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Abstract

:

In recent years, the e-commerce market has grown significantly, and the online retail market has become very competitive. Online retailers strive to improve their supply chain operations to reduce costs and to improve customer satisfaction. Value stream mapping (VSM), a tool created by the lean production movement to identify and reduce errors, losses, and lead time and to improve value-added activities, has been proven to be effective in many manufacturing processes. In this study, we investigate the application of value stream mapping (VSM) in the supply chain of an e-commerce retailer on Amazon. By visualizing the entire supply chain with VSM, the waste that is produced during the delivery process from the retailer to the customer was identified. The five whys method was then applied to find the root cause of the waste. Furthermore, a scoring method was developed to evaluate and compare two different supply chain logistic models to identify a strategy for improvement. This study provides a systematic methodology to understand, evaluate, and improve the entire e-commerce supply chain process utilizing VSM. It was demonstrated that the methodology could improve supply chain management efficiency, customer satisfaction, and cost reduction.
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1. Introduction


E-commerce has been the fastest-growing channel in the retail industry over the last decade, and online buying and selling have become increasingly prevalent [1,2]. The coronavirus pandemic 2019 (COVID-19) has changed people’s life profoundly, and e-commerce has played an even more important role in maintaining the economic health of society [3]. Euromonitor estimates that 17% of goods will be bought online in 2021, nearly doubling from 2016. In 2020, the amount of goods bought online globally grew by 24%, reaching a total of USD 4.2 trillion worldwide, while stored-based sales declined by 7% [4]. With e-commerce, not only can buyers enjoy the convenience of buying items anytime, anywhere, but online channels also offer great opportunities for the retailers to sell their products directly to customers all over the world without the need for a physical store [5,6]. The advantages are even more obvious in the current pandemic situation, when shopping at physical stores is not convenient. At the same time, e-commerce has increased competition, as more businesses choose to sell their products online [7,8,9]. Online retailers face some unique challenges compared to those selling their products using the traditional brick and mortar selling model. For example, the delivery time is usually long, customer service is difficult since there is no direct interaction with the customer, and the product, information, and fund transactions heavily rely on e-marketplace platforms and third-party logistics. To remain competitive in the market, it is important for online retailers to understand their supply chain issues and to manage their supply chain effectively in order to reduce costs and to improve customer satisfaction [10,11].



A typical supply chain includes multiple stages, ranging from suppliers, manufacturers, distributors, retailers, and finally, to customers. In the e-commerce supply chain, an additional party may be needed to operate an e-marketplace. The different supply chain stages are interconnected to coordinate in terms of the exchange of products, information, and funds to meet the needs of customers [12,13,14]. If issues are present at any stage in the supply chain, then they could weaken the advantages of e-commerce and block the development of innovation [15]. A systematic view and analysis of all of the activities that are involved will be helpful in identifying issues and in ensuring effective coordination and integration in the supply chain to reduce costs and improve profitability [16,17].



Value stream mapping (VSM) is a lean methodology that can be used to systematically measure, evaluate, and integrate all of the activities that are involved in production processes to achieve a competitive advantage by reducing errors, losses, and lead-time and to improve value-added activities [18]. VSM was originally developed with the lean production movement and has mostly been used in the manufacturing industry. The concept of lean production was introduced by John Krafcik in 1988 [19] and James P. Womack in 1990 [20] as a management principle to elaborate the manufacturing method used by the Toyota Production System (TPS). This management principle has been recognized for its effectiveness in productivity, continuous improvement, product quality, and timely delivery to customers [21,22,23]. It utilizes graphical tools to show the key elements of a production system as well as the flow of materials and information in the production process. By helping us to understand how activities and operations are connected, VSM lays a basis for the process to be analyzed and drives improvement [24,25]. As the core idea of lean production is maximizing customer value while minimizing waste, which is the same as supply chain management in terms of its philosophical and operational goals and perspectives, we propose to investigate the application of VSM in the analysis of supply chain in e-commerce.



In this paper, the application of VSM in the e-commerce supply chain is explored through a carefully selected e-retailer from Shenzhen, China. The entire supply chain of this e-retailer is visualized using VSM to identify waste. The five whys method is then used to determine the root cause of the waste. The five whys s method is an iterative interrogative technique that can be used to seek the root cause of a problem by asking increasingly granular why questions [26]. Furthermore, a two-stage scoring method based on fuzzy set theory is developed to evaluate and compare the advantages and disadvantages of two different supply chain operation models in order to identify a strategy for improvement. The supply chain process under the new operation model is again visualized using VSM to compare it to the original one. The cost advantage and improvement in the supply chain process are analyzed.



