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The Effect of Technology On Supply Chain Management of Automotive Sector 
The fast pace business environment of 21st century caused various issues starting from globalization, increased consumer demands, use of digital technologies. Automobile manufacturers design and build vehicles globally so their supply chains are complex due to which they can have issues of long lead time, late deliveries, excess inventory, unreliable production schedules. Therefore, management has to make right, efficient and effective decisions regarding their supply chain to remain competitive in the environment. A major portion (70%) of revenues is spent in supply chain strategies Presutti (2003). In highly challenging environment supply chain is a popular tool to improve competitiveness. An efficient strategy is essential for automobile companies to meet dynamic consumer demands. This essay will cover three paradigms of auto manufacturers (with reference to appendix A) The concept of lean, agility as supply chain strategies and then technological paradigms that helped in implementation of lean and agility concept in supply chain of automobile industry and how automobile companies can be cost effective and cater customer needs. The flowchart shows the relationship between paradigms of supply chain, technology and structure.  
Concept of Supply Chain Management
Supply chain can be defined as bidirectional flow of information, products and money between the initial suppliers, businesses and final customers through different organizations (Nurmilaakso, 2008). It can be both internal and external. Supply chain management aspects are represented from various internal functions such as procurement, storage and warehousing, planning and transport management; whereas the external factors incorporates movement of materials, information, data and fund transfers between suppliers, customers and other partners. Simchi-Levi et Al. (2000, p.1) define supply chain management as “a set of approaches utilized to effectively integrate suppliers, manufacturers, warehouses, and stores, so that merchandise is produced and distributed at the right quantities, to the right locations, and at the right time in order to minimize system-wide costs while satisfying service levels requirements”.
Lean, Agile and Leagile Supply chains 
With rapid fluctuation in demand, hyper competitive environment companies cannot just operate on lower costs rather they have to develop core competencies to gain competitive advantage over competitors. Therefore, supply chain methods have been changing to cater the needs of customers efficiently. Until 1990’s the idea behind car manufacturing was to produce same car models for everyone so it is cheaper for the automobile companies because it would be easier for parts exchange, easier to assemble and less errors. But after the Japanese manufacturer introduction in automobile industry; the trend changed to Lean production. They started developing different models for customers starting from color change. Although this method was criticized because parts exchange and supplies would be different every time. All the big companies Ford Motor, Chrysler and General Motors were working on the strategy of one model for all. The Word Lean is described as a “series of activities or solutions to eliminate waste and reduce non-value added operations and improve the value added” (Wee and Wu, 2009). It can also be defined as Rahiminia (2009) defined it as “leanness means developing a value stream to eliminate waste, including time and to ensure a level schedule”. Therefore, for lean supply chain management means reducing the steps that are not adding value. It was first introduced through the book “The machine that changed the world” (Womack et al., 1990) henry ford used the concept of continuous flow to assembly line process which means they wanted to reduce the errors in manufacturing by increasing the output. Whereas, Lean supply chain advocates no inventory stack up, just in time delivery and giving choices to consumers. So, Lean is based on the concept of Toyota Production systems and just in time delivery (Ozabayrak and Papadopoulo, 2005). It is strategy that says produce the just what and how much is needed and when it is needed and where it is needed. Or it was called “Enhancement of value by the elimination of waste”. Therefore, the basic purpose to use this concept is integration or communication between supply chain partners regarding inventory levels, delivery plan, schedules and delays in deliveries. For lean supply chain companies need to build strong relationships between all the supply chain members and have an effective communication between them. This means that this method cannot be applied if all the members are working in isolation. As Toyota motors used the strategy to ask for feedback from suppliers, dealers and give them information about product design and features. In this all the team can work together to produce better cars for customers. Effective communication is the key to lean supply to ensure cost and quality of products by less distortion plans, regular and continuous delivery of small volumes. All of these can be regulated by effective between members. Thus small volume and zero inventory stack up ensures low costing. As technological advancement and internet has improved the levels of communication therefore lean supply requires internet and technology for its proper implementation. Since lean supply dictates low volumes of supply that’s why this strategy is more suitable for industry with stable and predictable demands and is also dependent on low price. Customers are provided value through low production costs and creating synergies between supply chain members. Since consumers require cars according to their preferences lower volume of cars per model is required. E-procurement and market places improve communication between members of supply hence lean supply chain management can be better adapted with the help of internet and technology. It can also be deduced from definitions that collaboration and team work of all the members is essential. It is also difficult to maintain tight relationship with some suppliers for bigger organization like GM, Ford. They have complex processes and they have to amend them as needed. It could work better in a flexible structure organization. Based on inventory turnover and inventory period firms that are more lean to least Toyota, Ford, Chrysler, Nissan, Honda, and Fiat (Gokam, 2010)
