban, Aronson, Liang, 2005). The most 

common and popular method used for this purpose is production rules. The 

simplest syntax for production rules consists of IF condition THEN 

action/conclusion/result, and they can also contain OR ELSE statements, 

depending on the complexity of the rules. There are also other methods to 

represent knowledge that can be used depending on the type of knowledge that 

has been gathered, such as frames, decision trees, objects and logic (Turban, 

Aronson and Liang, 2005). For the purposes of this research, production rules 

will be utilised to represent the acquired expert knowledge due to their simplicity 

and how easy to understand and modify they are, which will facilitate the 

communication process with the experts when verifying the validity of the rules 

to be included in the KBS. See Section 5.5.3 for details about the rules 

proposed for the development of the KBF for Demand Management (KBFDM). 
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3.5 Components of a Knowledge-Based System 

 

KBS include several elements or components which are essential in order to 

provide users with meaningful and useful knowledge to aid the decision making 

process. 

 

Guido and Tasso (1994) state that, from a generic point of view, a KBS can be 

divided into two parts: a central part which comprises the problem-solving 

capabilities or inference engine of the KBS and an external part which 

customises the KBS to be able to interact with its users in an effective manner, 

i.e. user interface, explanation system, etc. More in detail, Giarratano and Riley 

(2005) define the components which comprise the structure of a KBS as 

follows: 

 User interface – allows users to interact with the system and obtain 

answers to queries. 

 Explanation facility – provides the reasons behind the answers given by 

the KBS. 

 Working memory – database of facts used by the rules. 

 Inference engine – mechanism that matches rules to data or information 

provided by the users and decides which one to use according to their 

priorities. 

 Agenda – list of rules in order of priority. 

 Knowledge acquisition facility – allows the users to input knowledge 

directly into the system. 

A graphic representation of the structure of a KBS as defined by Giarratano and 

Riley (2005) can be seen in figure 3.1. 
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Figure 3.1. Components of a Knowledge-Based System (after Giarratano and Riley, 

2005) 

Darlington (2000) argues that the user interface should be as interactive as 

possible in order to allow users to obtain answers to their questions, but also to 

be able to gather explanations about the answers being given, if necessary. 

This interaction between the user and the interface should simulate as closely 

as possible a real-life dialogue. 

In terms of the architecture of the ES, the relationships between the different 

components of a KBS are illustrated in figure 3.2. As it can be seen, the 

knowledge base stores the rules and facts that are used by the inference 

engine to provide answers or solutions to the questions formulated by the users 

through the user interface. The inference engine is also capable of learning 

from the data or information provided by the users (rule induction), generating 

new data or rules which are then stored in the knowledge base. The users of 

the KBS can also input new data directly into the knowledge base. 
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Figure 3.2. Architecture of an Expert System (after Darlington, 2000) 

All the components of a KBS are important to generate useful information for 

the end users. However, the quality and accuracy of the information contained 

in the knowledge base is essential to produce an ES which is as accurate and 

reliable as possible. Therefore, the knowledge acquisition stage is vital in the 

development of a good KBS. 

3.6 Relevance to Refrigerated and Shelf-life Constrained Food 

Supply Chain Problems 

 

As mentioned before, the perishable nature of the products handled by fresh 

FSCs, as well as the influence of internal and external factors that affect their 

performance within their market sector, and the variability on the demand of 

their products make demand forecasting for this type of products a problem of 

large complexity. In Section 2.7.1, it was discussed that several researchers 

have had promising success using AI techniques for demand forecasting 

problems of large complexity in the past. Specifically, according to the literature, 

KBSs have been explored by several authors as a feasible approach to provide 

solutions to forecasting problems in several areas, for example, gas demand 

(Smith, Husein and Leonard, 1996), energy demand (Hung, Batanov and 

Lefevre, 1998), medium-term load (Falvo et al., 2006) and long-term load 

(Kandil, El-Debeiki and Hasanien, 2001), and fashion colour trend (Yu, Hui and 

Choi, 2011), among others.  

 

More closely related to the domain of this research, Mitrea and Lee (2009) 

developed a knowledge discovery system to extract the rules used by ANNs to 

forecast demand and lead time to improve inventory management. However, 

Knowledge 
Base 

(Rules and 
Facts) 

Inference 
Engine 

User Interface 

Stored 

Stored 

Questions 

New Data Solutions 

New Data 



Chapter 3: Knowledge Engineering 
 

50 
  

the development of this knowledge discovery system did not involve any 

knowledge acquisition process with experts, instead it focussed on analysing 

the weights of a neural network to extract the rules behind them (Mitrea and 

Lee, 2009). These authors highlighted that forecasting accuracy can be used to 

improve the efficiency of inventory control, through the use of rules, which are 

an easily understandable form of knowledge about the variables that affect the 

accuracy of prediction. However, KBSs have not been implemented to improve 

demand forecasting in the domain of SMEs wholesalers in the fresh and chilled 

FSCs. Therefore, this research project aims to investigate the applicability and 

the benefits of the KE approach to improve demand forecasting in the fresh 

FSCs sector, specifically in the SMEs wholesaler domain. The results obtained 

during this study will greatly contribute to the knowledge available to aid future 

research in the subject area. 

 

This approach will be explored considering that there is a large amount of 

information about the different factors that affect the demand of fresh produce 

that cannot be accessed just by analysing the numbers or searching the 

available literature in the subject area. Supporting this idea, Gebus and Leiviskä 

(2007) claim that the knowledge-based approach uses the people directly 

involved in a specific process as the best source for ideas to improve it. 

 

The valuable knowledge that demand planner experts use on a daily basis, 

based mainly on their experience and intuition, to solve problems related to 

demand forecasting and the satisfaction of their customers’ orders is what the 

KBF to be developed during this research will aim to comprise. 

3.7 Advantages and Disadvantages over other Numerical 

Forecasting Techniques 

 

To reiterate, KE represents a more feasible option for demand forecasting in the 

domain of this research project, because KE as an AI technique allows working 

with non-linear problems of larger complexity than other traditional numerical 

methods, like in the case of demand forecasting of fresh food products, which 
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presents high fluctuations in demand and is affected by a diverse range of 

factors. 

In addition to this, it can be said that the KE approach also brings advantages at 

organisational and user level, such as follows (Darlington, 2000; Giarratano and 

Riley, 2005): 

 Permanence – the knowledge is permanent, in contrast to human 

experts that can be off-sick, quit their job or retire.  

 Explanation – the explanation facility allows users to learn from the ES 

as to how a conclusion was made and why it is the correct choice. 

 Availability – The knowledge can be accessed from any computer.  

 Reduced cost – The cost of running the ES is considerably less than 

paying the salaries of the experts, therefore the cost of providing the 

expertise per user is lower. 

 Fast response – answers are provided quicker and more promptly than 

from a human expert. 

 Multiple expertise – The knowledge of more than one expert can be 

stored in the knowledge base. 

 Competitive edge – an ES will represent a competitive advantage for any 

company, providing faster responses and more accurate decisions. 

Despite the advantages mentioned above, knowledge acquisition is a 

challenging task. As stated by Hart (1992) the knowledge elicitation process can 

be affected by issues like unavailability and lack of involvement of the experts, 

communication and cooperation problems, and more importantly, the amount of 

hours that experts need to dedicate to the knowledge acquisition process, 

considering their already busy schedules. Therefore, it is important to maintain 

good relationships with the experts from the start of the knowledge acquisition 

process with open channels of communication, so that the quality of the 

outcome is not affected.  

In addition to this, Gebus and Leiviskä (2007) state that the technique 

implemented to obtain the knowledge from the experts can affect the quality 
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and accuracy of the information obtained. For instance, if observations are 

carried out, the experts might act differently or omit certain information due to 

the extra pressure of being observed. In the case of interviews, the quality of 

the questions formulated will affect the accuracy and completeness of the 

answers provided, and also the amount of background knowledge that the 

knowledge engineer has about the subject might affect the understanding of the 

answers gathered from the experts. Therefore, face-to-face structured 

interviews are advised as the best way forward to improve accuracy of 

information and to be able to ask for clarification or further explanation of the 

experts’ responses if necessary. However, Turban, Aronson and Liang (2005) 

highlight the difficult task for the knowledge engineer to recognise relevant 

knowledge from the irrelevant one. Therefore, once the knowledge has been 

gathered, analysed and represented, it is recommended to go back to the 

experts to check for accuracy and to verify if there is any missing information.  

3.8 Summary  

 

KE represents an alternative approach which allows to gather the valuable tacit 

knowledge handled by the experts (knowledge acquisition process) to build up a 

knowledge base, which is then used by an inference engine to provide answers 

to the queries that users of the KBS input through its user interface.  

 

Non-linear problems of large complexity require different approaches to the 

traditional numeric prediction methods in order to provide more accurate and  

useful results. KE is one of the approaches which is gaining increasing 

popularity among researchers considering its numerous advantages.  
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CHAPTER 4. RESEARCH METHODOLOGY 

 

4.1 Introduction 

 

This chapter will describe the methodology that was implemented during the 

different stages of the development of this research project, including the 

philosophy behind it and the different methods and techniques utilised leading 

to the data collection and analysis, according to the Research Onion proposed 

by Saunders, Lewis and Thornhill (2012). In addition to this, the research steps 

followed from beginning to completion will also be described. 

 

4.2 Research Onion 

 

 

Figure 4.1. Research Onion (after Saunders, Lewis and Thornhill, 2012)  

Saunders, Lewis and Thornhill (2012) suggested that in order to design the 

research methodology to be followed in a specific project, there are several 

aspects that need to be defined in a particular order. These authors proposed 

defining six layers, which represent the layers of the Research Onion (See 

Figure 4.1). These layers comprise in order of priority from the outer layer 
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inwards the selection of philosophies, approaches, strategies, choices, time 

horizons, and techniques and procedures. The ones defined for the purposes of 

this reseach project are as follows: 

4.2.1 Philosophies 

 

Typically researchers choose the philosophy that most relates with the purpose 

of their work and then select the methods and techniques associated to that 

philosophy in order to develop their research. However,  Knox (2004) argues 

that even though certain relations between philosophies and methods may 

exist, this should not be taken as a limitation for the methods to be used. 

Therefore, in terms of this research the philisophy-methods relation will be 

considered to aid the methods selection process, but also exploring other 

available methods in order to find the most suitable ones for the purposes of 

this project. 

 

According to the literature, there are three different philosophies which research 

can be based on, which are ontology, epistemology and axiology (Saunders, 

Lewis and Thornhill, 2012). The philosophical position that most adapts to the 

objectives of this research project is realism, which is based on the philosophy 

of epistemology. Realism is based on the idea that scientific research is not 

perfect, therefore it is always open to be improved and reviewed, often using 

several research methods to compare results and produce a more trust-worthy 

conclusion (Saunders, Lewis and Thornhill, 2012). Realism is considered to be 

the most appropriate choice of philosophy, given that the complexity of the 

demand forecasting problem in the fresh and chilled FSCs domain would 

require several experiments with many different methods in order to find the 

best solution or approach to improve the accuracy of prediction. 

4.2.2 Approaches 

 

Saunders, Lewis and Thornhill (2012) state that the two approaches commonly 

used to develop research are deductive and inductive. The deductive approach, 

illustrated in Figure 4.2, starts with a statement or research question which it 
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aims to answer, and the inductive approach works in the opposite way, aiming 

to create theory from a working title or research question (See Figure 4.3). It 

can be said that this reseach project will involve a combination of the deductive 

and the inductive approach. On the one hand, in terms of the deductive 

approach this research will include the statistical data analysis of the demand 

data provided by the wholesaler used as case study, in order to identify the 

most influential factors affecting the demand of a selection of their products and 

how these factors affect the accuracy of prediction. On the other hand, the 

inductive approach will also be utilised in order to collect, represent and analyse 

the tacit knowledge from the demand planners in the domain of this project,  so 

that rules can be identified to aid the decision making process for demand 

management. 

Theory
Research 
Question 

(RQ)

Data 
Collection

Findings
Confirmation 
or rejection 

of RQ

Revision  

Figure 4.2. Deductive Approach (after Saunders, Lewis and Thornhill, 2012) 

Research 
Question

Observation Description Analysis Theory

 

Figure 4.3. Inductive Approach (after Saunders, Lewis and Thornhill, 2012) 

4.2.3 Strategies 

 

The combination of deductive and inductive approaches mentioned in the 

previous section will involve different strategies, including experiments exploring 

several statistical data analysis techniques in order to identify which one 

produces the best results in terms of improvement of accuracy of prediction. In 

addition to this, a questionnaire will be developed to be used as a tool to aid the 

collection of the tacit knowledge from the demand planner experts as part of the 

knowledge acquisition process included in this research. Furthermore, the case 

study of the fresh produce wholesaler ZPL will be used to gather further insight 

knowledge regarding the complexity of the problem and specific internal and 
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external factors that affect the demand of their products. The historical demand 

data provided by ZPL will be used to analyse the correlation between influential 

factors and the demand of some of their products. 