The contribution of this work includes (1) the investigation and adaptation of the application of the lean tool, VSM, in the e-commerce supply chain to systematically assess and analyze the entire supply chain process, from suppliers to customers, to identify potential waste; (2) the integration of the five whys method with VSM to identify the root cause of waste; and (3) the development of a two-stage scoring method to evaluate different operation models. The research provides a systematic approach that can be used to access, evaluate, and improve the e-commence supply chain that can be applied to all common e-businesses.



This paper is organized as follows: In Section 2, we review relevant literature related to e-commerce supply chain management and VSM. In Section 3, we introduce the methodology and the implementation process. In Section 4, we use a carefully selected e-retailer to describe and demonstrate the details of the methodology. The results are analyzed and discussed in Section 5. The implementation of the methodology is concluded and is summarized in Section 6.




2. Literature Review


Supply chain management in e-commerce has attracted the attention of professionals and managers worldwide since the 1990s and has been investigated in a number of publications [27]. Early studies on the e-commence supply chain were focused on the structure in creating and implementing an integrated e-supply chain system [28,29,30]. Research then shifted to the operation and management of the e-supply chain after e-commerce merged into the retail market and became more mature. For example, shipping costs and free shipping policies for online retailers were studied in [31,32]. The practical operation of e-procurement was studied in [33,34]. Transportation costs were identified as being a critical part of the total logistic costs in e-commerce, and an efficient intermodal transportation auction was proposed in [35]. Channel selection with multiple selling channels and pricing strategies were investigated in [36]. The online scheduling of order batching and delivery were examined in [37]. The influence of consumer channel loyalty and the market power structure to the pricing strategies of online selling were investigated in [38]. The impact of knowledge management and organizational innovativeness on e-commerce supply chain performance was examined in [39,40]. Reference [41] studied the decision making and coordination of an e-commerce supply chain with manufacturer fairness concerns. The implementation status of e-commerce and e-health in the United Kingdom is reviewed in [42]. The e-banking market in Europe was explored in [43]. A recent survey paper by Kumar [44] showed that e-commerce research is expanding to embrace emerging tools, business models, and applications focusing on the vibrant growth in e-commerce. Existing studies on e-commerce supply chain management are mostly focused on a specific issue or stage of the supply chain. There is a lack of a systematic methodology that can be used to assess and evaluate the entire e-commerce supply chain process and to drive improvement.



VSM utilizes graphical tools to show information flow and material flow from raw materials to the deliveries, which provides a systematic view of the processes that are involved in completing a product or a service and drives improvement [18]. VSM is a lean production methodology that was made popular by Rother and Shook in 1999 [45]. As the lean concept is originated from the manufacturing industry, early studies related to VSM focused on theories and practical procedures of VSM in manufacturing sector applications [18,46,47]. Inspired by the VSM research in the manufacturing sector and the effectiveness of the methodology, research efforts have implemented VSM in other sectors to achieve improvements in productivity [48]. For example, the application of VSM is explored in the product development process to identify waste, inefficiency, and non-value-added steps [49]. VSM is used to improve environmental sustainability [50,51,52]. VSM has attracted a great deal of interest in a wide range of service sectors to improve health care efficiency [53,54] and sales processes [55]. The graphical view of VSM helps to understand the processes that are involved in providing a product or service to identify waste, while the five whys method can be used to drill down the root cause of waste. The five whys method is the practice of asking the question of why something is how it is five or more in order to arrive at the root cause of the failure [56]. The method was originally developed by Sakichi Toyoda and was used in the Toyota Motor Corporation during the evolution of its manufacturing methodologies [56,57]. Since then, the method has been widely used in different problem domains because it is very intuitive, easy to apply, and has great adaptivity. The details of the methodology and its implementation procedures can be found in many Lean and Six Sigma handbooks [56]. The five whys method has been proven to be effective in identifying the root causes of failures in many manufacturing and service sector case studies [57,58,59,60,61,62,63].




3. Methodology


The methodology and the steps taken to assess, evaluate, and improve the e-commerce supply chain are schematically shown in Figure 1.



3.1. Case Selection


In the e-commerce supply chain, business owners choose from two options through which they can sell their products online: (1) a business develops its own website where all transactions take place between the business organization and consumer directly or (2) a business sells its products on an online marketplace where the information infrastructure has been built and is owned by a third party. The second option is often the first choice for small- to medium-sized businesses whose sales volume is not big enough to justify the cost of building their own online website. Among many online marketplaces, Amazon is the world’s largest one and is continuing to attract more and more customers [64,65]. Small and medium businesses who sell their products on Amazon are from the US as well as from more than 130 countries around the world. Their products account for more than 50% of all units sold on Amazon [66]. Those businesses need support and guidance for high-quality supply chain management. In this study, a case-based approach [67,68] is used to demonstrate our methodology. As a representative study case, a small product retailer who sells products on Amazon was selected. The retailer is based in Shenzhen, China, and it entered into the North American market through the Amazon platform in July 2019. The retailer currently has 10 employees, with yearly sales that are close to 3 million dollars. The e-retailer faces challenges such as slow sales growth, long delivery times, and low customer satisfaction, which are typical issues in e-commerce.