with the increasing customer demands, highly competitive environment and advancement in technology lead to “responsiveness”. The term agility has been expressed different ways. It is related to time based competition and fast cycle innovation. It is similar to lean supply chain method in just in time delivery. It is often considered as integration of business components. Agility is a comprehensive response to the business challenges of profiting from rapidly changing continually fragmenting, global markets for high quality, high performance, customer-configured goods and services” (Iskaniu,2006 and Press, 2005). when companies experience challenges and pressures externally the degree of agility acquired by individual company changes. Therefore, application of agility to supply chain is the ability to align the supply chain members network and its response towards turbulent and dynamic requirements of the customers (Ismail and Sharifi, 2006). Therefore, like leans they have the concept of timely delivery and alignment of supply chain partners but it does not include the reduce the waste processes or it does not include the concept of zero inventory like in lean supply chain management. As this method also focuses on alignment and collaboration of supply chain partners like lean. In this era of Globalized markets agile is the need of business because they are running businesses in network structures and they should be flexible and responsive towards customer demands and how do they anticipate changes and how well do they recognize opportunities. Hence, Lean method is must for agile method because agility is not only about responsiveness but it also includes coat and Quality of the product. Both lean and agile methods work better with the help of internet and technology. (Ismail and Sharifi, 2006). Integration and communication could be streamlined with the help of internet and advance software. The responsiveness could be better. 
Later on, in order to improve the efficiency of organizations it is better to combine lean and agile supply chain methods (Faisal, 2006; Hilletofh, 2009). They have some common factors and therefore should be linked together to evolve a new manufacturing paradigm using Leagile (Vinodh, 2009). Leagile supply chains aims to combine competitiveness in a cost effective manner. It means by positioning the decoupling point to best suit the need for responding to a volatile demand yet providing level schedule upstream from the decoupling point (Hull, 2005). Decoupling means postponement of assembly until the orders are received. Employing leagile supply chain means to hold the inventory in some basic or modular form and complete the assembly of cars when the orders are received from customers (Christopher, 2005). Therefore, this method employs both strategies of cost effectiveness, less inventory levels and meeting consumer demands. In terms of car industry all the organization Ford, GM, Volkswagen, they all have now shifted modularity. They design basic modular parts and wait for the customized orders. Companies delay the forward movement of products at their distribution centers and they keep it in operations cycle and after that products are kept a central distribution centers (Hiletofh, 2009). Therefore, they are using assembly to order approach. Hence applying leagile supply chain would ensure cost effective, stable, flexible and responsive towards customer demands. In order to apply leagile strategy E-business and internet is must to ensure complete collaboration. BMW Rosslyn has fully aligned supply chain and it uses advance technology applications, just in time delivery manufacturing which all are features of both agile and lean methods because BMW wants to deliver products that are according to the needs of the customer at an appropriate rate. Table below shows the characteristics of BMW plant. 
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 The above mentioned paradigms of manufacturers were lean, agile and leagile supply chains. To implement these chains technology and software are necessary. Lean and agile methods requires alignment and collaboration of all the members of supply chain. Lean and Agile supply chains were introduced to achieve cost effectiveness and economies of scale along with fulfilling the needs of customers. Therefore, technology paradigms work as facilitators between these two. Technological advancements and software are essential to integrate the supply chain members. Lean and agile methods were introduced so that customers can choose car features according to their needs and to ensure cost effectiveness and timely delivery of vehicles.  To link supply chain members some software have been used by automobile industry which are explained below.

EDI VS ERP 
Integrated supply chain follows the concept that action of one member of chain have an impact over all members. However, before internet based software it was difficult to achieve “systems oriented approach” sytems like EDI are used to “interlink one or more organizations to their suppliers or customers through private value added networks “.  Airline industry was the first one to use to use domain of IOS (Monteiro and Macdonald, 1996; Pemberton, 2001). Since airline industry and automobile industry needs efficient, quick inexpensive and accurate inventory management systems so they can communicate with all the supply chain members. therefore, EDI being an inter-organizational software was not effective to deals with the issues of these types of industry where supplier and distribution base was big. Since EDI were designed according to specific industry and organization they were quite expensive. After that automated information systems were developed to share information between two or more organizations and can be sent out of the organizational boundaries. Similarly, IOS implementation were risky than traditional internal projects as more companies are part of the network so the company would have less control over processes. inter organizational systems have mutual benefits and thus the action of one partner can affect the benefits of the other trading partner (Riggins and Mukhopadhay, 1999).