 

4.2.4 Choices 

 

To reiterate, this research will comprise a choice of mixed-methods, quantitative 

and qualitative, in order to generate the most relevant and reliable                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

information possible to help answering the research questions originally 

formulated (See Section 1.2).   

 

4.2.5 Time Horizons 

 

The time horizon of this research project is considered to be longitudinal, given 

that it will analyse the historical demand data provided from ZPL, which covers 

a period of time of five years between 01/05/2009 and 30/04/2014.   

 

4.2.6 Techniques and Procedures (Data collection and Analysis) 

 

The details regarding the techniques and procedures that will be used during 

the data collection and analysis process will be specified in the following 

sections. 

4.2.6.1 Preliminary Statistical Data Analysis 

 

The preliminary statistical data analysis will comprise a series of experiments 

using correlation analysis, in order to identify the most influential internal and 

external factors affecting the demand of the selected products from  ZPL, based 

on the demand data provided by this wholesaler. After this, the impact on the 

improvement on accuracy of prediction will be calculated for the most influential 

factors. 
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4.2.6.1.1 Correlation and Lagged Correlation Analysis 

 

This technique was implemented in order to find possible correlations between 

the variations encountered in the ZPL demand data for specific products and 

several possible influential factors. Correlation analysis was chosen over other 

techniques like regression analysis, in order to investigate relationships 

between two variables at a time (no more than two), and also to be able to test 

the statistical significance of the association, depending on the resulting value 

of the correlation coefficient (r).The confidence level was set to 95%, and the 

correlation coefficient (r) was considered to have a small effect when r≥0.1, a 

medium effect when r≥0.3 and a large effect when r≥0.5, based on the 

literature.  

 

The products selected for analysis were chosen in consensus with ZPL, in order 

to provide a variety of products with different short shelf-life (ranging from 

products that need to be purchased on the day to satisfy orders, like 

strawberries, and products with a few more days of shelf-life, like milk). Other 

products agreed for the initial analysis included Italian and iceberg lettuce and 

pre-cut chips. The influential factors studied were holidays (including public 

holidays, summer holidays, school holidays and weekends), and different 

weather conditions such as cloud cover, humidity, temperature, wind speed, 

snow, rain, clear, foggy, overcast, windy, and dry, among others.  

 

In addition to this, a lagged correlation analysis was also carried out in order to 

find possible correlations up to a week before and a week after.   

 

Given that the risk of obtaining a false positive result (type 1 error) increases 

when multiple hypotheses are tested (Cohen, 2003), a Bootstrap simulation 

program, written by Supervisor Dr. Ross Clement, was used for selecting the 

best correlation coefficients from a number of coefficients calculated. The 

program provided an estimate of how strong the best correlation had to be for it 

to be statistically significant. The analysis undertaken took into consideration 
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the result from the Bootstrap simulation in order to facilitate the rejection (or 

failure to reject) of the null hypothesis of no correlation. 

 

In addition to this, a further correlation analysis was carried out between the 

demand prediction error (calculated taking into account the difference between 

the predicted demand and the actual orders) and the weather data (considering 

the most significant weather conditions that affect demand identified during the 

previous correlation analysis).  

4.2.6.1.2 Support Vector Machines 

 

SVM is a recent AI technique that has been successfully applied in many fields, 

including forecasting problems (Yue et al., 2007; Sarhani and El Afia, 2014). 

Taking this into consideration, the WEKA software version 3.6.12 from the 

University of Waikato was used to carry out experiments with different SVM 

regression types and the different test options available, in order to see how it 

improved demand prediction in the domain of this project. The SVM regression 

types used were epsilon-SVR and nu-SVR, and the tests options included cross 

validation with 10 folds and percentage split of 66%.  

 

4.2.6.1.3 Other numerical prediction methods 

 

Other numerical prediction methods were also implemented by Supervisor Dr. 

Parminder Kang, using the ZPL demand data, specifically for the product milk. 

These experiments included methods such as: median, modified median, 

average, modified average and modified exponential. The product milk was 

chosen for these additional experiments given that it is a more stable product, 

therefore producing more data points, making it easier to analyse. This is also a 

very popular product among ZPL customers. The results obtained from the 

analysis of the product milk can then be used as reference to analyse more 

inconsistent products with higher fluctuations in demand. 
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4.2.6.2 Knowledge Engineering Approach (KEA): 

 

The KEA comprised several techniques which facilitated the process to 

externalise the tacit knowledge from the demand planner experts, such as 

development of a questionnaire for demand management, structured interviews, 

knowledge engineering tool and on-site interviews. 

 

4.2.6.2.1 Development of Questionnaire about Demand Management 

 

In order to be able to externalise the tacit knowledge that the demand planners 

use in their decision making process for daily demand forecasting, a 

questionnaire was developed to aid this process. This questionnaire contained 

20 questions with a variety of question types about the main factors and issues 

that affect demand forecasting, according to the results of the literature search 

undertaken. The question types used included the following (Taylor-

Powell,1998): 

 Close-ended questions providing the most common possible answers 

(based on the literature review undertaken) for the respondents to 

choose from, but also giving the option of specifying another answer if 

the one closest to the respondent’s experience was not available in the 

list provided.   

 Closed question with “Yes” or “No” as possible answers, also asking for 

further details if the answer was affirmative.  

 Close-ended questions that asked the respondent to provide a rating 

using a scale from 1 to 6, where 1 represented the least favourable 

rating and 6 the most favourable one. The idea of presenting a scale 

with an even number of options, as suggested by Taylor-Powell (1998), 

was to avoid the common occurrence of the respondent selecting the 

middle value in the scale or neutral option without having to show which 

way their opinion is leaning towards. 
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 Other type of questions used in the questionnaire was open questions to 

allow the respondents to give as much detail as possible in their 

answers, mainly asking respondents to provide lists of specific 

information regarding their business and factors or issues that affect 

their demand forecasting, along with possible solutions.   

The questionnaire was divided into two sections, the first section included 

questions based on the respondent’s experience regarding their current 

demand forecasting practice and the second one aimed to collect information 

about the respondent’s knowledge about demand management. 

4.2.6.2.2 Structured Interviews 

 

The data collection process was designed with the purpose of gathering as 

much knowledge as possible from the experts. Taking this into account, 

structured interviews were arranged and carried out with the demand planners 

from several companies in the fresh foods supply chains sector. The 

questionnaire was used as a tool to give the interviews a more defined 

structure, which would help to obtain more detailed and specific knowledge from 

the experts, by having the opportunity to ask further questions as a result of the 

respondents’ answers.  

 

4.2.6.2.3 Knowledge Engineering Tool 

 

Alongside the structured interviews carried out with demand planners from ZPL 

and other commercial collaborators of the project, a flow of information was 

obtained through a Knowledge Engineering Tool (KET) developed specially for 

this purpose by Supervisor Dr. Ross Clement, which helped to identify the 

reasons behind the differences between the values of demand prediction and 

actual orders. The demand planner from ZPL provided this information by 

uploading in the system a critique whenever there was a significant difference 

between these values, stating the possible causes. The selection of products 

used for the knowledge engineering approach included the following: Bryans 

Leafy Large, Baby Mixed Leaf Large, Button and Field Mushrooms, Iceberg 
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Lettuce and Semi-skimmed Milk. The change in the selection of products was 

done in consensus with ZPL, and the reason behind this decision was to include 

in the study products which are more problematic for ZPL in terms of demand 

forecasting. The analysis of this information helped to identify the most 

influential factors or issues affecting their demand forecasting. This approach 

proved to be very beneficial to identify valuable information specific to their 

business. 

4.2.6.2.4 On-site Interview 

 

An on-site interview was carried out on the premises of the wholesaler ZPL. 

This was a very productive meeting which generated valuable information about 

how ZPL deals with the forecast of some of their most problematic products 

(See Section 5.5.1.2 and Appendix 4 for details), and it also allowed the 

observation of the space and storage facilities available and the general 

conditions in which the company operates. 

4.3 Research steps 

 

1. Problem Identification: this step involves a systematic literature review 

about supply chain management, demand forecasting and knowledge 

engineering, in order to investigate the literature available in related 

domains, identifying possible research gaps, and critically analysing how 

other researchers’ work relate to the objectives of this research project. This 

will contribute to gain greater understanding about the background to the 

problem.    

2. Preliminary Experiments: This step will include the implementation of 

several quantitative statistical data analysis techniques, such as correlation 

analysis and support vector machines, in order to investigate the most 

influential factors that affect the demand of ZPL products. 

3. Problem Conceptualisation: In addition to the literature review, other 

important sources will be consulted in order to aid the problem 

conceptualisation, such as meetings with ZPL demand planners and with the 

supervisory team, as well as the project steering committee meetings. 



Chapter 4: Research Methodology 
 

63 
  

4. Problem Assessment: As a result of the information gathered through the 

previous steps, the research problem will be assessed in order to evaluate 

the validity of the results obtained. If required new experiments will be 

included in the study. 

5. Knowledge Acquisition: In this step a knowledge acquisition stage will be 

carried out, during which information will be collected through structured 

interviews (face-to-face or virtual), questionnaires and observations. This 

stage will help to achieve one of the research objectives of this project, 

which is to collect the tacit knowledge from the demand planners experts, in 

order to develop the KBFDM. For this purpose, a questionnaire about 

demand management has been created in order to aid the structured 

interviews, which will be used to gather the knowledge of the experts. As a 

follow up to the structured interviews, futher communications might be 

required between the parties involved, in order to clarify the information 

obtained or to request further details or explanations about the topics 

discussed. Furthermore, the interviews carried out will be transcribed in 

order to guarantee that no relevant information is left out or lost. Additionally, 

visits to ZPL will be arranged in order to carry out direct observations of their 

demand management operations. The KET will also be used to collect 

valuable information about the reasons behind discrepancies between actual 

orders and demand prediction. 

6. Knowledge Analysis and Representation: In this step, the information 

collected through the knowledge acquisition process will be analysed in 

order to produce a representation of the knowledge obtained, to be able to 

extract the rules that will be included in the KBFDM to support the decision 

making process. The idea behind this analysis is to produce useful 

information to complement the demand forecast and to improve the 

accuracy of prediction. 

7. Design and Implementation: as a result of the knowledge analysis and 

representation stage, this step is proposed (partially covered in the current 

research), which will comprise the definition of the rules to be included in the 
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KBFDM and the proposal its the design features. It might be required to re-

asses the problem as a result of this stage.  

8. Testing and documentation: this step (not covered during this research) 

will be required in order to test the accuracy of the framework with the 

commercial partners of the project. Further development and analysis might 

be required depending on the results of the testing and documentation 

stage, in order to achieve an appropriate confidence level for the framework 

so that it can be regularly used to support the decision making process for 

demand forecasting. 

 

A summary of the different stages included in the proposed research steps is 

illustrated in Figure 4.4.   
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Figure 4.4. Research steps for the development of the project. 

4.4 Summary  

 

This chapter has covered the reseach methodology implemented for the 

development of this study, including the definition of all the different layers of 

the Research Onion such as philosophies, approaches, strategies, choices, 

time horizons, and techniques and procedures used for collecting and analysing 

the data. To sum up, this research uses the critical realism philosophical stance, 

based on the philosophy of epistemology, including a combination of deductive 
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and inductive approaches with quantitative and qualitative methods to be able 

to provide more reliable results. Additionally, the different steps followed in 

order to achieve the objectives of this reseach were also described, as well as 

other proposed steps not fully covered during this study. 
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CHAPTER 5. ANALYSIS OF THE RESULTS 

 

5.1 Introduction 

 

This chapter covers the analysis of the results obtained through both 

quantitative and qualitative approaches implemented during this research 

project. 

5.2 Problem Identification 

 

This section corresponds to research step 1, which was illustrated in Chapter 2 

and 3, especially under sections 2.7, 2.7.1 and 3.6, where the most relevant 

literature to the domain of the project was critically analysed in order to gain 

greater understanding of the background to the problem. The research problem 

is described under Section 1.2. 

 

5.3 Analysis of the results from the statistical data analysis 

techniques  

 

This section corresponds to research step 2 and covers the  analysis of the 

results obtained from the implementation of the techniques included in the 

preliminary statistical data analysis specified under Sections 4.2.6.1.1, 4.2.6.1.2 

and 4.2.6.1.3.  

 

All the different statistical data analysis techniques implemented during this 

study showed no significant improvement in the accuracy of demand prediction. 

A detailed summary of the values obtained during this analysis can be seen in 

Table 5.1. 

 

The lagged correlation analysis took into account the data corresponding to the 

period between 01/05/2009 and 30/04/2014. The 19 cases included in this 

lagged correlation analysis were the ones corresponding to the strongest 

correlation coefficients already found during the previous correlation analysis 

carried out based on the ZPL demand data. Fifteen hypotheses were tested for 
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each case, considering the demand on the current date as well as the demand 

for up to one week before and one week after. 