3.2. Value Stream Mapping


After the case was selected, VSM was applied to analyze the supply chain process of the e-retailer. VSM classifies all of the activities of a production process into three categories: value-added (VA), necessary but non-value-added (NNVA), and non-value-added and unnecessary (NVA) [21]. The goal of VSM is to make the flow of products, information, and funds efficient by reducing NNVA activities and by removing NVA activities in a timely manner and to improve value-creating time. There are three basic steps in applying VSM: constructing a current state map (CSM), constructing a future state map (FSM), and formulating an action plan [18]. VSM utilizes symbols to represent different parties and activity links and flows of a production process [25,69]. The symbols that were used during the creation of the VSM for this case study and their meanings are listed in Table 1. All of the VSM-related graphs in this paper were produced using the Microsoft product “Smartdraw”.





4. Case Study


The main products of the selected retailer include phone cases, power strips, puppy pads, party decorations, cordless jump ropes, and automatic soap dispensers. Their best-selling products, phone cases and party decorations, will be used in this case study. The retailer places weekly replenishment orders to its suppliers, and the inventory is kept at its office in Shenzhen, China, and it is from here that the products are shipped to their customers. As more and more retailers are entering into the online market, the competition is becoming more intense. The e-retailer is striving to improve their supply chain operations, reduce costs, and increase customer satisfaction to be competitive in the market.



4.1. Current Stream Mapping (CSM)


In this section, the CSM is constructed to exhibit the entire supply chain process of the two selected products: phone cases and party decorations, as shown in Figure 2.



The e-retailer places a weekly replenishment order to its suppliers. The order is shipped to the retailer’s office to be inventoried by a logistics company, which takes 2 days. It takes 1.5 days for the received raw products to be sorted and stored by the employees of the e-retailer. During this process, the products are packaged, the logo of the e-retailer is printed on the products, and a scanning label is attached to each package. The products are then made available on Amazon’s official website for sale. Customer orders arrive on a daily basis. Upon receiving an order, the needed items are packed and weighted at the e-retailer, which takes 1 day in total. The e-retailer uses an online logistics platform operated by 4PX (Shenzhen, China), to select a contracted external logistics company, such as Federal Standard Shipping or Henan E Post, etc., to pick up the packages and to handle the final delivery. The e-retailer chose an economical air mail delivery method due the attributes of their products being small and lightweight. It takes 10 days on average to deliver an order to a customer. Thus, the response time to customers is 11 days, which is 76% of the total time a product is in the e-retailer supply chain process. The response time has the highest potential to be reduced and may be the source of NNVA and NVA activities in this value stream.




4.2. Five-Whys Root Cause Analysis


The five whys method was employed to drill down the root cause of the potential waste. Starting from essential questions regarding low sales, a series of “why” questions were asked and solutions to address these questions were generated, as shown in Table 2. Usually, there are multiple answers or causes for a given question. The causes of the questions should be discussed among a cross-functional business management team, and a conclusion should be supported by concrete data analysis. In this case study, the cause was identified based on feedback received from customers and through the brainstorming of the supply chain management team. For example, the low sales volume was due to low customer satisfaction, and the cause was supported by many customer complaints regarding the response time. The ultimate solution to the issue was to find a business partner in US, where the majority of the customers were located, to handle the inventory storage and order delivery. By moving inventories to a local warehouse that is closer to the customers, the response time could be greatly reduced to improve customer satisfaction, which would lead to sales growth.




4.3. Scoring Method for Logistic Model Selection


There are typically two overseas logistic operation options for an Amazon e-retailer to consider: (1) Use the services provided by Amazon, called fulfillment by Amazon (FBA) or (2) use the services provided by other logistics companies, called fulfillment by a third-party logistics (FB3PL) [70,71,72]. In the FBA option, the suppliers of the retailer ship the goods directly to the Amazon warehouse in the US. The products will be listed on Amazon’s website once they are available in the Amazon warehouse. Amazon will pack and ship the products to the customer once an order is received. In the FB3PL option, an 3PL company in the US will be selected to provide services that include warehousing, sorting, packaging, and delivering. As each of the two options has their unique service features to offer, making a side-by-side comparison is not straight forward. In order to effectively and efficiently select an option that best fits the logistic needs of the retailer, a two-stage scoring method is developed to evaluate the options. In the first stage, a fuzzy Delphi method (FDM) is designed to identify key logistic factors. In the second stage, the key logistic factors are mapped to the service features that each option offers, and an overall score is obtained for each option by collecting expert opinions. The option with the highest score will be selected.