Traditional EDI software was inefficient when it comes to integration of multiple organizations to use common data and processes across the supply chain. Although EDI decreased the transaction costs for firms but it is very limited and inflexible. Companies needed more control over their suppliers and for this purpose up to date ad accurate information sharing was essential among supply chain members therefore more sophisticated and cheaper alternates were require. Peugeot, Volkswagen, Citroen, BMW, Daimler have been using EDI for sharing information across supply chain members. Since EDI had many flaws companies started using enterprise resource planning software. It integrates the many information processing abilities and place them into single data base (Akkermans, 2003) Previously companies were using isolated data bases and information was distributed across multiple and disconnected data bases. So it was difficult for managers to make effective and timely decision due to distortion of information (McAfee, 2002). ERP enhance transparency across the different functions of organization Separate systems were being used for ordering, accounting, human resources but ERP joined them together. Besides amalgamation of different systems traditional ERP system could not make supply chains of companies more agile and lean. Therefore, EDI and ERP helped automobile industry to streamline the information and gather under one data base but it does not help them to link to external suppliers on wide range. 
Traditional Supply Chain Vs integrated supply chain management
From 60’s to 80’s firm’s ability to achieve the goals of integrated supply chain process was limited as communication channels and information sharing was not very strong. The organizations were reluctant to hare their data with each other. It was assumed that companies will lose their competitive advantage to other firms and they were hesitant to share sensitive information such as their inventory levels, production schedules, product specifications with other partners as they could lose their customers to other competitors. Traditionally supply chain was a unidirectional and materials flow from source by various stages to the final customer and then money flows down same chain. Every part in the chain value was added and thus profits are increased. As Ford motors were using forward integration strategies to reduce their costs and become mass producer of automobiles. Ford motors introduced moving assembly line in to automotive industry.  The companies were focused on mass production of vehicles instead of giving consumer’s choices or customize them according to their needs. Till the end of 1980 the process of supply chain was a single process (Houlian, 1988) which means all the partners in chain are working together seamlessly. automotive companies were using forward integration strategies. They were getting hold of their supply end by purchasing Traditionally all the parts of business were working in isolation whereas, with advent of internet and technology an organization is not just linked to a single supplier or retailer. Due to e-business an organization can be linked to a network of suppliers and distributors. Integrated supply chain management is based on internet based software and use of technologies to linkage between functions of businesses and work together smoothly. 
One of the draw backs of the traditional system was consumer demands were distorted till it reached to the initial supplier due to poor communication networks throughout the chain. It was also time consuming. Thus internet enabled software helped businesses to communicate through use of technology at lower cost without compromising the richness of information (Graham et al., 2004). With help of the internet in business a company can reach out to large number of people effectively and in no time. Ford Motor company is using internet tracking even for the small spare parts shipped on daily basis to customers. In retail industry K-mart introduced a concept of point of sale information. They linked their computers to vendors’ computers to notify them immediately for lower levels of stock. 
Information sharing is the key in integrated supply chain management but companies were reluctant to share sensitive information in fear of losing competitive advantage to their rivals. They could lose their customers to other competitors. With help of electronic data interchange and just in time technologies companies were willing to share information for their own benefit. But EDI requires a lot of investment in computers and soft wares for both vendors and buyers. Also, EDI was slow and complex and it took longer time to implement in the process completely. It required a lot of capital expenditures on equipment and training in order to make it operational.  However, after the inclusion of internet these programs they were easier to implement. Wal-Mart were the first ones to link point of information systems with their vendor’s computers. Their vendors were immediately notified of the low stock levels. An electronic order was sent to the respective vendor. 
E-Procurement (e-marketplace, e-catalogues) have made it easier to integrate the supply chain process. E-business led to e-markets and e- procurement due to which an organization can be linked to a pool of eligible suppliers. However, this technology serves as a barrier because in order to use E-markets and e-procurement in supply chain required companies to be technology sophistication and internet services used. Thus smaller firms having limited financial resources, management and technical skills were hesitant to move to E-procurement strategies.  Although use of technology has reduced procurement costs but for smaller firms it is a barrier to adopt to technological advancements and train their people accordingly. Bigger organizations are less subjected to knowledge and technology barriers but E-markets are still cost effective than traditional ERP and EDI are third party company specific software that are in flexible and very limited because they are specific to each company they cannot be used by every company in the same manner. Since they are tailored to specific requirements of company they are more expensive.