 

    

 

 

 

 

       Table 5.1. Summary of results from statistical techniques implemented 

The result obtained from the bootstrap simulation indicated, as shown in Figure 

5.1, that considering the 1827 records and the 285 coefficients calculated, the 

best correlation needed to be above 0.08742882 or below -0.08742882 in order 

to be statistically significant. 

 

Figure 5.1. Bootstrap simulation results 

 

Even though some weather conditions like cloud cover, partly cloudy, mostly 

cloudy and clear were found to have a small to medium correlation to the 

variations on demand for milk and strawberries, when analysing the effect of 

these correlations on the accuracy of prediction the numbers did not show a 

significant improvement. This can be due to several reasons, which include the 

accuracy of the data available, more historical data might be needed in order to 

show more significant correlations between the variations on demand and the 

different influential factors, and more importantly, the nature of the business 

which suffers frequent fluctuations due to internal and external factors, which 

are often difficult to predict and unexpected.  

r= Correlation  
Coefficient 
 
RMSE= Root Mean 
Squared Error 

Techniques Product Holidays Weather

Correlation Milk -0.16<r<0.11 -0.29<r<0.37

Strawberry -0.16<r<0.11 -0.1<r<0.11

Lagged Correlation Milk -0.309<r<0.411 -0.315<r<0.392

Strawberry -0.243<r<0.394 0.086<r<0.138

Milk -0.062<r<0.064

Strawberry 0.013<r<0.001

Support Vector Machine Milk 56.908<RMSE<61.643

Strawberry 16.988<RMSE<18.306

Lettuce 25.328<RMSE<25.458

Influential factors

Prediction Error vs Weather 

Correlation 
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In terms of the SVM technique results, the Root Mean Squared Error (RMSE) 

obtained in all cases studied was above 16.9, which is not considered to be 

acceptable, given the large amount of wasted products that this figure would 

represent. The different SVM test options used did not show any significant 

improvement in the accuracy of prediction in any of the cases evaluated, as it 

can be seen from the range of RMSE values obtained for each of the products 

analysed (See Table 5.1). 

In addition to this, Table 5.2 shows the results from further numerical 

predictions methods that were investigated by Supervisor Dr. Parminder Kang 

during this research. The percentage of prediction error obtained through all of 

these techniques was over 15%, which is also not acceptable, since these 

results are based on the product milk, which is considered to be an easy 

product to predict. Taking this into account, it can be said that other fresh 

products with shorter shelf-life like soft fruits would generate an even larger 

amount of waste. Therefore, these results do not represent any improvement on 

the accuracy of prediction already achieved by ZPL through their current 

methods of demand prediction.   

 

Table 5.2. Results from other numerical prediction methods 

5.4 Problem conceptualisation / assessment 

 

This section refers to research steps 3 and 4. One of the strategies of this 

research specified under Section 4.2.3 is the case study of the fresh produce 

wholesaler ZPL. In order to aid the conceptualisation of the problem an on-site 

meeting with ZPL was carried out, which produced valuable information (See 

Appendix 4), which was used in the definition of the rules proposed for the 

development of the KBFDM (See Section 5.5.3). The key findings of the 

interview detailed under Section 5.5.1.2 comprise aspects such as baseline 

stock maintenance, busy periods, unpredictable chefs, effect of holidays on 

Technique

Median Modified 

Median

Average Modified 

Average

Modified 

Exponential

Error % 17.58% 15.33% 18.37% 15.27% 15.94%
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demand, substitute products, preparation and compensation orders and 

promotions. 

 

Quarterly project meetings with project partners, supervisors and ZPL demand 

planners also took place, which allowed gathering further insight from ZPL 

demand planners and other members of the team to aid problem 

conceptualisation and to check on the accuracy of the information already 

gathered. 

 

The problem assessment was carried out mainly during the selection and 

design of the different experiments implemented in this research as specified 

under Sections 4.2.6.1.1, 4.2.6.1.2 and 4.2.6.1.3. The approach taken for this 

assessment was to carry out each experiment and depending on the results 

obtained, the possibility of modifying the experiments or adding new ones was 

explored in order to investigate if further improvements in the accuracy of 

demand prediction could be obtained.  

 

Email communications with ZPL demand planners were also used as a way to 

check the accuracy of the information being used for analysis and to ask for 

feedback, clarification or further details when required (See Appendix 3, 5 and 

6).  

 

5.5 Analysis of the knowledge gathered using the Knowledge 

Engineering Approach  

 

This section refers to the research steps 5 and 6 specified in Section 4.3, and 

includes the analysis of the knowledge gathered through the structured 

interviews, the on-site interview with ZPL and the KET.  
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5.5.1 Key findings from the Knowledge Engineering Approach  

5.5.1.1 Structured Interviews with demand planner experts using the 

questionnaire for demand management 

 

This section includes the results obtained for each question formulated in the 

questionnaire for demand management used during the structured interviews to 

externalise the tacit knowledge of the demand planner experts participating in 

the knowledge acquisition process (See Section 5.5.2 for further analysis of the 

results of the questionnaires using Mind Maps).  

 

Regarding your current demand forecasting practice: 

 

Question 1: What method do you use for demand forecasting? 

 

                          Figure 5.2. Results of question 1 

 

Question 2: What is your method of demand forecasting based on? 

 

                                   Figure 5.3. Results of question 2 
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Question 3: Do you use any form of computer program to aid demand 

forecasting? 

 

         Figure 5.4. Results of question 3 

 

Question 4: Do you consider that your demand forecasting method is efficient? 

 

         Figure 5.5. Results of question 4 

 

Question 5: Do you consider your demand forecasting method is accurate? 

 

            Figure 5.6. Results of question 5 
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Question 7: What level of flexibility does your demand forecast allow? 

 

           Figure 5.7. Results of question 7 

 

Question 8: How frequently do you have to make major changes to your 

demand forecast? 

 

         Figure 5.8. Results of question 8 

 

Question 9: How frequently do you have to make minor changes to your 

demand forecast? 

 

          Figure 5.9. Results of question 9 
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Question 10: What is the horizon (period of time) of your demand forecast? 

 

         Figure 5.10. Results of question 10 

 

Question 11: How does the relationship with your suppliers affect your demand 

forecast? 

 

                             Figure 5.11. Results of question 11 
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Regarding your demand management knowledge: 

 

Question 12: What factors or variables affect your demand forecasting?

 

                                              Figure 5.12. Results of question 12 
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Question 14: What consequences does inaccuracy in demand forecasting 

have on your company? 

 

                                     Figure 5.13. Results of question 14 

 

Question 15: What are the most common issues that you face when 

forecasting demand? 

 

                                        Figure 5.14. Results of question 15 
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Question 17: Do you have any contingency plans when your demand forecast 

is underestimated? 

 

                                      Figure 5.15. Results of question 17 

 

Question 18: Do you have any contingency plans when your demand forecast 

is overestimated? 

 

                                      Figure 5.16. Results of question 18 
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Question 19: What effect do new customers have on your demand 

forecasting? 

 

                                   Figure 5.17. Results of question 19 

 

Question 20: What effect do leaving customers have on your demand 

forecasting? 

 

                                    Figure 5.18. Results of question 20 
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2) Adjustment of stock for busy periods: normally based on experience, 

using their intuition, unless they have records they can base their 

decisions on. ZPL builds up stock beforehand, incrementing their 

baseline stock between 10 and 30% (not a fixed percentage) for popular 

products to adjust to the higher demand. 

3) If the baseline stock is not sold on the day, it can be sold on the following 

days, in the case of products that have a few days left of shelf-life. 

4) Chefs often over-buy or under-buy due to lack of experience.  

5) Friday and Saturday are the days when customers stock-up their 

products, especially when ZPL will be closed on days ahead, i.e. during 

bank holidays. 

6) Holidays have a significant effect on demand, especially in the case of 

school holidays, which needs to be analysed based on region. 

7) The demand of products like iceberg lettuce and semi-skimmed milk is 

lower during school holidays, given that schools are the main customers 

for these products. 

8) Some important factors affecting demand are: day of the week, 

unpredictable chefs and special events. 

9) Possible substitutes are a factor to consider when analysing the demand 

of similar products.  

10) Demand is affected by what chefs need and how much time they have to 

prepare the products and how much money they want to spend. 

11) Some customers order on specific days, i.e. some will buy on Mondays 

in preparation for the week and on Thursdays in preparation for the 

weekend.  

12) When customers buy on different days is normally due to adjustments 

related to demand variations of their own products. 

13) When stock needs to be shifted, promotions or special deals can be 

offered to customers. 

14) High demand of vegetables during weekend might be due to being used 

as side for main meals. 



Chapter 5: Analysis of the Results 
 

80 
  

5.5.1.3 Information from the KET 

 

Given the fact that the process of uploading the information about actual 

orders and critiques using the KET was very time-consuming for the demand 

planner, there were many records where the critiques were not given, either 

because there was not a clear or apparent reason for the difference, or because 

the uploading process had been delayed for a few days, making it more difficult 

to remember the exact details of what happened each day. Consequently, the 

results obtained through the KET were not as detailed as initially expected. 

However, several useful points were identified that confirm most of the 

information obtained through the on-site interview with ZPL, and are the 

following: 

1) The unpredictability of chefs, possibly due to lack of experience or poor 

demand forecasting, tends to generate orders to compensate on 

previous mistakes or to adapt to sudden changes on demand. Therefore, 

under-ordering and over-ordering are significantly common occurrences. 

2) School holidays have a notorious impact on the demand of specific 

products, such as semi-skimmed milk, lettuce and other fruits and 

vegetables traditionally used by schools in the UK, which produces below 

average orders for this type of products during this period of time. 

3) New customers can produce sudden changes on the demand of 

particular products. 

4) Occasionally customers do not order as much as they usually do of a 

particular product, which produces low orders when compared to the 

prediction (See Appendix 6). 

5) Changes on menus can also generate unexpected order variations, 

either reducing or incrementing the actual order of a specific product in 

comparison with the amount forecasted, and also generating orders for 

new products that were not ordered before. 

6) When the quality of a product is not acceptable, its substitutes often 

present an increased number of orders. The same happens when a 
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product goes out of season locally, its substitutes experience increased 

orders until the wholesaler can have access to the products from other 

regions or countries (See Appendix 5). 

7) Customers increase orders during the days previous to a bank holiday, in 

order to stock up and have enough products to last while ZPL is closed.  

5.5.2 Mind Maps  

 

As mentioned in Section 4.2.6.2.2, structured interviews with demand planning 

experts were carried out as part of the knowledge acquisition process using the 

questionnaire especially developed for this purpose. Demand planners from five 

different companies of the FSCs participated in the process. The completed 

questionnaires with the detail of the responses given by the demand planners to 

each question can be seen in Appendix 2.  

 

In order to facilitate the analysis of the information and knowledge gathered 

through the structured interviews, mind maps were used to represent it, as a 

way to have all the information in one place to help finding the most common 

answers for each of the topics covered in the questionnaire. 

Two mind maps were produced, which can be seen in Figures 5.19 and 5.20. 

The first mind map (Figure 5.19) covers demand forecasting topics such as 

methods, frequency of changes, horizon, relationship with suppliers and 

influential factors. The second map (Figure 5.20) includes aspects such as 

consequences of inaccuracy, common issues, contingency plans and effect of 

changes in the number of customers. The reason for having two mind maps 

instead of one was to divide the information available so that the resulting mind 

maps were not overloaded, thus making them more readable and easier to 

understand and analyse.  

After analysing the information in the mind maps, the following findings can be 

highlighted: 

1) Most companies use a combination of methods to forecast the 

demand of their products, instead of a unique one, mainly based on both 
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last year and average sales. The use of baseline or target stock level is 

also a popular method. 

2) Demand forecasting methods are frequently based on experience and 

knowledge about sales, customers behaviour and the market sector. 

3) 60% of the participant companies do not use specialist computer 

programs for demand forecasting, although some of the information used 

for decision making is often stored in computers using other 

management systems or spreadsheets. 

4) The performance of the current methods for demand forecasting used by 

these FSCs companies is considered to be above average in terms of 

efficiency, accuracy and flexibility, although in most cases the opinion 

was that it fulfils its purpose, but it could be improved. 

5) Major and minor changes to demand forecast are common depending 

on the circumstances. Minor changes happen more often to make 

adjustment to achieve specific targets and to satisfy the changing 

customers’ requirements. 

6) The most popular horizon (period of time) for demand forecasting used 

in this sector is daily, which shows the high level of demand fluctuation 

characteristic of the fresh produce market sector. 

7) In terms of the relationship with suppliers, trust and reliability are 

considered important factors in order to provide confidence to 

wholesalers that products ordered will be delivered when required and 

with the level of freshness and quality expected. If suppliers do not 

perform in an acceptable manner, alternative suppliers are frequently 

used. 