4.3.1. Stage I—Determination of the Key Logistic Factors


There are many logistic factors to be considered in the supply chain. The importance of these factors is different for each individual business due to different development strategies and the different characteristics of businesses. Delphi is a method that utilizes multiple questionnaires to integrate the opinions of experts to identify key factors [73]. To consolidate important logistic factors for the selection of a logistics operation model for the retailer, we designed a fuzzy Delphi method (FDM) that utilizes fuzzy set theory to obtain a fuzzy number for each logistic factor to determine the key logistic factors. The method will expedite the convergence of opinions in the second stage and will facilitate the final selection of the logistic operation option. The FDM is constructed through the following steps:




	
Propose potential important logistic factors to be considered, as shown in Table 3. Other than the common important logistic factors such as cost, on-time delivery, etc., warehouse location was included, as the distance between the warehouse and customer has a direct impact on delivery time. Sales growth indicates whether a partner can help the e-retailer to increase sales. Responsiveness refers to the adaptivity to the changes of industry-related policies, rules, and terms.



	
Assign linguistic terms that indicate the importance level of the proposed logistic factors with their associated reference fuzzy numbers, as shown in Table 4. Fuzzy numbers were introduced by Zadeh in order to deal with imprecise numerical quantities in a practical way [74]. Rather than assigning an exact importance number to each logistic factor, the fuzzy number allows the importance of the logistic factors to be expressed as a range between 0 and 1, which is more practical. For example, the importance of a logistic factor can be given a triangular fuzzy number of (0.4, 0.6, 0.8), with 0.6 being assigned to indicate that the factor is important in an ordinary situation, with 0.4 or 0.8 representing the most conservative or optimistic consideration, respectively. The proposed logistic factors along with Table 4 were sent to eight experts as questionnaires to collect the scores for each logistic factor. All of the experts have been in supply chain management positions in the e-retail industry for at least 4 years.



	
Calculate fuzzy weight/importance score for each logistic factor based on the scores received from the experts. The calculation process is as follows: The importance score of factor j evaluated by expert i is denoted as    f  i j   =  (   a  i j   ,  b  i j   ,  c  i j    )    for i = 1,2, …, 8; j = 1,2, … 10. The fuzzy weight of factor j is denoted as    f j  =  (   a  j ,      b j  ,  c j   )   , where    a  j     = min  {   a  i j    }   ,    b  j     =    (   ∏  i = 1  n   b  i j      )    1 / n    ,    c  j     = max  {   c  i j    }   . The extreme values that fall outside two standard deviations are removed.



	
Compare the fuzzy weight score of each factor with a threshold     f    ˜    to identify key logistic factors, where    f ˜  =  {  a v e r a g e    (   a  j      )  , a v e r a g e    (   b  j      )  , a v e r a g e    (   c  j      )   }   , the average values of the weight of all factors. A factor j with    f j  ≥  f ˜      will be selected, while a factor with    f j  <  f ˜    will be rejected. The fuzzy weight/importance score for each logistic factor, the threshold     f    ˜   , and the decision for each logistic factor are shown in Table 5. By comparing the Fuzzy weight with the threshold, six out of ten logistic factors are identified as key logistic factors and are selected.









4.3.2. Stage II: Scoring Logistic Operation Models


The key factors identified in the first stage are mapped to the service features offered by FBA and 3PL to provide a direct link between them, and a second questionnaire was then developed during this stage. In the second stage questionnaire, each service feature is scored by the retailer’s management team, the advantages and disadvantages of the two options are compared, and a final score is obtained for each. The scoring criteria in this stage reference a four-quadrant method, a simple scoring methodology that is suitable for business managers who may have limited knowledge of detailed logistic terms. The four-quadrant scoring criteria are shown in Table 6. A scoring range of 1 to 5 was used to reflect the urgency and importance of the advantages and disadvantages of the services. For urgent and important features, a score of 5 is applicable. For not urgent but important or urgent but not important features, a score of 3 is applicable. A score of 1 can be given to service features that are neither important nor urgent.



The advantages and disadvantages of the service features from FBA and 3PL and their associated logistic factors are provided in the first two columns of Table 7, Table 8, Table 9 and Table 10. The tables were sent to the e-retailer management team as questionnaires. The management team evaluated and assigned a score to each service feature based on the scoring criteria provided in Table 6. A high score, depending on the service feature being an advantage or a disadvantage, represents that the impact is significantly positive or negative to the e-retailer. The scores that were collected from the e-retailer management team are shown in the last column of Table 7, Table 8, Table 9 and Table 10.