Use of internet in supply chain have reduced process cost for organization more than the product costs (Wagner and Smyth, 2004). But it increased the investment costs for some companies.  To adopt e-procurement, or internet and technology the primary obstacle is human factor, insufficient leadership, insufficient management skills, resistance to change, training costs. Thus organizations have to train and hire people who will be able to adapt these technological advancements. Therefore, technological and social aspects of e-business have to be implemented coherently. Without top management support adoption of e-business is difficult (Nathan, 2003).  With the introduction of e-procurement big companies have been adopting these strategies but Companies had to change their organizational culture and structure to use technology for their advantage. Organization cultures had to be more flexible, fast and innovative. The most important barrier for blue chip companies to incorporate e-commerce and e-business into businesses is to change their organization structure and culture. The functional structure of an organization would be able to kick start the process but later a company can do better with matrix structure. Functional structures are hierarchal and departmentalized whereas matrix structure is more flexible. Automotive companies have been changing structures to meet the technological advancements in procurement and logistics process (K. Pelly, Wei Loong, 2002).
Effect of internet on procurement 
It has been evident form above examples and practices that internet has helped reduced the time, communication gap and distance for all the businesses. Similarly, use of internet has also improved procurement process (purchasing) for past years. Internet is used in communication, selection of suppliers, price quotes, vendor catalogues. General electric reduced its staffing cost by more than 50 percent by introducing online purchasing from vendors using e-catalogues. It also reduced the clerical work, less documentation and even order time. GE managed to reduce the order time by 40 percent. Again, these strategies will take time to implement and overcome human resistance due to fear of losing jobs technology. Another benefit is negotiations between supplier can be carried out through internet but companies will lose the essence of face to face negotiations. Moreover, the after sales services are also being performed with help of the internet which means reduction in handling costs of returned and damaged goods. Warrant issues like warranty claim issues, new claims, terminator of claims are also dealt through internet. These things are beneficial for customers because it is easy to access instead of going in person. However, due to these services provided by companies through internet they have to dedicate customer service departments to handle customer requests and complaints. These services have also helped improved the communication between customer and manufacturer and it has also increased the quality of customer service. 
With the help of E-procurement new concept of e-markets has evolved. Manufacturers always wants control over their suppliers to regulate prices, quality and timely delivery of the materials. Traditionally firms used vertical and horizontal integration to gain control over suppliers and distribution to gain competitive advantage. But even vertical and horizontal integration requires firms to buy different distribution and manufacturing centers. However, e-market places are used to connect suppliers and buyers though internet to buy and sell goods at a price which is determined according to rules of exchange (Bakos,1998; Koch, 2002). Volkswagen has its own supplier link and internet based procurement system for Tier 1 Suppliers (Appendix B). It was formulated to ease the integration of suppliers and OEM’s “Supply on” another consortium was formed for selection of suppliers. Bosch was major shareholder in it. It was formulated for online selection of tier1 and tier 2 suppliers. This consortium helped them achieve less lead time, effective collaboration of procurement, less labor hours and transparency of cost (Howard. M, et.al, 2002).  Therefore, e-markets are helping the automobile industry to achieve lean and agile supply chains. 
EDI and ERP were traditionally used to integrate different functions of organizations. They were used to streamline the communication across different function of business. But with the help of e-markets an organization can be connected across geographical boundaries and with external entities.  ERP’s and EDI requires high operating costs because of their proprietary nature whereas, e-markets are now using internet to create links which is cheaper as compared to traditional ERP and Edi software adopted by firms (Sculley et al., 1999). Also, e-marketplace is a third party non-proprietary software unlike ERP which enables which allow businesses to share data at lower costs. ERP and EDI requires more operating costs and more trainings of work force. Automobile and airline industry have been using e-markets for competitive advantage.  German automobile industry has been using e-market places more than anyone. The proportion of German companies that use e-business applications in their procurement departments increased two fold over a period of two years. It rose from 26% to 49% (Empirica, 2001). Moreover, the effectiveness of e-markets can be explained from the fact till 2000 66 new consortiums were formed in 18 different industries (Walravens and chungs2000). There are two most prominent examples of consortium are Covisint formed by General Motors, Ford and DiamlerChrysler and the other one is known as Transora formed by 50 or more leading consumer goods companies including Coca cola, Nestle.  These consortia formed by market leaders are similar to vertical integration because together they can put pressure on suppliers as in monopolistic approach. They can regulate prices according to their needs. Consortia are beneficial if all small and medium enterprises suppliers, retailers are part of them. IBM states e-marketplaces are built upon internet-based infrastructure that can be used for payment process, supply chain optimization, fulfilment purposes, online auctions, trading and much more. 