8) In general, the most influential factors affecting the demand of fresh 

and chilled products are the weather and seasonality. However, other 

factors more closely related to a specific type of business were also 

identified, for instance, school holidays, unpredictable chefs, special 

events, day of the week, among others. 

9) The main consequences of inaccuracy in demand forecasting are 

considered to be unsatisfied customers and drop in sales, which will 
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have a negative impact on profits and on the image and reputation of the 

company. 

10) The most common issues encountered when forecasting demand are 

underestimating demand and not satisfying orders, innacurate prediction 

due to demand variability, and special events. The possible solutions to 

these issues suggested by the demand planning experts were, in the first 

case, spot buying at other wholesale markets when shortage occurs, and 

in the second case, the suggested solutions were customers having 

access to good systems in order to improve the efficiency of demand 

planning and avoid manual forecasting, also another more generic 

proposal was to make the supply chain more agile, robust and adaptable 

to changes. In the case of special events, the proposed solutions were to 

use the past/historical sales information to aid decision making, 

customers being able to predict demand more accurately, and to make 

adjustments to the forecast depending on the requirements of the 

specific customer and the characteristics and frequency of the event. 

11) The contingency plans implemented when underestimating demand 

are oriented to guarantee the satisfaction of the customers’ 

requirements, either by using the safety stock, spot buying or using help 

from logistic partners when required, among others. When demand is 

overestimated, the most popular measure is to apply a price reduction to 

clear excess inventory. The percentage of price reduction will depend on 

the amount of excess products in inventory that need to be shifted and 

their remaining shelf-life.  

12) Finally, the effect of changes in the number of customers is different 

depending of whether new customers come or old customers leave. In 

the case of new customers, the changes to demand forecast are in most 

cases not a major issue because it can be planned, but in other cases 

there are considerable unexpected changes to demand. It can be said 

that the effect in case of new customers depends on the availability of 

the product required by that new customer as well as the amount to be 

ordered. The severity of the effect will depend on whether the new orders 



Chapter 5: Analysis of the Results 
 

84 
  

can be satisfied with existing stock or not. In the case of leaving 

customers, the main effects are wasted products and cost of disposal. 

Nevertheless, the real effect will depend on whether the excess products 

can be used to satisfy other customers’ orders or if they need to be 

discarded.  
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Figure 5.19. Mind map of knowledge acquired through structured interviews (1/2) 
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Figure 5.20. Mind map of knowledge acquired through structured interviews (2/2) 
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5.5.3 Definition of Rules 

 

This section refers to the partial implementation of research step 7. As 

mentioned in Section 3.4, the next step in the development of the KBFDM after 

carrying out the knowledge acquisition process is the definition of useful rules 

based on the information, knowledge and facts gathered as a result of this 

process. These rules will later be used to create the inference engine that will 

provide users with the appropriate answers to their questions when interacting 

with the KBFDM. In terms of the definition of rules, the knowledge acquisition 

process has produced valuable information and facts about how demand 

planners forecast the demand of their products. However, the diversity of 

sources in terms of business type, company size and type of products handled 

by each of the companies that participated in the knowledge acquisition process 

generated information that is difficult to generalise. In addition to this, the 

amount of information gathered, although useful and large, is not considered to 

come from a significant sample of companies within the specific domain of this 

project. Therefore, further data collection through structured interviews targeting 

companies more closely related to the domain of this study would be required in 

order to generate more reliable and accurate rules, which can be generalised to 

most of the companies in the SMEs fresh and chilled produce wholesaler 

domain.   

 

Despite this, the information obtained from the case study of the wholesaler 

ZPL, through interviews and the use of the KET, generated business specific 

knowledge and information that can be used to define some rules that could be 

used to produce a KBFDM in a more narrow scale. Using the method of 

production rules and based on the information included in Section 5.5.1, the 

proposed rules are as follows: 

1) IF Amount ordered of product X >= Baseline stock of product X THEN 

Amount to purchase of product X = Amount ordered of product X – 

Baseline stock of product X. 
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2) IF Stock level of product X < Baseline stock for product X THEN Amount 

to purchase of product X = Baseline stock for product X - Stock level of 

product X. 

3) IF Day of the week == Friday AND Next Monday == Bank Holiday THEN 

Baseline stock = Baseline stock + (Baseline stock * 0.20).  

4) IF Day of the week == Saturday AND Next Monday == Bank Holiday 

THEN Baseline stock = Baseline stock + (Baseline stock * 0.30). 

5) IF School Holiday == True THEN Baseline stock of products traditionally 

ordered by schools (i.e. semi-skimmed milk, iceberg lettuce and fruits) = 

Baseline stock for this type of products – (Baseline stock * 0.10).  

6) IF Baseline stock of product X is not sold on a specific day AND Shelf-life 

of product X >= 2 days AND Product X is not deteriorated THEN include 

product X on customers’ orders OR ELSE Reduce price to clear excess 

inventory. 

7) IF New Customer == True AND Products ordered by new customer are 

in stock or available from current suppliers THEN satisfy orders using 

current stock/suppliers OR ELSE Find new suppliers. 

8) IF Leaving Customer == True AND Products ordered by leaving 

customer are popular THEN resale products (include in other customers’ 

orders) OR ELSE Dispose of products. 

9) IF Product X will be on short supply THEN stock-up on product X 

depending on shelf-life. 

10) IF Product X has quality issues, is unavailable or out of season THEN 

increase stock of substitute products. 

11) IF Amount ordered of product X by a regular customer is below or above 

average by approximately 20% THEN expect compensation orders within 

the next couple of orders from that customer. 

12) IF Day of the week == Monday OR Thursday THEN expect preparation 

orders for the week/weekend. 

The accuracy and completeness of the previous rules and the proposed 

percentages have been validated and agreed with the demand planner of ZPL 

(See Appendix 3).  
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5.6 Testing and Documentation 

 

This section corresponds to the research step 8, although it has not been 

covered during this research, it is proposed as future work in Chapter 8 for the 

completion of the development of the KBFDM. 
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CHAPTER 6. DISCUSSION 

 

6.1 Introduction 

 

This chapter will cover the evaluation of the results obtained through both the 

statistical data analysis and the KE approach, as well as the answer to the 

research questions originally formulated at the beginning of this research 

project. 

  

6.2 Statistical Data Analysis 

 

As mentioned in Section 5.3, the results obtained from the different statistical 

data analysis techniques implemented failed to identify significant correlations 

between the influential factors affecting demand and the demand of the 

products chosen for this study. Furthermore, the different numerical methods 

implemented to improve demand forecasting showed no significant 

improvement in the accuracy of prediction, which might have been due to the 

quality and quantity of historical data used for this analysis or the fact that due 

to the nature of the business and the variety of products which it includes, it is 

often affected by unexpected internal and external factors that are not well 

represented in the numbers, making them difficult to predict in an accurate 

manner.  

 

6.3 Knowledge Acquisition Process 

 

6.3.1 Structured Interviews 

 

The results obtained from the knowledge acquisition process carried out as part 

of the process to develop the KBFDM showed once again the high level of 

difficulty involved in externalising the tacit knowledge from the experts. It can be 

said that the structured interviews carried out with demand planner experts 

were beneficial for the purposes of this research in the sense that they allowed 

collecting valuable knowledge about demand forecasting and planning in the 

food industry. However, in terms of the development of the KBFDM, the 
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information collected was not focussed enough on the specific type of fresh and 

chilled food products that this reseach originally intended to cover.  This is 

considered to be one of the drawbacks when using multiple experts in a 

knowledge acquisition process (Hart, 1992). The reason for this was that the 

experts willing to participate in the structured interviews belonged to companies 

in the food industry, but somewhat outside the specific target sector that this 

research was aimed at. This exemplifies the complextity of the knowledge 

acquisition process itself and the challenging task of gathering the correct 

information required to generate useful rules for the development of a KBS. The 

limited availability of demand planning experts and in overall the challenge of 

targeting the right experts continues to be the biggest obstacle to achieving a 

good quality KBS.  

 

A knowledge acquisition process is time consuming whatever technique is used 

for knowledge elicitation, therefore it requires a considerable amount of 

commitment to the process and collaboration from all the parties involved in 

order to produce a useful system to its end users. 

6.3.2 Knowledge Engineering Tool 

 

The information gathered through the KET, specially developed by Supervisor 

Dr. Ross Clement for the purposes of this research, was useful to obtain greater 

insight regarding the most influential factors affecting the demand forecast of 

the wholesaler company used as case study. However, the quality of the 

information gathered was sometimes questionable, given that uploading the 

information about the reasons behind the differences between the actual orders 

and the demand prediction generated by the KET was a time consuming task, 

which understandably was sometimes rushed, therefore the level of detail of the 

information provided was often jeopardised. Consequently, the quality of the 

information gathered in terms of its usability to generate useful rules for the 

development of the KBFDM was not the most appropriate.  
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Taking this into consideration, it can be said that the KET was a valuable tool 

for the purposes of this research, but it required too much time from the demand 

planners to update the information in the system on a regular basis, requiring 

constant reminders and follow up emails in order to be able to keep the 

information up to date.  

 

As a possible way to improve this process, the possibility of having the 

knowledge engineer on-site working on uploading the required information in 

the system on a daily basis for a limited period of time could be explored. This 

would represent extra costs in terms of research resources, but it would be 

beneficial not only for updating the information in the system regularly and 

including the necessary level of detail, but also it could produce other sources of 

valuable tacit knowledge by carrying out direct observations of how the demand 

planners forecast the demand of their products and how specific situations or 

issues are dealt with, such as shortage or excess of a specific product, 

unsatisfied customers, product spoilage or waste, etc. 

 

6.4 Proposed Approach 

 

As an alternative to using either a numeric prediction method or a knowledge 

engineering approach to improve demand forecasting in isolation, a combined 

approach is proposed, where the most accurate non-linear numeric method is 

used to predict product demand and the rules generated from the tacit 

knowledge from the experts are also used to complement the quality of the 

information generated, in order to support in a more efficient manner the 

decision making process for demand management. 

 

6.5 Answer to Research Questions 

 

As a reminder, the research questions formulated at the start of this research 

project (Section 1.2) were:  

 



Chapter 6: Discussions 
 

94 
  

Firstly, how well do numerical prediction methods for demand forecasting 

perform under environments of large complexity? After carrying out several 

experiments using different numerical prediction methods which showed no 

improvement in the accuracy of prediction (See Section 5.3), it can be said that 

numerical prediction methods do not perform well under non-linear real-world 

problems of large complexity, especially when there are many internal and 

external influential factors affecting the accuracy of prediction, as it is the case 

of the domain of this project. This is because numerical methods are based on 

historical data, which in complex environments will present frequent 

fluctuations, therefore affecting the accuracy of demand forecast (See Sections 

5.3 and 6.2 for more details). 

 

Secondly, can knowledge acquisition help with demand forecasting in the 

refrigerated and shelf-life constrained supply chains? The answer to this 

question is not simple, given that it needs to be considered in terms of the 

advantages and disadvantages involved in the process to implement the 

proposed approach.  

 

On the one hand, the knowledge acquisition approach provided valuable insight 

form the experts regarding the demand forecasting process based on their 

experience and the tacit knowledge used for decision making. On the other 

hand, there are several drawbacks to the applicability and feasibility of the 

proposed methodology considering the amount of work and effort that it 

involves in order to obtain a useful framework to aid the decision making 

process. For instance, the extra costs and resources required to carry out the 

knowledge acquisition process, how time-consuming the process actually is, the 

limited availability of experts, and the difficulty to schedule meetings convenient 

to all parties to discuss or agree on specific topics about the framework, among 

others. However, it can be said that, despite the drawbacks, the benefits of 

achieving the goal of developing a KBF to aid the decision making process in 

terms of profits and customer satisfaction would outweigh the time and effort 

required to make it work. Nevertheless, the quality of the final KBF produced will 
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depend on the level of commitment and collaboration invested by all parties in 

the development process, as well as the effectiveness of the communication 

between them. 

 

6.6 Contribution to Knowledge 

 

The contribution of this research to the knowledge in the subject area can be 

briefly described as follows:  

1) It has been proved that a universal method to improve demand 

forecasting which provides the best solution in every situation does not 

exist, therefore, using a combination of methods is advised to aid 

producing more accurate predictions (See Sections 2.7.1 and 6.4). 

2) Non-linear numerical methods do not perform well under environments of 

large complexity as the one subject of study during this research (See 

Sections 2.7.1, 5.3 and 6.5). 

3) According to the results of the questionnaires, weather and seasonality 

are considered by demand planner experts as the most influential factors 

affecting demand in the FSCs, despite not finding significant correlation 

with the demand of the products studied during this research. 

4) The degree of difficulty of the knowledge acquisition process can be 

minimised through the use of questionnaires specially created for that 

purpose, which are a useful tool to aid externalising the tacit knowledge 

of the experts during structured interviews (See Sections 4.2.6.2.1 and 

4.2.6.2.2).  