The overall scores for FBA and 3PL are summarized in Table 11. The logistic operation model for FBA has a total score of 22 for advantages and 11 for disadvantages. The logistic operation model for 3PL has a total score of 16 for advantages and 22 for disadvantages. The FBA model has a higher score in terms of advantages and a lower score in terms of disadvantage, and it outperforms the 3PL model in both aspects. The improvement in customer satisfaction and sales growth are the two most important objectives of the e-retailer. The two-day delivery and 24 × 7 customer service offered by the FBA model help the e-retailer to achieve such goals. In addition, some unique service features offered by Amazon, such as Amazon’s trusted customer service and returns and strategies to improve listing rank and customer flow may help attract even more customers [75].





4.4. Future Stream Mapping (FSM)


In this section, the FSM is constructed to view the entire supply chain process with the adoption of the FBA logistic model, as shown in Figure 3.



The e-retailer places a monthly replenishment order instead of a weekly order to its suppliers. The retailer entrusts the supplier to package the products, including attaching the logo and the scanning label, and the supplier sends the products directly to the Amazon warehouse in the United States. The supplier uses a third-party logistic carrier, and an average of 7 days are expected for the above processes after an order is placed by the retailer. After the products arrive at the Amazon warehouse, another 7 days are needed for the Amazon employees to sort and process the products in the storage space. The products are then ready to go on the market. Upon receiving an order, Amazon employees will pick and pack the products and manage the final delivery. This process takes an average of 2 days for Amazon Prime members, and 6 days for non-Prime members. The total time of a product in the e-retailer supply chain process is 16 or 20 days, which is longer than it is in CSM. The response time to customers is reduced from 11 days to 2 days or 6 days depending on the customer’s membership status. The significant reduction in the response time will likely contribute to improvements in customer satisfaction and sales growth. It also shows that the NVA activities, such as sorting, storage, attaching labels, packing, and weighting are better organized. The replenishment orders to the suppliers and shipments to the warehouse in the US are consolidated and streamlined, which can further reduce costs. A cost comparison before and after the adoption of the FBA logistic model will be conducted in the next section using the two selected products, i.e., mobile phone cases and party decorations.




4.5. Cost Analysis


Costs are calculated based on the average monthly sales of the two selected products over the past 6 months at the time of this study, which are 200 units and 48 units per month, respectively, for mobile phone cases and party decorations.



Under the original logistics operation model, called fulfillment by retailer (FBR), the costs include shipping costs from suppliers to the e-retailer, shipping costs from the e-retailer to the customers, and labor costs. There are no additional costs for inventory under FBR, as the product size is small and the demand is low, and the products are kept at their local office in Shenzhen. The cost of the products and Amazon referral fees for using Amazon platform are the same as before and after the adoption of the FBA and are thus excluded from calculation of the total costs for both models. The weekly shipping costs from the suppliers to the e-retailer are shown in Table 12, Part 1, where the calculation is based on a weekly replenishment order of 50 and 12, respectively, for the two products and a weight-based shipping charge. The shipping costs from the e-retailer to the customers for the two products are unit based and are shown in Table 12, Part 2. An average shipping charge per unit based on quotes from three logistic companies on 4PX is used for the calculation of total shipping cost. The monthly labor cost needed at the e-retailer for activities such as sorting, packing, weighing, and labeling, etc., are estimated to be CNY 3000 and CNY 1500 based on employee salaries and the hours needed for mobile phone case and party decorations, respectively.



Under FBA, costs include shipping costs from the supplier to the Amazon warehouse, inventory costs, and a product-varying FBA fee that Amazon charges to cover customer delivery and overhead. The cost of the products and Amazon referral fees for using the Amazon platform are once again not included, as they are the same for both operation models. The monthly shipping costs for the two products under the FBA are shown in Table 13. Under this scenario, an external logistics company provides a quote for the entire package based on the product type and weight. An averaged shipping charge based on quotes from three logistic companies is used. The monthly inventory cost and FBA fee per unit can be found from Amazon Seller Central by selecting the corresponding product category, package size, and average inventory units. Amazon charges USD 0.01/unit for inventory and USD 3.31/unit FBA fee for mobile phone cases and USD 0.04/unit for inventory USD 3.48/unit FBA fee for party decorations [75].