Business to business e-markets are beneficial for lowering the procurements costs along with decreasing the response time. Suppliers from all over the world are connected which means suppliers can even sale to different geographical locations which means their customer base is increasing in lower costs and without even physically moving to remote locations. They can increase their sales without stocking up the inventory. (IBM et al., 2000). Besides all these advantages e-markets are not suitable for tier 3 and 2 suppliers. Suppliers are generally divided into 3 or 4 tiers based on the tasks they perform. Tier 1 and 2 are generally components and parts manufacturers that are usually small and medium companies. Therefore, most of the tier 3 and tier 2 producers are not utilizing e-procurement strategies because of the technology and knowledge barriers. All the big companies who are in tier1 section are using e-market places and e-procurement strategies (G. Muhge, M. Hertwig and H. Tackenberg, 2005.). airline industry has been using B2B marketplaces for more than 40 years (Neil and Purchase, 2004). It can be said that e-market place adoption also depends on the firm size. Therefore, all these e-business strategies (E-ERP, E-procurement, E-market places) are difficult to be implemented by small and medium enterprises. They follow more traditional approaches of management. Adoption of technology requires more ICT sophistication. It also requires flexibility of management and organizational structure. (Wagner and Smyth, 2006) Therefore, organization have to change their culture, structure and hierarchies. Due to constant changing nature of technology; companies employing these strategies need to be flexible. Therefore, hybrid structures could be optimal for such type of organizations but there is no one solution for all. The most notable advantage of transaction in e-marketplace is procurement cost per unit decreases. (Eng, 2004) and firms can sell their excess inventories to different parts of the world which is the most common issue of automobile industries. 
Impact of internet on inventory Management
Inventory management is one of the crucial and costliest aspect of any company. Because of this extra inventory concepts of lean supply chain and just in time were introduced. By mid-20’s Toyota introduced the concept of lean supply chain which means to reduce the waste materials in pursuit of efficiency; to reduce unnecessary processes, excess inventory, correct any mistakes or defects during the production by stopping assembly line there and then rather than waiting for the product to finish and get fixed at the repair centers which was a frequent Practice of Ford Motor company. Although Ford Motor was a market leader at some time but they were mass producers. Ford and GM both had excess inventory issues. Ford Motor unlike Toyota had repair and maintenance hubs for the final checkup of cars before delivery. Therefore, Ford was spending more money and time on each of their product whereas, Toyota was the first company to make cars that were without any defects due to their collaborative team approach. Inventory management has been a difficult task for organizations since start. Researches have proved that use of internet has helped in this area by improving the communication of stock-outs and lower stock level between customers and vendors. Moreover, Companies notify their customers of shipment delays, order tracking. Dell has been popular for its use of internet to sell to individuals and businesses. Dell gives the option to customize the product according to your choice that’s why they have managed to reduce their inventory levels from three months to six days. Dell shares all the information with its supply chain partners. Nowadays, companies like amazon provide real time tracking to its customers. Therefore, the advantage of using internet in their supply chains is to reduce inventory level because it would help reduce holding costs. Toyota and Ford adapt more lean approach they have least levels of inventory. Therefore, lean method advocates low levels of inventory; hence cost effectiveness.
Although the use of internet and technology reduces process but companies can benefit only with the complete integration of supply chain members. This complete integration requires complete overhaul of business strategies (Stedman,2000.). It would require a lot of investment in technology and infrastructure changes too. Companies would have to build align their strategic partners as well as overcome the human factor (Kanet and Canon, 2000). As Dell. Co shares all product information with its partners which means all the members should have same technology capacity. 