5) Once the knowledge has been gathered, the challenge is on the hands of 

the knowledge engineer, who has to filter all the information gathered 

into relevant and irrelevant, in order to facilitate its representation. 

Creating Mind Maps is a good method to use, given that it allows 

representing all the relevant information in one place to facilitate its 

analysis (See Section 5.5.2) 

6) The rules defined from the knowledge gathered must be validated with 

the experts in order to check their accuracy and to check that no 
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important information has been left out. In the case of this research, this 

was done via email, resulting in the adjustment of the percentage 

included in one of the rules (See Appendix 3).  

7) Follow-up communications via telephone or email are vital to verify the 

validity of the information gathered through the knowledge acquisition 

process and to request clarification or further details if required (See 

Appendix 3, 5 and 6). This is also important when using a KET, in order 

to keep the information up-to-date to facilitate its analysis and to avoid 

unnecessary delays in the process. 

 

6.7 Novelty 

 

The novelty of this research is based mainly on two reasons. Firstly, KBS had 

not been implemented before to improve demand forecasting in the domain of 

SME wholesalers in the fresh and chilled FSCs (See Section 3.6 for more 

details). Secondly, the innovative combination of approaches implemented 

during this research, using a mixture of quantitative and qualitative methods, 

such as statistical data analysis techniques to identify the most influential 

factors affecting demand and to improve accuracy of prediction, a knowledge 

acquisition process to externalise the tacit knowledge of demand planning 

experts through structured interviews using a specially designed questionnaire, 

alongside the case study of SME fruit and vegetables wholesaler ZPL, which 

allowed the validation of most of the information collected by providing valuable 

feedback (See Sections 4.2.3 and 4.2.4, and Appendix 3, 5 and 6 for details).  

 

This is a research project that forms part of a larger project proposed by experts 

in the food industry with the purpose to find solutions to real-world problems 

faced by SME wholesalers in the FSCs when forecasting the demand of their 

products. 

 

The outcomes of this research project are envisaged to benefit wholesalers in 

the SME sector to improve demand forecasting, which in turn will help to reduce 

wastage and to maximise profits and the level of customers’ satisfaction. 
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6.8 Achievement of Objectives 

 

This research project has successfully achieved the objectives 1 to 4 as defined 

in section 1.4. Objective 5 has been partially fulfilled due to the need to expand 

the knowledge acquisition stage in order to gather more targeted knowledge 

from experts more closely related to the domain of this project. Objective 6 is 

proposed as part of the future work that can be derived from this study (See 

Chapter 8). 
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CHAPTER 7. CONCLUSIONS 

 

As it can be seen in the previous chapters, the statistical data analysis 

techniques implemented did not provide significant improvement to the 

accuracy of demand prediction given the complexity of the problem and the 

nature of the business. In contrast, the KE approach investigated helped to 

understand the problem better and provided direct insight from the demand 

planners experts regarding the specific issues and factors affecting the 

operations of their company at product and overall organisational level and 

specifically for demand forecasting, which are not evident through numerical 

analysis and prediction techniques. However, the knowledge acquisition 

process included in the KE approach proved to be a challenging task as many 

other researchers have highlighted in the past, especially when dealing with 

multiple experts. It can be said that maintaining open channels of 

communication with the experts is vital to ensure that the final framework is as 

accurate and reliable as possible.   

In terms of the objective of improving demand forecasting, it can be said that 

despite the drawbacks and difficulties previously mentioned, the KE approach, 

when achieved successfully, can generate significant competitive advantages in 

terms of profit and customer satisfaction, especially when users can continue 

updating the knowledge base. The benefits are based on the use of the expert 

knowledge to support the decision making process beyond the numerical 

predictions. 

The knowledge representation through the definition of rules was only partially 

achieved, due to the difficulty to generalise the knowledge obtained from the 

experts through the structured interviews due to the differences between their 

businesses (in terms of size, position in the FSC, and even type of service or 

products handled) and the target sector of this research. However, rules were 

defined at a business specific level using the information obtained from the on-

site interview with ZPL and through the KET, which can be used as a start point 

for the development of the inference engine of the KBFDM. 
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The characteristics of the fresh and chilled FSCs such as product variability, 

demand fluctuations, short shelf-life, ever changing customers’ requirements, 

among others, make the domain of this research project very complex and 

difficult to analyse, requiring many experiments using several methods and 

techniques in order to find the most appropriate one to improve demand 

forecasting of such important type of products. However, this market sector is 

significantly important for the UK economy and for the health of the population, 

therefore improving the accuracy of demand prediction of fresh and chilled 

produce will help to minimise loss of profits and most importantly waste and its 

negative effects on the environment and the future generations. 
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CHAPTER 8. RECOMMENDATIONS AND FUTURE WORK 

 

As a recommendation for future similar projects, it can be suggested that the 

definition and selection of the experts that will participate in the knowledge 

acquisition process needs to be specific to the domain of the project, so that the 

knowledge acquired is relevant and can be generalised among the participating 

companies in the development of a KBF.   

Further research work will focus on expanding the knowledge acquisition stage 

by carrying out more focussed structured interviews targeting the demand 

planners of companies within the specific domain of SMEs wholesalers of fresh 

and chilled products, in order to gather more useful knowledge and information 

to improve demand forecast that can be translated into relevant rules to be 

included in the KBFDM.  

Subsequently, work will continue to complete the development of the KBFDM, 

by coding its inference engine and designing and implementing the user 

interface necessary to allow end users to interact with the framework to obtain 

support in the decision making process. Following this, as mentioned in Section 

4.3, a testing and documentation stage is proposed which will aim to test the 

accuracy of the framework with the partners of the project. Further development 

and analysis work might be required depending on the results of this stage. This 

framework is envisaged to help the SME wholesalers by minimising waste and 

lost opportunity due to unsatisfied customers. 

Additional work will comprise the proposal of an action plan to implement lean 

principles on the operations of refrigerated and shelf-life constrained food 

supply chains. 
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APPENDIX 
 

Appendix 1: Questionnaire for Knowledge Acquisition about 

Demand Management 

 

Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

 

 

 

 

Questionnaire for Knowledge 

Acquisition about Demand Management 
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2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                               No    

If “Yes”, please specify: 

_____________________________________________________________ 

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

 

5) Do you consider your demand forecasting method is accurate? 

 

 

 

6) How 

accurate is your 

demand forecast for a selection of your products? 

Product Accuracy (%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       
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7) What level of flexibility does your demand forecast allow? 

 

 

 

8) How frequently do 

you have to make major changes to your demand forecast? 

 

 

 

9) How frequently do you have to 

make minor changes to your demand forecast? 

 

 

 

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day  

b. 1 Week 

c. 1 Month  

d. 1 year 

e. Other, please specify: 

 

 

 

 

 

11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence  

b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

e. Other, please specify: 

 

 

 

 

 

Regarding your demand management knowledge: 

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       
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12) What factors or variables affect your demand forecasting? 

a. Promotions 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

 

 

 

 

 

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 

 

1.  

2.  

3.  

4.  

5.  

6.  

7.  

8.  

9.  

10.  

 

 

14) What consequences does inaccuracy in demand forecasting have on your 

company? 

a. Unsatisfied customers 

b. Drop in sales 

c. Having to do last-minute changes to forecast 

d. Issues with suppliers 

e. Wasted products 
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f. Cost of disposal 

g. Other, please specify: 

 

 

 

 

 

 

 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events 

e. New customers 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders 

h. Other, please specify: 

 

 

 

 

 

 

 

 

16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

17) Do you have any contingency plans when your demand forecast is 

underestimated?  
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a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

 

18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory  

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

 

 

Thank you very much for participating! 
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Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  
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Appendix 2: Completed Questionnaires by Demand Planning 

Experts 

 

 

Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

 

 

 

 

 

Combined method which uses the information 

coming from the sales team, the promotions 

currently running, and last year sales as an 

indicator, among other factors. 

Questionnaire for Knowledge 

Acquisition about Demand Management 

Mondelez International 
Wednesday, 1/04/2015 
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2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                             No    

If “Yes”, please specify: No, for short-term (current financial year until 

December), but Yes for long-term (next year planning) which will involve 

statistical analysis. 

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

 

5) Do you consider your demand forecasting method is accurate? 

 

 

 

 

6) How 

accurate is your demand forecast for a selection of your products? 

Product Accuracy (%) 

 

To be provided at a later date. 

 

 

 

7) What level of flexibility does your demand forecast allow? 

 

 

 

Between 4 and 5. 

 

8) How frequently do you have to make major changes to your demand forecast? 

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

The operational forecast is based on the sales 

for individual accounts (customers). Insight of 

sales and distribution. No computer programs 

are used.  
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There is always something changing, 

mainly due to assumptions changing when dealing with promotions and 

internally due to supply constraints. Normally, there are always products on 

promotion. Feature is another factor that can change, which refers to i.e. 

location of a product in store, whether a promotion is run locally or nationally, 

etc.   

 

9) How frequently do you have to make minor changes to your demand forecast? 

 

 

Between 3 and 4. Minor changes referring 

to the base sales, excluding promotions, are sometimes made to keep up-to-

date with the market changes.  

 

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day 

b. 1 Week 

c. 1 Month 

d. 1 year 

e. Other, please specify: 

 

 

 

 

 

 

11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence 

b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

e. Other, please specify: 

 

 

 

Regarding your demand management knowledge: 

12) What factors or variables affect your demand forecasting? 

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       

Well stablished long-term buying relationships. 

In theory 2 years, more realistically 18 months. Its 
purpose is to identify capacity planning and new 
requirements like new shifts in the factory, additional 
lines required, etc. 
They also carry out a weekly forecast which is more 
detailed and aims to identify any changes required. It 
takes place until the end of the financial year. 
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a. Promotions 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

 

 

Their waste is estimated to be approximately 1% or less (tight control). They 

aim to clear it through different customers, taking action before disposing of 

products. 

 

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 

 

1. Promotions / Order changes 

2. New / leaving customers (depending on 

size) 

3. Weather / holidays 

4. Price changes / Shelf-life of products 

5. The rest of factors mentioned above.  

6. 

7. 

8. 

9. 

10. 

 

 

 

14) What consequences does inaccuracy in demand forecasting have on your 

company? 

a. Unsatisfied customers 

b. Drop in sales 

c. Having to do last-minute changes to forecast 

d. Issues with suppliers 

 



 

124 
  

e. Wasted products 

f. Cost of disposal 

g. Other, please specify: 

 

 

 

 

 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events 

e. New customers 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders 

h. Other, please specify: 

 

 

 

 

 

 

 

16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

 Overestimating demand and 

generating waste 

 Underestimating demand and not 

satisfying customers’ orders 

 

 

 

 

 

 

 

 

 

 

 

 

Customers not changing their mind, 

which is very difficult to achieve. 

Their company is immersed in a 

very competitive market, which is 

highly affected by promotional 

strategies that use assumptions that 

can change frequently.  

 

17) Do you have any contingency plans when your demand forecast is 

underestimated?  
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a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

 

18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory  

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

 

 

 

Thank you very much for participating! 

Stretch manufacturing to satisfy customers’ 

orders. 

 

They try to absorb the effect of leaving customers 

with other customers, unless the amount of 

products is too big to be reabsorbed, then, waste is 

unavoidable.  

Not often they get new customers. The changes on 

demand are more related to the introduction of new 

products, which requires adjustments on 

performance. Knowledge about new products is 

obtained through benchmarking similar products. 
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Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  

Other notes from further questions: 

- Resale is possible in some cases to avoid waste, but not for short shelf-life 

products. 

- Promotions run the business. 

- Demand sensing: knowledge about promotions. 

- It would be difficult for a model to follow what is happening in the trade. 

- Central planning for promotions in terms of frequency and timing (highly 

policed). 

- Flexibility for promotions: possibly funded by the companies themselves, but 

they have limits in place about how far they can go. 

- Cost-benefit analysis of promotions? There is a dedicated team for this 

purpose. 

- Customers have slots available for promotions. 

- Reactions from failed promotions? Targets pressure dependence. 

- Chilled products, not frozen. 

- Factories rarely in the UK. 

- Difference in methods for demand forecasting for chilled products with a short 

shelf-life? They use the POS information from their customers to gather 

information about the performance of products. They do not hold stock for 

chilled products, they go straight to the customer (what comes in, goes out), 

which makes it more predictable.    
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Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

 

 

 

 

 

 

 

 

Their demand forecasting is based on a mixture 

of methods, which includes last year sales and 

average sales. From the market perspective, they 

use customers’ intelligence information, which 

affects volumes (i.e. road network issues can 

affect their forecast and extension plans increase 

volumes). Their demand forecast starts with a 

plan and it is often adjusted to adapt to changes. 

Constant review required.  

Questionnaire for Knowledge 

Acquisition about Demand Management 

Trading and Distribution Ltd. 

Tuesday, 28/04/2015 
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2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

 

 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                               No    

If “Yes”, please specify: Not specifically, they use information from other 

management systems to aid their demand forecasting, but not specialised 

computer programs for this purpose. Some of their customers do use them, 

which in turn informs their demand forecast. Their logistics is based on a 

reactive approach.   