The total monthly costs before and after the adoption of the FBA logistic model for the two products are shown in Table 14. The total costs under FBR are the summation of the weekly shipping costs multiplied by 4 weeks, the unit shipping cost multiplied by the average monthly sales in units, and the monthly labor cost for each product. The total cost under FBA is the summation of the monthly shipping cost, the unit FBA fee multiplied by average monthly sales in units, and the unit inventory cost multiplied by the cycle inventory, which is half of the average monthly sales in units for each product. The currency exchange rate USD 1 = CNY 6.51 according to the published market rate at the time of this research was used to convert the Chinese currency to US dollars [76]. By comparing the total costs of the two logistic operation models as shown in Table 14, it can be observed there is a cost advantage that can be incurred by adopting the new FBA model based on the current levels of demand.





5. Results and Discussion


By switching to the new FBA logistic operation model, the weekly replenishment orders are aggregated into a monthly order to be shipped to the warehouse in US, and the international shipping of each individual customer order from the e-retailed is replaced by a local shipping from the warehouse in the US. The monthly costs related to the replenishment are increased from USD 27.65 to USD 213.46 for mobile phone cases and from USD 17.93 to USD 188.88 for party decorations due to international shipping, as shown in Table 14. The cost for each individual customer order is reduced from 833.49/200 = USD 4.17/unit to (662 + 1)/200 = USD 3.32/unit for mobile phone cases and from 300.83/48 = USD 6.27/unit to (167.04 + 0.96)/48 = USD 3.5/unit for party decorations. The cost increase in replenishment is a one-time event in a month, while the cost benefits that are associated with each customer order increase linearly with sales. The cost advantage of the new logistic model will be more significant as the sales continue to increase in the future.



Based on the analysis and results from our methodology, the e-retailer adopted the FBA logistic model in September 2020. The sales volumes in terms of the monthly, 3-month average, and 6-month average from July 2019 to March 2021 are plotted in Figure 4. There was a slight increasing trend in sales from July 2019 to August 2020 when using the original operation model, while rapid sales growth was observed following the adoption of the FBA logistic model in September 2020. The sales of mobile phone cases increased by 67%, from 95 units in August 2020 to 159 units in September 2020. The sales of party decorations increased by 72%, from 25 units in August 2020 to 43 units in September 2020. No customer complaints regarding the response time were reported after the implementation of the FBA logistic model.




6. Conclusions


Recently, e-commerce has become one of the most important pillars of economy, and the e-commerce supply chain is continuously being improved to increase efficiency and to reduce costs. One important part of successful supply chain management is the ability to visualize each link in the supply chain [69,77]. In this paper, we developed an easy-to-follow methodology to systematically assess, evaluate, and the improve e-commerce supply chain by utilizing VSM. The methodology has some novel features that contribute to the existing research and industry practitioners.



First, the methodology integrates VSM, the five why method, and a scoring system into a systematic tool that visualizes supply chain process, identifies waste and root causes, and provides solutions for industry practitioners.



Second, a two-stage scoring method was designed to evaluate the supply chain operation options. The first stage of the scoring system utilizes fuzzy set theory that allows the importance of the logistic factors to be expressed as a range between 0 and 1, which is more practical. The key factors that were identified in the first stage are mapped to service features offered by different logistic operation models. This makes the service features more intuitive to business managers who may have limited knowledge of detailed logistic terms and facilitates the final evaluation of each logistic operation model. A simple yet effective four-quadrant scoring methodology was then used in the second stage to obtain final scores for different logistic operation models. The methodology is demonstrated through a typical Amazon e-retailer case study. The parties and activities involved, the links in-between, and the flow of information and products in the supply chain process are visualized through the construction of the VSM. The entire supply chain process flow is better understood, and the potential waste is easily identified. The root cause of the waste was then determined using the five whys method. The two-stage scoring method was used to evaluate and compare two logistic models to identify a strategy for improvement. The methodology is effective in improving e-commerce supply chain efficiency, customer satisfaction, and cost reductions.



Our methodology may have some limitations, as it was only applied to a small-scale e-retailer with a simple supply chain structure. In this study, all of the lead time and shipping costs were considered to be fixed, and only the scenario of one supplier was assessed, and average monthly sales were used to calculate the total costs. Our methodology may need to be adapted to more sophisticated supply chain scenarios. In the future, we plan to extend the scope of the case study and to explore other functionalities that VSM could offer. In addition, as supply chain and logistic issues deteriorate under prolonged pandemic conditions in different service sectors, we plan to explore the application of the proposed methodology to improve health care efficiency and other general supply chain problems.
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Figure 1. The methodology flow chart of the analysis processes. 
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Figure 2. The current VSM of the phone case supply chain in the e-retailer. 
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Figure 3. The future VSM with FBA model applied for the e-retailer. 
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Figure 4. Monthly, 3-month average, and 6-month average for (a) mobile phone cases and (b) party decorations. 
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Table 1. Symbols and the meanings of the symbols used to construct the VSM.
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	No.
	Symbol
	Meaning