Effect of internet on transport 
Another cost component of supply chain is transport or logistics management. It usually makes up to 25% of total operating costs. The internet has one of the greatest impact on this part of chain. It enables organizations to track their shipments and deliveries to and from vendors and distributors. Companies can track shipments with the help of real time tracking whereas, in traditional supply chain management managers had to wait days before the information becomes available. It is indeed more time saving than traditional approaches because managers can inform carrier of shipment delays immediately rather than waiting for some days to take corrective measures.it also effects the efficiency of carriers because their performances are being tracked continuously whereas without the help of internet it is hard to keep accurate track of performances. As PPG industries, uses internet to monitor weekly route performance of carriers from its main productions plants. They also track long vehicle deliveries across the country. Toyota, Ford uses RFID or barcodes to track their shipments of supplies or even the final product. In Europe, land rover uses real time tracking to locate routes and schedule the vehicles and this helps improves the plant and driver utilization and also ensures on time deliveries of finished products. Tesla uses automated trucks with route optimization and real time tracking to ensure timely deliveries in lesser costs and less human errors but not all of the distributors can employ this level of technology. Tesla has been using vertical and horizontal integration strategy unlike other automobile companies. 
Effect on supplier relationships
Integrated supply chain works on the concept of all the members of chain are working together to increase the efficiency of the organization. Internet can increase the supplier bargaining power by collaborating with the manufacturers. Whereas, previously every member used to be a separate entity focusing on their individual profits. So, companies used to vertically integrate (own the supplier side) to reduce the bargaining power of suppliers and to ensure efficiency. Whereas, now all the partners are aware that if they can facilitate each other by delivering quality products in time. It is easier with the help of internet to enter the market because they are not required to install costly proprietary software which requires more investments but still small and medium suppliers find it difficult to use technologies in the process. With the help of internet information sharing is ore easier and suppliers get all the information related to product design, features etc. so they are aware of the fact that they are part of the chain and they are adding value. Performances of suppliers are being monitored continuously due to which continue to build strong relationships with the suppliers that deliver. According to a study conducted on Us manufacturers 20% of the companies are using internet to rate the performances of their vendors. Companies can now a days reach out to supplier located in different location by e-catalogues and it was not possible when companies were using traditional software to link existing or new suppliers and even by vertical integration. The research indicates in US manufacturing sector 41.1 % of the supplies were purchased from online catalogues (2000). Although EDI helped in improving the communication between suppliers but it was complex system and not as efficient as compared to internet however, now Vendors and their customers can process information, invoices and process returns on 24/7 basis. All the negotiation was used to be face-to face or rather on paper and after the introduction of complex systems it was stored on computers. With the help of new advancement all these records and information can be stored on cloud space.  Lean and agility concept require strong relationship between suppliers and manufacturers and internet is helping to build strong relations between them.
Customer service and Internet 
Customer can now inquire, register complaints 24/7 through websites and specialized customer service centers. Warranty claims parts exchanges are can also be processed online. Customers are more aware about each and every detail about car. They can compare different models. Moreover, to improve customer service companies now keep the customer updated about the delivery of the product and they have set up customer services departments to ensure customer satisfaction. Companies are now giving them the opportunity to choose features of their car in any model they like. It is a difficult task for management to deal with queries 24/7 but good customer service gives them a competitive advantage. Also, they are in direct contact of customers they can feedback, latest trends and preferences. Customer satisfaction is the basic requirement for any successful business. Since internet is providing the opportunity to customers to connect with the manufacturer and provide feedback or to enquire information.
Drivers of Integrated Supply Chain Method
With the help of digital technologies and software automobile companies achieve cost effectiveness, collaboration of supply chain members, Just-in-time delivery and less spare inventory. The ultimate goal of using lean and agile approach is to achieve mass customization and cost effectiveness. With the help of well aligned supply chain member modularity is easier to achieve. Mass customization is another important goal of automobile industry. In order to provide options and choices in cars, volume per model decrease which will be costly for companies and they would lose the benefit of economies of scale. Thus, to gain economies of scale from scope automobile industry have moved to modular structures and mass customization.
Mass Customization 
Mass customization is another driver for current supply chain practices. Companies want to meet the need of the customers. It intends to provide customers wide variety but in low prices along and less time. With fast moving technologies customer demands are also increasing. They want more options, different color, interior, exterior, engine size more tech options. Therefore, to cater the needs of consumer and just in time delivery companies are shifting the trend from build to stock to build to order. There are benefits of this strategy which include less inventory and less storage costs and warehousing. However, in order to use it for their benefit they have to use software (Advanced Planning Systems) which means heavy capital investments in planning soft wares. Thus the question is how much their operation research methods will be affected and how automobile companies would change their planning processes. BMW spent almost 55 million dollars on purchasing online ordering system to reduce deliver time by 20 days on average. BMW offers a number of options to customers out of which several thousands are in demand. For all the developed countries and big companies transition to technology is comparatively easy as compared to under developed countries. Since current supply chain practices are built on the basis of Web, computers, applications but in developing countries these facilities are not very abundant. Even in developed countries Bigger firms still have some capital to invest in technological investments but customers themselves don’t have access high tech phones, online payment systems and credit card even. With trend of Globalization, all the companies are moving towards global supply chains and members but with these obstacles in developing parts of the world companies operating in those countries would have to adjust according to the customer needs. That’s why, when it comes to manufacturers in developing parts of the world how much e-business can penetrate and how those strategies will be penetrate is still an unsolved problem (Humphrey et al., 2003; Vatanasakdul et al, 2004.).