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

Not a disaster every day, but it could be better. 

 

5) Do you consider your demand forecasting method is accurate? 

 

 

 

No, because some 

of their customers 

are consistent but others aren’t. 

 

6) How accurate is your demand forecast for a selection of your products? 

Product Customer Accuracy (%) 

 

1- McDonalds 

 

2- Spar 

 

 

3- Jack Frost 

 

 

1- 80% (Good forecasting to 

maximise capacity and profits) 

2- 50% (Difficult to obtain 

information from them, which 

is often late or inaccurate)  

3- 90% (Frozen products – good 

management) 

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

Their demand forecast is based on data already 

held, including previous volumes and their 

knowledge about the local market sector. Good 

relationships with suppliers and customers and 

knowing their market are key elements for their 

demand forecast. 
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4- Agrimark (wholesaler of chilled 

and frozen products) 

5- Robinsons (largest fruit and 

vegetables wholesaler that they 

deal with) 

 

 

4- 90% 

 

5- 100% (They do all the 

planning) 

 

7) What level of flexibility does your demand forecast allow? 

 

 

It has to be very 

flexible. 

 

8) How frequently do you have to make major changes to your demand forecast? 

 

 

Not every day, every other day there is a 

key change. Major changes would be, for 

example, when collections need to be re-planned or the number of trailers 

needs to be adjusted to satisfy orders. 

 

9) How frequently do you have to make minor changes to your demand forecast? 

 

 

 Between 1 and 2, minor changes 

would be those that they can 

accommodate without affecting costs, not requiring additional vehicles, which 

represent mainly administrative tasks.  

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day 

b. 1 Week 

c. 1 Month 

d. 1 year 

e. Other, please specify: 

 

 

 

 

 

 

 

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       

All of the above mentioned in some way, which is 

influenced by factors such as: different customers 

having different demand, new/lost business, some 

customers plan well ahead, some weekly and 

others daily (i.e. Agrimark – they have limited 

storage space and a reactive logistics approach). 

T&D Ltd normally offers next day delivery anyway. 
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11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence 

b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

e. Other, please specify: 

 

 

Regarding your demand management knowledge: 

12) What factors or variables affect your demand forecasting? 

a. Promotions 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 

 

1. Seasonality 

2. Promotions 

3. Price changes 

4. Shelf-life of products 

5. Order changes 

6. New/leaving customers (planned) 

7. Holidays 

8. Weather 

9. 

10. 

Regarding the weather – decisions are made based on the level of traffic 

(approximately 2 hours before sail) 

All of the above key factors have an impact through 

the trade. However, seasonality, promotions and 

price changes are considered to be the most 

influential. 

Each supplier is different; some are good and others 

bad. Relationship with suppliers is very important. 

Different levels of confidence depending on supplier. 

There have been cases when suppliers have been 

so problematics that they have had to stop dealing 

with them. 
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14) What consequences does inaccuracy in demand forecasting have on your 

company? 

h. Unsatisfied customers 

i. Drop in sales 

j. Having to do last-minute changes to forecast 

k. Issues with suppliers 

l. Wasted products 

m. Cost of disposal 

n. Other, please specify: 

 

 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events 

e. New customers   - requires transport planning 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders 

h. Other, please specify: 

 

 

 

 

Those are the biggest issues. One week is not always the same as the previous 

one when working with historic data. 

 

 

16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

 

a and g – Innacurate prediction due to 

variability in demand and 

Underestimating demand and not 

satisfying customers’ orders 

 

 

e – New customers 

 

 

 

d – Special events 

 

 

 

Customers having access to good 

systems, improving their planning and 

avoiding manual forecasting. 

Customers adapting to demand in a 

more efficient way. 

 

Improving internal communications, 

information about expected volumes 

and gathering feedback. 

 

They happen every year, can be 

planned. Customers being able to 

predict their demand volume more 

 

All of the above can be possible consequences.  
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accurately. 

 

 

17) Do you have any contingency plans when your demand forecast is 

underestimated?  

a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

 

 

18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory  

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

Logistics partners can help with collecting goods, 

hiring extra equipment or providing extra labour for 

peak periods. 

Their contingency measures consist of re-planning 

and consolidation of plans. They rarely over estimate 

volumes, because of their reactive logistics 

approach. Sometimes they might need to review the 

consolidation of trailers, i.e. dropping one and using 

the others. Using alternative options might have an 

impact on their profits.   

In general terms, it depends on the customer that 

they have lost. If they have bespoke equipment for 

them, it might take a while to be resold. This 

situation impacts on profitability.  

Team morale is also affected when losing 

customers, which affects productivity. 

On an emergency basis, they are well aware of 

expectations, which can be included into their 

planning. New customers do not represent a major 

issue. They normally target customers and they are 

currently planning the growth of their new business 

by 10%. 
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Thank you very much for participating! 

Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  

 

 

 

Further comments: 

- The main factors affecting the efficiency of their demand forecasting are: 

suppliers, timing of deliveries and road works. They need to stay flexible in 

order to adjust to possible changes.  

- When the ferries do not go everything gets delayed and their business is 

seriously affected, for example, sometimes they have had to put products in 

freezers until the ferries service gets back to normal. 

- Spar case: Trade and Distribution Ltd. provide stock replenishment, collecting 

stock from the UK and delivering it to the Spar stores in the Isle of Man. The 

overall volume is 48 pallets per week delivered in 3 loads (3 times per week). 

They have a very complex relationship with the Spar, because of the frequent 

changes that they need to make due to unavailability of accurate information 

about the volumes required, which should be provided the day before a delivery 

is expected. They often need to have multiple conversations to try to agree on 

the amount to be delivered (reactive approach), which in turn has a knock on 

effect on profits when too much stock is sent to this customer, taking up space 

in the trailers that could have been used more efficiently to satisfy other 

customers’ orders.    

- One customer can affect others. 

- They do not have a lot of waste, because from their point of view that is the 

customers’ problem. 

- Information about orders from Spar was requested in order to be analysed.  

- Possible contact with Spar was suggested in order to participate in the data 

collection process for this research project. Date and time of possible interview 

to be agreed.  
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Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

Based on demand history, to which they apply a number of techniques, being 

exponential smoothing the most popular. 

 

 

 

Questionnaire for Knowledge 

Acquisition about Demand Management 

I3ML 
Thursday, 21/05/2015  
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2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                            No    

If “Yes”, please specify: AMIS DELTA software (own product) and IBM DIOS 

which analyses forecast stability by examining 6-8 forecasting techniques, 

comparing the errors and selecting the one with the best performance. Two 

threshold values are used to decide whether a product is likely to forecast or 

not.  

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

This is based on the use of the combined method. 

 

5) Do you consider your demand forecasting method is accurate? 

 

 

 

 

6) How 

accurate is your demand forecast for a selection of your products?  

Product Accuracy (%) 

 

N/A 

 

 

 

 

 

 

N/A 

 

7) What level of flexibility does your demand forecast allow? 

  

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

Clients’ experience is used alongside specialist 

computer systems as a combined method. 

 



 

136 
  

 

 

Flexibility refers to 

how accurate the 

demand forecast has to be to not cause a problem, and also the ability to 

respond to changes. The chances of getting an accurate forecast are very low, 

which leads to working around a safety stock.  

 

8) How frequently do you have to make major changes to your demand forecast? 

 

 

 

Driven by weather (i.e. a strong forecast for 

May predicting high demand might be affected by poor weather conditions 

which would reduce demand by up to 50%). This is the case for seasonal 

products, i.e. demand of garden watering equipment will be affected by a rainy 

weather prediction. Major changes represent a variation of ±30-40% on the 

forecast. 

 

Forecast is adjusted every month and major changes normally take place mid-

month (approx. every 15 days). 

  

9) How frequently do you have to make minor changes to your demand forecast? 

 

 

Minor changes occur on a weekly basis 

and represent a variation of ±10% on the forecast.    

 

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day 

b. 1 Week 

c. 1 Month 

d. 1 year 

e. Other, please specify: 

 

 

 

 

Generally one month, but depends on the client: i.e. fast moving consumer 

goods – one month, retail – one week. 

 

11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence 

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       
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b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

e. Other, please specify: 

 

 

The relationship with suppliers should be evaluated in terms of the length of the 

supply chain, which will affect the lead time required to source products in order 

to satisfy orders.  For example, if retail products are sourced locally, then the 

supply chain will be more responsive to changes than if a company depends on 

a supplier located in the Far East (longer and less responsive supply chain), in 

this case, the confidence level will be affected by the length of the lead time and 

how good this supplier actually is.  

 

Regarding your demand management knowledge: 

12) What factors or variables affect your demand forecasting? 

a. Promotions 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes -  Supermarkets and big retailers normally have a high 

number of order changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

 

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 
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1. Seasonality 

2. Weather 

3. Order Changes 

4. Promotions 

5. Price changes 

6. Shelf-life of products 

7. 

8. 

9. 

10. 

 

14) What consequences does inaccuracy in demand forecasting have on your 

company? 

a. Unsatisfied customers 

b. Drop in sales 

c. Having to do last-minute changes to forecast 

d. Issues with suppliers 

e. Wasted products 

f. Cost of disposal 

g. Other, please specify: 

 

 

 

Drop in sales, which results in lost sales and unsatisfied customers. 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events 

e. New customers 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders 

h. Other, please specify: 

 

 

Their clients normally have sophisticated systems and very good forecasting 

tools, which allows them to track information about demand. However, due to 

the nature of their business, the market is still very unpredictable, mainly 

because of the influence of external factors like the weather. For example, 

strawberries sales are highly affected by weather conditions, i.e. strawberries 

sales will increase when it is sunny.   
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16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

 

Inaccurate prediction due to variability 

in demand. You never solve critical 

factors of forecasting through 

algorithms, i.e. availability, weather, 

etc.  

 

The weather plays a key role in the 

retail market of chilled products. 

Businesses are normally very good at 

predicting weather conditions overall, 

but this is more difficult to achieve 

region by region.  In this case, 

contingency plans are implemented to 

be able to respond to sudden changes 

in the forecast.  

 

 

 

 

This can be resolved by looking at the 

supply chain to make it more agile and 

robust, being able to respond to 

changes and making the business 

more adaptable and responsive. 

 

Comparing the money invested by 

companies in accurate weather 

forecasting with the costs of holding 

more products in stock to be able to 

adapt to changes in demand, and 

making decision accordingly.  

 

 

17) Do you have any contingency plans when your demand forecast is 

underestimated?  

a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Safety stock is held in case of emergencies, which 

is driven by the forecast variations. Depending on 

the product shelf life, the safety stock can be of 20-

30% extra. Therefore, the problem becomes optimal 

safety stock rather than accurate forecast. 

Depending on the financial impact of a product, 

planners might act differently to define the safety 

stock level to maintain. In the case of particular 

products that are not easily predictable, planners 

pay more attention to those that are more volatile 

and valuable, carrying out micro-management on a 

day to day basis, rather than relying on computer 

systems. This is where the knowledge of the 

demand planners plays an important role in the 

decision making process. The control of less volatile 

and valuable stock can be performed through 

algorithm automated systems.  
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18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory  

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

 

 

 

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

c. None 

d. Other, please specify: 

 

 

 

 

 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

 

 

It also depends on the size of the customer that is leaving, i.e. loosing 

Morrisons as a customer will generate large amounts of waste and high costs of 

When making decisions about excess stock, 

planners take into account the demand volatility of a 

product. They normally hold extra stock of products 

that they can sell in the future, i.e. can manufacturers 

respond to demand by building up stock 

(overstocking) regular cans, so that their production 

can be stopped in order to produce tomato cans, 

which require a special coating, whenever required. 

In this case, the decision making process is affected 

by the demand behaviour of the whole product range. 

 

It depends on what the new customer will buy and 

their company size, which will determine the 

significance of their effect on the demand forecast. 

For instance, if the new customer is a big retailer, 

then their effect will have great significance. In the 

case of a small customer, like a convenience store or 

small size supermarket, their impact on the demand 

forecast will not be substantial. 
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disposal, but if they lose half a dozen small customers, then their effect on the 

demand forecast will not be significant. 

Thank you very much for participating! 

Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  
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Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

 

 

 

 

 

 

 

 

They have targets for stock levels per products, 

based on seasons, pricing and others factors, 

which they maintain and adjust depending on 

demand. For example, if the target for 

mushrooms is 200 boxes and they have 150 in 

stock, they buy 50 to make up the difference 

and get to their target.  

They have pre-formatted forms per buyer that 

they use as a general guide in case someone 

else needs to take over the job. 

Questionnaire for Knowledge 

Acquisition about Demand Management 

Zest Produce 
Monday, 01/06/2015 



 

143 
  

2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                               No    

If “Yes”, please specify: 

_____________________________________________________________ 

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

It takes more time than it should. 