	1
	 [image: Sustainability 14 00713 i001]
	Supplier or Customer



	2
	 [image: Sustainability 14 00713 i002]
	Process Control or Process



	3
	 [image: Sustainability 14 00713 i003]
	Inventory



	4
	 [image: Sustainability 14 00713 i004]
	External Shipping



	5
	 [image: Sustainability 14 00713 i005]
	Material Flow



	6
	 [image: Sustainability 14 00713 i006]
	Electronic Information Flow
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Table 2. Analysis process of the five whys method and the resulting solutions.
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	Question
	Cause
	Solution





	Why is the sales volume low?
	The customers are not happy with the long response time
	Reduce response time



	Why is the response time long?
	The delivery time is long
	Reduce delivery time



	Why is the delivery time long?
	The inventory is kept too far from the customer
	Reduce the distance between the warehouses and the customers



	Why is the inventory kept far from the customers?
	The warehouse is in China, and the customers are in the USA.
	Change the location of the inventory to be closer to the customers



	Why is the warehouse in China?
	The company does not have a warehouse or any partners in the USA.
	Find a partner in USA
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Table 3. Evaluation factor for overseas warehouse selection.
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Factors






	
Cost

	
Logistics information system




	
Warehouse location

	
Customer service




	
Sales growth

	
Capability to fill emergency orders




	
Logistics equipment

	
Responsiveness




	
Optimization capabilities

	
On time delivery
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Table 4. Linguistic terms and the corresponding triangular fuzzy numbers.
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	Linguistic Term
	Fuzzy Number





	Very Unimportant
	(0, 0, 0.2)



	Moderately Unimportant
	(0, 0.2, 0.4)



	Unimportant
	(0.2, 0.4, 0.6)



	Important
	(0.4, 0.6, 0.8)



	Moderately Important
	(0.6, 0.8, 1)



	Very Important
	(0.8, 1, 1)
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Table 5. Results from FDM.
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	Factors
	Fuzzy Weight
	Decision





	Price
	(0.4, 0.765542, 1)
	Selected



	Warehouse location
	(0, 0.391595, 0.8)
	Rejected



	Sales growth
	(0.6, 0.919727, 1)
	Selected



	Logistics equipment
	(0, 0.259368, 0.6)
	Rejected



	Optimization capabilities
	(0, 0.224492, 0.6)
	Rejected



	Logistics information system
	(0.4, 0.621969, 1)
	Selected



	Customer service quality
	(0.6, 0.862835, 1)
	Selected



	Capability to fill emergency orders
	(0, 0.297548, 0.6)
	Rejected



	Responsiveness
	(0.2, 0.626034, 1)
	Selected



	On-time delivery
	(0.4, 0.787196, 1)
	Selected



	Threshold
	(0.272727, 0.588590, 0.872727)
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Table 6. Four-quadrant scoring criteria.






Table 6. Four-quadrant scoring criteria.





	Score
	Urgent
	Not Urgent





	Very important
	5
	3



	Important
	3
	1
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Table 7. Advantages of FBA, their corresponding logistic factors, and scores.
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FBA




	
Advantages

	
Relative Factors

	
Score






	
Fast order fulfillment: 2-day delivery for Prime members

	
Customer service quality, sales growth, responsiveness, on-time delivery

	
5




	
Direct access to prime customers

	
Sales growth

	
3




	
Customer support: 7 × 24 h customer service, complaints, and returns

	
Customer service quality, sales growth, responsiveness

	
3




	
Transparent and simple fee structure: providing a handy calculator for sellers calculating their fees

	
Logistics information system

	
1




	
High purchase rate: customers trust Amazon and are more willing to buy product fulfilled by Amazon

	
Sales growth

	
5




	
Prime promotion and other Amazon boosts: Improving product listing rank

	
Sales growth

	
5




	
Total score

	

	
22
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Table 8. Disadvantages of FBA, their corresponding logistic factors, and scores.
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FBA




	
Disadvantages

	
Relative Factors

	
Score






	
Little order customization: must follow existing Amazon processes, poor flexibility

	
Responsiveness

	
1




	
Higher overall fees: higher long-term storage fee, order handling fee

	
Price

	
3




	
Low company brand exposure: products packed in Amazon-branded box

	
Responsiveness

	
3




	
Returns and exchanges are biased towards customers: products waste

	
Price

	
1




	
Little customer interaction:

	
Customer service quality

	
3




	
Total score

	

	
11
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Table 9. Advantages of 3PL, their corresponding logistic factors, and scores.
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3PL