Modularity & Platform Sharing
Due to changing trends of markets and technological advancement customer preferences are changing while traditional supply chain models suggest to stack and inventory and demand can be satisfied with availability. Ford used the concept of one model for All as it ensures parts exchangeability, replacement and even increase productivity of organization. However, trends have changed customer are well informed and more critical thus, companies are bound to use build to order approach. That’s why companies design less number of cars per model. Economies of scope has replaced the concept of economies of scale. Therefore, companies need to keep up this trend and provide vehicles according to consumer preferences. This is a task for all the automobile companies to offer vehicles that are cost effective for them and are according to consumer choices which means companies are more flexible in manufacturing. This is not possible with tradition supply chain processes. They are improving production process by platform sharing. The benefit of platform sharing is that parts can be shared across different models and it is also beneficial for parts exchange. However, companies lost economies of scale because less vehicles are being sold per model. They can achieve economies of scale if the collaboration is strong among companies so they can share platform with models of different companies. (Automotive News, 2000.). companies can achieve this goal by using Lean supply chain methods rather than traditional supply chain. Modular designs can solve the issue as companies would focus on tier 1 suppliers for essential parts of vehicles Mercedes produces smart car which has just 25 tier1 supplier whereas a normal car requires 200 parts (Doran, 2003).  Modularity is also needed to enforce stronger relationship between suppliers and manufacturers. Toyota follows lean supply chain so they follow create modular designs because it requires manufacturer to be flexible and well integrated supply chain. If all the members are working together to achieve a same goal, then high level of collaboration is required. However, this can have negative impact for OEM’s because all most all the vehicle would be designed by suppliers so OEM’s bargaining could be effected but designs and marketing would be done by OEM’s and they own the brand name so they will have significant effect. 
Globalization
Foreign growing markets are good opportunities for automotive industry. As technology has reduced the distances so companies are selling and buying from remote locations. Companies often set up new divisions in different countries to enter new markets, cheap and high skilled labor. There could be some consequences of moving to different countries. Sometimes firms have to rely on their existing suppliers or use local supplier. Relying on the existing suppliers increases the lag time which ultimately decreases the efficiency of companies.  Similarly, Audi set up a subsidiary in Hungary in anticipation of Global competitiveness. They used local labor because it was cheap but they did not have any intention to use local suppliers unless they meet the quality standard of Audi. Most of the local suppliers could not meet their standard. Only few of them could join and they were placed in market for exchange position. Therefore, they couldn’t develop strategic partnerships. Contrary to it Suzuki entered Hungarian market and they did not have the capacity to bring their suppliers so they relied on local suppliers due to which they developed strategic partnerships. (K. Demeter, 2006.) Therefore, companies have to think of all the possible outcomes of moving to other countries. Besides from expanding, companies can use vendors from different locations. Similarly, some of the manufacturers like to stick to their existing suppliers and other countries can only allow them to enter through joint ventures so, they would have to open up their operations in that country or ship the supplies to OEMs (original equipment manufacturer) which would affect the efficiency of company. There are many developing markets who have potential to grow. Like china became a huge potential of revenues a few years ago because china has the biggest population and small percentage of ownership of vehicles. Therefore, it could be an opportunity to grow and make profits. However, there are some factors that companies should consider before entering the market and develop their strategies accordingly. Since labor is cheap and country is still developing so price could be a concern. Hence globalization has provided many opportunities but all the companies have to consider their strategies according to the culture and economic conditions of the country. (Howell & Hasu, 2004.). Similarly, many under developed countries are not technically advance so moving to those countries would pose technological barriers for automotive companies. India is also a developing market. globalization has also increased the competition which is another driver of supply chain management. 