 

5) Do you consider your demand forecasting method is accurate? 

 

 

 

Sometimes they get 

it right, but 

sometimes they get it wrong. It is not perfect, but it gets them by. It is based on 

experience and not on a magic formula. 

 

6) How accurate is your demand forecast for a selection of your products? 

Product Accuracy (%) 

 

Stilton (2Kg) 

 

Mint/Basil (Packet) 

 

Pre-packed Fine Beans (Box) 

 

Wild Mushroom (Box) 

 

Peashoots (Box) 

 

 

50% 

 

75% 

 

60% 

 

60% 

 

75% 

 

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       
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Asparagus (Bunch) 

 

50% 

The demand prediction for these products tends to work, because they are easy to 

predict. Asparagus and Stilton are seasonal products, which don’t expire quickly 

(they have up to a week for selling this type of products). Special events tend to 

affect these numbers. 

7) What level of flexibility does your demand forecast allow? 

 

 

 

There is potential to 

be very flexible, but the targets are fixed (depending on what the customers are 

asking for). 

 

8) How frequently do you have to make major changes to your demand forecast? 

 

 

 

This does not happen very frequently, 

unless products go out of season, i.e. from 600 items, they would normally have 

about half a dozen changes per month. From end of March to end of June, 

there are normally more changes, due to end of season. 

 

9) How frequently do you have to make minor changes to your demand forecast? 

 

 

These minor changes are normally related 

to adjustments to achieve targets. 

 

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day 

b. 1 Week 

c. 1 Month 

d. 1 year 

e. Other, please specify: 

 

 

 

 

Generally 1 day, unless they know that a specific product will be short of supply, 

in which case they would plan ahead to stock up if they can, depending on the 

shelf life of the product. 

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       
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11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence 

b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

a. Other, please specify: 

 

 

Because of the nature of fresh produce, supply is not always certain, even if 

guarantees are provided. For example: one time they ordered strawberries from 

a supplier who did not show up, which meant that they had to buy them from 

another wholesaler at a higher price. 

How often does this happen?   Normally, every other day. 

 

Regarding your demand management knowledge: 

12) What factors or variables affect your demand forecasting? 

a. Promotions                    Only if they need to shift products, i.e. if they bought 

too much. 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 

 

1. Day of the week – Targets vary from day to day. 

2. Cost of produce – Suppliers email price lists, from which they choose on a 

daily basis, depending on price and quality (subject to negotiation).  

3. Previous day waste – They would probably reduce it down to try to sell it. 

4. Weather - They tend to buy more of the popular products depending on the 

weather, i.e. on hot weather they would buy more strawberries and less milk.  
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5. Public Holidays – Sometimes they get it wrong, depending on if people go 

out to restaurants or decide to stay at home. 

6. Seasonality 

7. Availability – buy extra if short supply 

8. New customers / losing customers 

9. TV programs / cooking shows – Menu choices of chefs might be affected by 

what they saw on TV the night before and order specific products with short 

notice, in which case Zest might have to search for new suppliers, if the current 

ones do not stock what the chefs require.  

10. 

 

14) What consequences does inaccuracy in demand forecasting have on your 

company? 

a. Unsatisfied customers 

b. Drop in sales 

c. Having to do last-minute changes to forecast 

d. Issues with suppliers 

e. Wasted products 

f. Cost of disposal 

g. Other, please specify: 

 

 

 

 

The main goal is to keep the customers happy. 

 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events 

e. New customers 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders            

Most common issue. Due to the time limit that they have to satisfy orders, 

not having enough is a major problem. 

h. Other, please specify: 

 

 

 

 

16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

  

Over-paying due to buying products ahead or 

between seasons, and then prices dropping. This 

does not happen very often, because they normally 

buy just enough to satisfy orders.  
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1. Special event 

 

2. New customers 

 

 

3. Overestimating demand and 

generating waste 

 

4. Underestimating demand and not 

satisfying customers’ orders 

 

 

 

1. Use past /historical sales 

information 

 

2. Sales managers speak to 

customers to estimate likely 

demand 

 

3. Try to sell stock quickly with 

special offer prices 

 

4. “Spot buying” at other 

markets to cover shortfall 

17) Do you have any contingency plans when your demand forecast is 

underestimated?  

a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

How often does this happen?  Most days, they predefine where to go the 

day before, and they send a text with the amount required to that person. 

They tend to pay more for products this way, but they normally buy only 

what they need for the day. 

 

18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory            to another wholesaler 

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

How much residual shelf life is required to be able to sell products? Minimum 2 

days remaining on the expiry date. They dispose products when they start 

deteriorating when no expiry date is displayed.  

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

“Spot buying” at other wholesale markets. They 

have someone who goes to Nottingham, Leicester 

or Birmingham to buy shortfalls, if possible.  

 

 



 

148 
  

c. None 

d. Other, please specify: 

 

 

Normally the demand from new customers can be estimated, so this does not 

have a major effect. They might have to find new suppliers depending on the 

products requested (if not available from current suppliers). 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

This depends on the products that the leaving customers buy, often resale is 

possible unless they were rare or not very popular products, in which case they 

would dispose of the wasted products. 

 

Thank you very much for participating! 

Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  
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Project Title:  

Development of a knowledge-based system for demand management for refrigerated 

and shelf-life constrained food supply chains. 

Aim of the Project: 

The aim of this research project is to develop a knowledge-based system for demand 

management for refrigerated and shelf-life constrained food supply chains using lean 

principles, to aid the decision making process. 

Knowledge acquisition: 

In order to create the proposed knowledge-based system, a detailed analysis must be 

carried out. This analysis includes gathering relevant demand management information 

and knowledge from the demand planning personnel of the food supply chains subject 

of study. Your collaboration will be highly appreciated in order to gather this 

information. Completing this form should take around 10 minutes. 

 

Please select the option which you consider that better describes your 

experience for each of the following questions: 

Regarding your current demand forecasting practice: 

1) What method do you use for demand forecasting? 

a. Last year sales 

b. Average sales 

c. Regression analysis 

d. None 

e. Other, please specify: 

 

 

 

 

 

 

 

 

 

Their method is a combination of options a and b. 

They use the sales from the last 13 weeks, add 

them together, calculate the average, find the 

closest one to the average and use that amount as 

an estimate for stock levels to maintain. 

Questionnaire for Knowledge 

Acquisition about Demand Management 

Probably a Pub Company Ltd. 
Monday, 06/07/2015  
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2) What is your method of demand forecasting based on? 

a. Experience 

b. Specialist computer system 

c. Other, please specify:  

 

 

Their forecasting method was passed on as part of a training exercise 

system. It has been in used for approximately 16 years. 

 

 

3) Do you use any form of computer program to aid demand forecasting?  

Yes                               No    

If “Yes”, please specify: 

_____________________________________________________________ 

They only use Excel spreadsheets. They tried to develop a specialist system, 

but it did not get implemented, because it turned out to be more difficult than 

expected. 

 

4) Do you consider that your demand forecasting method is efficient? 

 

 

There are times when changes are needed, i.e. special events or bank 

holidays, in these cases they use last year sales as a reference and the 

increase is normally around 10%. 

  

5) Do you consider your demand forecasting method is accurate? 

 

 

 

Generally works 

well, but sometimes 

changes are needed, normally weather related. Stock levels are checked on 

Sundays and orders are adjusted if there is too much stock of specific products. 

 

6) How accurate is your demand forecast for a selection of your products? 

Product Accuracy (%) 

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       

 

Strongly 

disagree 

1 2 3 4 5 6  

Strongly agree       
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1) Lettuce, milk and cream 

 

2) Tomato and cucumber (there 

are measures in place to reduce 

wastage or increase the shelf-

life of these type of products, 

like refrigerating or cooking 

them to make them last longer) 

 

 

85 – 90% 

 

95% 

7) What level of flexibility does your demand forecast allow? 

 

 

When the person 

responsible of 

demand forecasting is away on holiday, the orders can be placed by someone 

else, given that they are already set up depending on the day (weekday or 

weekend), because their stock levels are already stablished. 

 

8) How frequently do you have to make major changes to your demand forecast? 

 

 

 

These normally refer to special events that 

happen every year, which affect the ordering process, but can be planned. 

9) How frequently do you have to make minor changes to your demand forecast? 

 

 

This type of changes refer to events like 

weddings (i.e. when the customers require products or special dishes that they 

do not normally prepare, in this case they would have to contact their suppliers 

to make it possible). 

  

10) What is the horizon (period of time) of your demand forecast? 

a. 1 Day – when changes are required 

b. 1 Week 

c. 1 Month – for planning (adjusted depending on demand) 

d. 1 year 

e. Other, please specify: 

 

 

 

 

No flexibility 

1 2 3 4 5 6  

Very flexible       

 

Always 

1 2 3 4 5 6  

Never       

 

Always 

1 2 3 4 5 6  

Never       
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11) How does the relationship with your suppliers affect your demand forecast? 

a. Provides confidence – Zest is flexible 

b. High level of trust 

c. Provides uncertainty 

d. No trust at all 

e. Other, please specify: 

5 days’ notice required during Christmas period. 

 

Regarding your demand management knowledge: 

12) What factors or variables affect your demand forecasting? 

a. Promotions 

b. Seasonality  

c. Holidays 

d. Price changes 

e. Shelf-life of products 

f. Weather 

g. Orders changes 

h. New customers 

i. Leaving customers 

j. Other, please specify:  

 

 

 

13) List the factors that affect your demand forecasting in order of importance (1= 

the most important):  

Factors 

 

1. Past sales 

2. Functions like weddings 

3. Shelf-life 

4. Seasonality (closely related to weather) 

5. Weather – i.e. can’t get to work, hot days, etc. 

6. Experience 

7. Staff holidays (they make it easy for people 

taking over – lists provided) 

8. Price changes (contracts are normally fixed and 

revised yearly) 

9. Promotions 

10. New/leaving customers – request feedback 

from customers 
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11. Staff skill levels also affect demand forecasting 

 

14) What consequences does inaccuracy in demand forecasting have on your 

company? 

a. Unsatisfied customers – They might not come back 

b. Drop in sales 

c. Having to do last-minute changes to forecast - One-off events cannot be 

predicted. 

d. Issues with suppliers 

e. Wasted products 

f. Cost of disposal – i.e. Vegetable oil after 3 days of use needs to be 

discarded in a proper way. There is a hole under the fryer, which they use to 

put the oil in buckets. The buckets are placed outside and someone comes 

to pick them up and adequately dispose of them. The cost of disposal is 

currently £0.20 per litre. The oil needs to be frequently changed in order to 

preserve its quality and to use up the available stock. Chip oil normally lasts 

longer than oil used for frying other types of food. 

g. Other, please specify: 

 

 

 

15) What are the most common issues that you face when forecasting demand? 

a. Inaccurate prediction due to variability in demand 

b. Lack of accurate historic sales information 

c. Use of information not up-to-date 

d. Special events – function rooms 

e. New customers 

f. Overestimating demand and generating waste 

g. Underestimating demand and not satisfying customers’ orders 

h. Other, please specify: 

 

 

16) What would you suggest as the possible solutions to these issues?  

Issue Possible Solution 

 

Special events (function rooms) 

 

 

 

 

 

 

 

 

 

The solution would depend on each 

customer. When trying to satisfy the 

customers’ needs, changes need to be 

made. 
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17) Do you have any contingency plans when your demand forecast is 

underestimated?  

a. Last-minute purchases 

b. Offering customers discounts on future orders 

c. None 

d. Other, please specify: 

 

 

 

 

Local supermarkets are used to buy the products required, although at 

higher costs, and risking profits. Good relationships with suppliers are very 

important. They use their designated suppliers when possible. 

 

18) Do you have any contingency plans when your demand forecast is 

overestimated?  

a. Price reduction to clear excess inventory – i.e. Use promotions such as 

BOGOF  

b. Dispose wasted products 

c. None 

d. Other, please specify: 

 

 

 

 

 

19) What effect do new customers have on your demand forecasting? 

a. Unexpected changes to demand 

b. Having to find new suppliers to satisfy demand 

c. None 

d. Other, please specify: 

 

Changes are made to satisfy special requirements from the customers, to keep 

them happy. They value their customers’ feedback. 

 

20) What effect do leaving customers have on your demand forecasting? 

a. Wasted products 

b. Cost of resale 

c. Cost of disposal 

d. None 

e. Other, please specify: 

 

Create special dishes to use up the products in 

excess (adding them to current dishes or creating 

new ones). Staff meals can be prepared this way, 

so that they can get something from selling the 

dishes, although it might not be the full price. 

Job loses, although this does not happen often. For 

example, if they have 3 chefs and the number of 

customers drops, they would decide whether to let 

one chef go or reduce the hours of all chefs.  

Unused products represent money that could have 

been spent elsewhere. 
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Thank you very much for participating! 

Your collaboration is highly appreciated and will be very useful for the development of 

this research project.  