	
Advantages

	
Relative Factors

	
Score






	
B2B and B2C fulfillment, supporting different sales channels

	
Sales growth, responsiveness

	
3




	
Customization for customers: value added services

	
Customer service quality, responsiveness

	
3




	
Customization for sellers: customized seller branded packing

	
Customer service quality, responsiveness

	
3




	
Low overall fees: low storage fee, order handling fee

	
Price

	
3




	
Various options: a wide variety of 3PLs

	
Price

	
3




	
Customs clearance service

	
Customer service quality, responsiveness

	
1




	
Total score

	

	
16
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Table 10. Disadvantages of 3PL, their corresponding logistic factors, and scores.
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3PL




	
Disadvantages

	
Relative Factors

	
Score






	
Not friendly for unstable or small order volume

	
Price

	
3




	
Initial fees: setup fee, receiving fee

	
Price, logistics information system

	
3




	
Not easy to find a trustworthy 3PL company

	
Customer service quality

	
3




	
No impact on sales

	
Sales growth

	
5




	
Slower delivery speeds: no 2-day shipping guarantee

	
Customer service quality, on-time delivery, responsiveness

	
5




	
Customs clearance service

	
Logistics information system

	
1




	
Total score

	

	
20
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Table 11. Summary of the overall scoring results for FBA and 3PL.
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FBA

	
3PL




	
Score

	
Proportion

	
Score

	
Proportion






	
Advantages

	
22

	
67%

	
16

	
44%




	
Disadvantages

	
11

	
33%

	
20

	
56%




	
Total

	
33

	
100%

	
36

	
100%
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Table 12. FBR-Weekly replenishment shipping cost (Part 1) and unit shipping cost from e-retailer to customers (Part 2).
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Part 1: From Supplier to e-Retailer




	
Product

	
Unit

weight

	
Weekly

quantity

	
Packing

weight

	
Total

weight

	
Charges

(CNY/kg)

	
Shipping cost




	
(kg/unit)

	
(unit)

	
(kg)

	
(kg)

	
First 1kg

	
Rest kgs

	
(CNY/week)




	
a

	
b

	
c

	
d = a × b + c

	
e

	
f

	
g = e + (d − 1) × f




	
Phone case

	
0.11

	
50

	
0.5

	
6

	
10

	
7

	
45




	
Party decorations

	
0.27

	
12

	
0.5

	
3.74

	
10

	
7

	
29.18




	
Part 2: From E-retailer to Customer




	

	
Unit weight (kg/unit)

	
Charges (CNY/unit)




	
Product

	
Product

weight

	
Packing

weight

	
Total

weight

	
Option 1

	
Option 2

	
Option 3

	
Average

(¥/unit)




	
a

	
b

	
c = a + b

	
d

	
e

	
f

	
g = (d + e + f)/3




	
Phone case

	
0.11

	
0.01

	
0.12

	
25.30

	
27.60

	
28.48

	
27.13




	
Party decorations

	
0.27

	
0.02

	
0.29

	
38.78

	
41.81

	
41.81

	
40.80
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Table 13. FBA-Monthly shipping cost from supplier to Amazon warehouse for P1 and P2.
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Part 3: From Supplier to FBA Warehouse




	

	
Weight

	
Charges (CNY)




	
Product

	
Unit product weight

	
Monthly quantity

	
Packing weight

	
Total weight

	
Option 1

	
Option 2

	
Option 3

	
Average




	
(kg/unit)

	
(unit)

	
(kg)

	
(kg)

	

	

	

	




	
a

	
b

	
c

	
d = a × b + c

	
e

	
f

	
g

	
h = (e + f + g)/3




	
Phone case

	
0.11

	
200

	
1.5

	
23.50

	
1251.03

	
1434.90

	
1483.00

	
1389.63




	
Party decorations

	
0.27

	
48

	
2

	
14.96

	
1040.35

	
1238.43

	
1410.00

	
1229.59
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Table 14. Total monthly cost FBR vs. FBA.
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Product

	
Phone Case

QTY = 200

	
Party Decorations

QTY = 48






	
Model

	
FBR

	
FBA

	
FBR

	
FBA




	
Shipping cost (USD)

	
Supplier to e-retailer

	
27.65

	
/

	
17.93

	
/




	
E-retailer to Customer

	
833.49

	
/

	
300.83

	
/




	
Supplier to FBA

	
/

	
213.46

	
/

	
188.88




	
Fulfillment cost (USD)

	
Labor cost

	
460.83

	
/

	
230.41

	
/




	
FBA fee

	
/

	
662.00

	
/

	
167.04




	
Inventory cost (USD)

	
/

	
1.00

	
/

	
0.96




	
Total cost (USD)

	
1321.97

	
876.46

	
549.17

	
356.88
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