Competition 
Technology has made the world even more competitive. Competitive advantage is the main driver for any strategy or move of the organizations. Introduction of internet has removed the distances and time. Previously there were only three big companies General Motors, Ford and Chrysler. When Toyota and European manufacturers entered the market theses three had to modify their operations. That’s how Toyota introduced lean manufacturing in the market. In order to remain in market companies had to adopt optimize supply, design, manufacturing (Niklas Braese, 2005.). Competition can increase or decrease the price of the product. Companies charge high prices when they have less or no competition but they have to consider prices once they are in competitive environment. Competition can affect the quality of product positively and negatively. Therefore, competition helps in regulating companies because they can survive only if they seek competitive edge over their competitors. After the entrance of Japanese company OEMs started adopting Lean methods but the adoption of new strategies takes time due to which Toyota was able to capture market share and others were busy to survive (Womack,1990.). Due to technological advancements consumer preferences are changing. Since there a lot of options in market it is difficult to position your product in consumers’ minds. Toyota used the strategy of making reliable but cheaper cars in order to differentiate than the rest of the cars. Whereas, BMW and Audi promise to deliver luxury cars. Automobile industry is changing drastically. Companies are changing models, technology of cars and also reducing the time of delivery; it is essential for them to maintain their competitive advantage therefore, it is important for them to choose right supply chain model. Competition is one of the drivers for change in the supply chain strategies.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
Future technological Advancements 
Many companies are already deploying digital technologies in their supply chain process to be cost effective and efficient. Some of these technologies can help companies to build strong relationship with their suppliers and all of these factors will help companies to be agile and lean. Some of them can enter the process in future as few high tech Firms are using them:
Robotics
A few companies are already using robots in at their fulfillment centers like Amazon and Tesla is also using robots at their manufacturing plants. This concept is very new and can be useful for automobile companies since on the assembly lines the tasks are repetitive. Robots are designed to recognize pattern and perform rule based tasks. Therefore, automation would reduce the chances of human error and will increase timely delivery of the products. This technology can also be used by supplier who manufacture parts for OEM’s to assemble. Although it has benefits but It would affect the human capital employed. People would lose their jobs to technology. The costs of automation would also be higher but for OEM’s it is not difficult while tier 2 and 3 suppliers might not be able to benefit from it much. 
Block-chain 
Companies have been moving towards block-chain technology. Block-chain technology is crypto logical data structures that use a trusted peer to peer network to create digital transactional ledgers which can verify transactions among peer to peer process and generate automated payments. It creates a chain of transaction on web from one party to another and it cannot be falsified. Block-chain is the new hype in supply chain industry since automotive supply chain are very complex and it involves members from different areas and thus need a verified trustable technology for automated payments. Again advancements in technologies generally decrease the workforce required.  It will also require company to train people to use the system. If automobile companies employ block-chain technology they can ensure transparent, accessible and speedy transactions which will improve collaboration among members. 
Crowd Sourcing 
Companies can use large and diverse inputs and even mobile phones to monitor trends and forecasts that can affect the sales or customer demands. Although companies are moving towards assemble to order style but they get their suppliers to manufacture some basic and modular structures based on the demand trends. Although leagile supply chains are being used more but part of the chain still depends on estimates. Therefore, automobile companies can have more accurate estimates and forecasts which helps them to order and maintain inventories. Excess inventories affects profitability of these manufacturers. 
Predictive Data Analytics 
Automotive companies can use software that can combine statistical models, artificial intelligence and machine learning along with third party data storages to predict cost fluctuation, supplier risks, anticipate market fluctuations and changes in demand. It can help them in decision making. But these approaches would increase the dependence on technology. Companies would have to adhere to the advancements to survive in this hyper competitive environment. Small and medium enterprises who cannot afford to implement these changes might lose their existence. 
Sensors 
Automotive companies can use sensors to detect, capture and record the physical movement of inventory. Therefore, inventory management would be easier for manufacturers. It would reduce the labor cost employed for inventory checks which means more cost effectiveness. 
In order to achieve complete integration companies, need more strategic alliances so they can serve the customers more efficiently. Consortia should be formed between supplier, retailers and the OEM’s so they can benefit from their collaborations. As digital technology use in the supply chain process increases the management styles, organizational cultures and structures should be amended accordingly. Since automobile industry is heavily relying on technology the organization structure should be more flexible for successful implementation of Agile and lean methods. More decentralized structures along with more authority at the hand of employees to make effective and timely decisions. Since automobile companies have fierce competition and dependency on technology means they are operating in turbulent environment. Therefore, managers need to make decisions by considering all the information at hand. Therefore, they should have authority and power to direct any change. Companies should make structural changes as well as change in management styles to deal in an unpredictable environment. in the end it can be seen that internet has made supply chains of automotive sector more lean and agile by fulfilling the demands of customers. 
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