 

 

Appendix 3: Feedback from ZPL demand planner about rules to aid 

demand forecasting  

 
Feedback request about rules to aid demand forecasting 
 
Marilú García-Taylor  1 June 2016 at 17:40 
To: "Matt Gummer, Zest Produce", Ashley Hopwell  
Cc: Parminder Kang, Ross Clement  

Dear Matthew and Ashley, 
 
I hope that you are both well. I am currently in the final stages of writing my MPhil Thesis in 
which I have identified several rules to aid demand forecasting based on the knowledge that 
has been gathered through interviews with you, the use of the knowledge engineering tool 
and the questionnaire about demand management.  
 
I would like you to please read the rules in the attached document and give me some 
feedback regarding their accuracy and completeness, and also please let me know if there 
is any missing information that you consider important to be included. 
 
Thank you for your time and I hope to hear from you soon. 
 
 
Kind regards, 
 
Marilú García-Taylor 
 
 
Matt Gummer, Zest Produce  9 June 2016 at 09:19 
To: Marilú García-Taylor  

Good morning Marilu. 
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I’ve had a look through your forecasting rules, and they all look 
good.  The only one I might consider amending would be rule 3.  The 
20% increase in baseline stock would be OK for the Friday, but the 
baseline stock might be greater on a Saturday, possibly up to 40% 
greater for some products, but that would only be on certain products.  It 
wouldn’t catastrophic if baseline was only increased by 20% across the 
board on both days. 
  
Good luck with your thesis. 
  
Regards 
  
Matt 
Zest Produce Ltd 
 
 
Marilú García-Taylor  9 June 2016 at 13:05 
To: "Matt Gummer, Zest Produce"  

Hi Matthew, 
 
Thank you for your feedback. I really appreciate it. I am glad that you are happy 
with the rules that I have identified. In the case of rule 3, do you think that it would 
be better if I split it into two rules? one for Friday increasing the baseline stock by 
20% and another one for Saturday with an increase of 30%? 
 
Thank you for your time and I hope to hear from you soon. 
 
Kind regards, 
 
Marilú García-Taylor 
 
Matt Gummer, Zest Produce  13 June 2016 at 07:54 
To: Marilú García-Taylor  

Good morning Marilu. 
  
Yes I think that will be a good idea, with 20% on the Friday and 
30% on the Saturday. 
  
Many thanks 
  
Matt 

 Zest Produce Ltd 
 
Marilú García-Taylor  13 June 2016 at 10:10 

To: "Matt Gummer, Zest Produce"  
Cc: Parminder Kang  
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Good morning Matthew, 
 
Thank you for your feedback. I will take it into account and change the rule 
accordingly. 
 
Thank you for your time. 
 
Kind regards, 
 
Marilú García-Taylor 

  

  

  

  

  

 

 

 

 

Appendix 4: Notes from the on-site meeting with ZPL 

 

Minute #4: Meeting with Matthew Gummer (Zest Produce Director) and Dr. Parminder 

Kang 

Date: 30th March 2015 

Location: Zest Produce, 

   Fruit and vegetables wholesale market,  

   Chequers Road, 

   Derby, 

   Derbyshire, 

   DE21 6WT 

Time: 10:30am – 12:30pm 

 

Notes from the meeting: 

- On busy periods, Zest builds up stock beforehand, if it doesn’t materialise then, 

they don’t buy as much. 

- Chefs often over-buy or under-buy due to lack of experience. For example, 

when they order too much milk, then they don’t order as much the next time. 

Preparation time is a factor that influences the type of products that chefs buy.  

(Hard to predict) 

- Milk:  
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Date Predicted Actual Orders 

Saturday, 28th March 

2015 

319 371 

Monday, 30th March 

2015 

184 172 

o High demand on Saturday, 28th March 2015. It was a busy day. The 

reasons given for the high demand were: weather prediction not 

favourable, people tend to stay indoors and visit coffee shops and 

restaurants. Derby Garden Center was mentioned.  

o Low demand on Monday, 30th March 2015, possibly due to school 

holidays. 

- Zest Produce tends to maintain a baseline stock level for their products. For 

example, for milk they keep around 300 units during weekdays and between 

400-450 units during Friday and Saturday to adjust to the higher weekend 

demand. They order milk on a daily basis anyway if they need more stock to 

satisfy orders. 

- If the baseline stock is not sold on the day, it can be sold on the following days, 

in the case of products that have a few days left of shelf-life. 

- The baseline stock is not a fixed amount or percentage. It is based on 

experience. For example, they will use the amount of a product that they have 

ordered from a specific supplier in the past and use that amount as a baseline 

and adjust it as required.  

- Zest Produce will work Friday and Saturday during Eastern Holidays and will be 

closed on Sunday, Monday and Tuesday. Their customers normally stock up on 

Friday and Saturday, to have enough products to sell when Zest Produce is not 

open. 

- The purpose of the knowledge-based system to be developed should be to 

provide an indication of the most appropriate baseline stock levels to be 

maintained and to identify trends over a period of time (Suggested by Matthew 

Gummer). 

- Some products can be substituted by other similar products. 

- When their baseline stock level does not cover the demand, they buy from other 

wholesalers (market). 

- On busy periods, they tend to increase their stock level between 10-20%, if they 

sell out then possibly increase by 30%. Not much certainty about these 

percentages. 

- Factors affecting demand: 
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o School Holidays have a clear effect on demand. The demand of 

products like semi-skimmed milk, iceberg lettuce and fruits is lower 

during school holidays. 

o Unpredictable chefs. 

o One-offs: i.e. weddings (salads on the menu) 

- Note about pre-cut chips: currently, there is a trend to move away from 

standard chips, changing to hand cut, wedges, skin on, and other types. 

- Iceberg lettuce: it doesn’t sell much. Schools are the main customers, because 

kids won’t eat other types. 

- “Bryans” Leafy Large:  

Date Predicted Actual Orders 

Saturday, 28th March 

2015 

84 106 

Monday, 30th March 

2015 

35 33 

o On Monday, they also sold substitute products. 

- Adjustment of stock for busy periods: normally based on experience, using their 

intuition, unless they have records they can base their decisions on. The 

adjustments are made automatically, not following specific rules or 

percentages.  

- Information about suppliers is used as a buying guide, i.e. 60 bags of lettuce 

(baseline stock). If short, buy more to adjust to demand. Might split orders 

between different companies. 

- Lime is bought in pallets. 

- Butternut squash can be kept in stock for longer, because it has a longer shelf-

life. 

- LETT0016 Bistro Lettuce. 

- ROCKET01 is a possible substitute for lettuce. 

- The decision about substitutes is basically the chefs’ choice, based on the type 

of preparation required, the quality of the product, the time available for 

preparation and the price that they are willing to pay. 

- If the need to shift some stock that is close to their expiration dates, they 

sometimes offer it to their customers at special prices (promotions). The 

customers will accept depending if they can actually use the products within the 

remaining shelf-life. 

- Baby Leaf: 

Date Predicted Actual Orders 
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Saturday, 28th March 

2015 

47 37 

Monday, 30th March 

2015 

20 20 

o Sold more Italian lettuce on Saturday. 

- Substitutes are a factor to consider when analysing the demand of similar 

products. 

- Effect of price: a cheaper product would require more preparation, no date on 

packaging, and it could require washing before use. 

- Demand is affected by what chefs need and how much time they have to 

prepare the products and how much money they want to spend. They might 

decide to prepare the products themselves or ask Zest to prepare them before 

delivery. 

- Iceberg Lettuce: 

Date Predicted Actual Orders 

Saturday, 28th March 

2015 

66.5 44 

Monday, 30th March 

2015 

81 60 

- Suggestion by Matthew Gummer: Focusing on studying groups of products (i.e. 

all types of lettuce) could be more useful. Cauliflower and broccoli are 

interchangeable and we also need to consider the prepared vegetables variety. 

- Some customers order on specific days: i.e. some will buy on Monday on 

preparation for the week and on Thursdays on preparation for the weekend. 

- Customers that buy on different days are normally due to adjustments related to 

demand variations. 

- Mushrooms (MUSH002 and MUSH005) are very delicate products that 

generate large amount of waste, because that have to be bought on boxes and 

customers tend to buy just 2Kg, and they normally start deteriorating after 3 

days. 

- Matthew Gummer estimates that their waste percentage is between 1-2%, 

which seems to be quite low.   

- Button Mushrooms: 

Date Predicted Actual Orders 

Saturday, 28th March 

2015 

48 78 

Monday, 30th March 

2015 

36 30 



 

161 
  

o Saturday: busy day, low prediction. High demand could be due to a 

different wholesaler buying from Zest. 

o High demand of vegetables during weekends could be due to 

vegetables being used as a side for a main meal. 

- Field Mushrooms: 

Date Predicted Actual Orders 

Saturday, 28th March 

2015 

29 27 

Monday, 30th March 

2015 

21.5 11 

- It is hard to predict busy weekends. 

- Pending conversation with Matthew Gummer to explain how to use the 

knowledge acquisition tool to update the actual orders of the agreed products 

and the reasons behind the variations.  The agreed products are the following: 

o “Bryans” Leafy Large 

o Baby Mixed Leaf Large 

o Button Mushrooms 

o Field Mushrooms 

o Iceberg Lettuce 

o MILK001 (Semi-skimmed milk) 
We will keep track of this information on a daily basis, to try to identify useful rules or 

patterns on variations. 

 

Appendix 5: Dealing with substitute products 

 

Query about Bryans Leafy Large quality issues 

Marilú Garcia-Taylor  4 June 2015 at 11:03 
To: "Matt Gummer, Zest Produce"  
Cc: Parminder Kang 

Dear Matthew, 
 
I hope that you are well. I have been checking the information that you recently uploaded in 
the system and I noticed that you had quality issues with the product Bryans Leafy Large. It 
would be very useful if you could give me more details about this issue by answering the 
following questions: 

1. What exactly was the problem with the product?  
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2. What caused it?  
3. Was there any impact on the price of the product? 
4. Was it a problem with one specific supplier? 
5. How did you deal with the wasted products and what was the waste percentage in 

this case? 
6. How did your customers react to this issue? 

Thank you for your time and I hope to hear from you soon. 
 
Kind regards, 
 
Marilú García-Taylor 

 

 
Matt Gummer, Zest Produce  5 June 2015 at 10:13 
To: Marilú Garcia-Taylor  

Hi Marilu. 
  
We often get issues with the ready prepared bagged lettuce when we come 
to the end of a season, usually it is the Curley Endive lettuce that turns 
brown very quickly. On this occasion we have come to the end of the 
Spanish season and are about to move to the English. When that happens 
we should have no more problems. 
  
We usually suggest to our customers that they try a different product during 
the transition period, but on this occasion we have discontinued The Italian 
(although on your product code it is called bryans leafy) and introduced a 
Garden Herb Salad, which doesn’t contain Curley Endive lettuce. The 
Garden Herb salad is 3 pence more expensive to buy but we haven’t passed 
this onto the customer. The Garden Herb salad is produced by the same 
supplier and we haven’t switched suppliers. 
  
The complaints are usually dealt with by issuing a credit for the full amount 
to the customer and then we get a credit from our suppliers.  
  
If there are no more issues, then sales of the (bryans leafy) Herb garden 
salad lettuce, will return to normal or may increase, as it is a good product. 
  
The Bryans leafy, Italian Lettuce and the Garden herb Salad are all under 
the same product code and they are all substituted for each other. 
  
If you have any more questions please let me know. 
  
Regards 
  
Matt 
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Appendix 6: Effect of customers under-ordering on prediction  

 

Query about customer´s orders (Iceberg Lettuce) 

Marilú García-Taylor  19 August 2015 at 18:08 
To: "Matt Gummer, Zest Produce"  
Cc: Parminder Kang  

Dear Matthew, 
 
I hope that you are well. I have been checking the information that you recently uploaded in 
the system and I noticed that for the product Iceberg Lettuce there was a customer that 
stopped ordering from you (from 27th to 29th July 2015) and then ordered again on the 1st 
August 2015. Are you aware of any specific reason for the behaviour of this customer? Did 
this have any effect on your waste percentage? 
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Thank you for your time and I hope to hear from you soon. 
  
Kind regards, 
 
Marilú García-Taylor 

 

 
Matt Gummer, Zest Produce  20 August 2015 at 08:03 
To: Marilú García-Taylor  

Good morning Marilu. 
  
I hope you are well.  I am not aware of any reason why they didn’t order over 
these few days.  I can guess that they had over ordered previously and 
wanted to run their stock down. 
  
In terms of our waste; Iceberg lettuce isn’t a particularly big seller, especially 
compared to other types of lettuce we sell. For this reason we don’t bulk buy 
this product (i.e. we don’t buy by the pallet), we buy small quantities from the 
growers or pick up from other wholesalers on a daily basis. For this reason 
we didn’t end up with any waste.  
  
I hope this helps 
  
Many thanks 
  
Matt 

 Zest Produce Ltd 
 

 


