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Abstract 

This paper shows how automation exists and its effects, which can be described as faster and more space efficient supply chain management, with labour costs. It also allows for an overnight, 24/7 operation schedule and absolute flexibility for a supply chain. The paper also shows that automation will not take more than an average of 9% of jobs, and that in the long term it will improve employment. 

The purpose of this paper is to find the answer to the following questions: 
1. What are the current technologies existing within the warehouse industry to automate the process?
2. What are the effects of the systems already in place?
3. What can be done to further automate the system?
4. Where does the human workforce fit in with an automation focused solution?
5. How will automation effect employment and productivity? 
6. How close is a jobless future? 

The hypothesis is that; 
1. The automation of the warehouses is not ongoing, and…
2. …the introduction automation will take the jobs of people. 

The anticipated result of the research is that the null hypothesis will be rejected, and that we will find that the automation is ongoing, and that automation is not a serious danger to jobs. 
If hypothesis is proven correct, it will require further research in to the possibility of warehouse automation and the technologies that might be in place later on, and the effects of a “jobless society”. 










Impact of atomization in Warehouses and a brief overview of broader effects of automation on employment 

1.0 Introduction 
1.1 “Automation is a big step to take and it is a decision that should not be taken lightly.” (Richards, 2018, pg 148)
1.2 This is true. Automation can be a costly and dangerous investment according to (Iglehart, Jackson and Bettinotti, 2017; Richards, 2018), and rightfully so. (Kiviva Systems, 2019) claims that for Amazon to automate his own warehouse the robots that they brought from them cost $545 million, which is significant amount of money. 
1.3 Of course, such an investment will have benefits. According to (Richards, 2018), benefits of automation include:
1.3.1 Increased space efficiency 
1.3.2 Smaller warehouses
1.3.3 Enables “random storage” 
1.3.4 Higher density storage 
1.3.5 Labour and energy savings
1.3.6 True 24/7 operations
1.3.7 “First in, first out” principles easily enforced
1.3.8 Increased safety
1.3.9 Constant performance independent of individuals
1.4 However, it has disadvantages. While it is safer for the man, it is a fire hazard for the building if too many robots are running at the same time, and their engines can cause fires, as it was likely the case in 2019 with Ocado’s automated warehouse in Andover (Kleinman, 2019; BBC News, 2019). 
1.5 Further risks are that a system failure might bring the warehouse to a halt, that there be a lack of flexibility, and that there might be people still needed to handle anomalies (Richards, 2018). 
1.6 This paper aims to see what is possible with this technology, does it worth it, and what the future bring. It will also look at the broader question of the effects of automation on employment.

2.0 Current technologies, with examples
2.1 There is no shortage of examples of existing automated warehouse solutions. Ocado, who according to (Kleinman, 2019) wants to become a people-free company, have made significant advances in the field of warehouse automation, even though their Andover plant burned down. 
2.2 In the meantime Asda also joined, with their 3D shuttle technology, back in 2012 according to (Richards, 2018). This was with partnership with AutoStore to create a several thousand product line facility, with 140 robots and 10 ports out, 6 ports in, capable of servicing 335 bins/hour/station. This shows that even the less e-commerce oriented business are picking up on this, though not as much as Amazon, or Maspex Wadow, (Brown, 2018; Richards, 2018).
2.3 According to Brown, Amazon has over more than 100,000 robots working for it across it’s many plants, while Maspex has a Poland warehouse which ships over 340 cases per hours according to a case study by Richards. These cases all show that there is already progress made in this field, in not small steps either. [image: ]
(Kuan-Yu and Tian Sheng, 2009) 

2.4 Of course, with the fire at Ocado (Kleinman, 2019), and that (Brown, 2018) also claims that over 500,000 people are still employed with Amazon to complete the work of the robots, it is still shown that there is still a long way to go. 
2.5 (Kuan-Yu and Tian-Sheng, 2009) Also provide us with examples of automated systems called AS/RS. These are shown on the figure above, one that they themselves use. This is a system that compromises usually of a robotic arm that moves up and down a row, collecting the right boxes, then putting them to a conveyor belt. 

3.0 Effects of systems already in place 
3.1 The first example will be the 3D Shuttle technology of Asda. A case study by (Richards, 2018) shows that this system lets them conserve more space, allowing for larger storage, and more efficient item placement. This means that they can cut costs on the amount of labour cost, and also on the upkeep of the warehouse. However, this still lets them expand if the need arises. 
3.2 Richards (2018) also claims that this system is more ergonomic than traditional means, as it eliminates bending. He also claims that this allows them to utilize space to the maximum. 
3.3 This is important as food and grocery forecast, according to (IGD, 2019), is set to grow by 15%, meaning such automation in needed to be able to keep up with demand without extra infrastructure. 
3.4 The second one will be Ocado, before the fire in 2019. Looking at their 2017 half year results, we can see what they planned for the site. (Lord, Tatton-Brown and Steiner, 2017) tells us about how they planned to expand on the site, and that can only meant that they had fate in that it will bring them profit. This is also in the report on page 17, where they point out that the Andover plant earned them £5-10m in EBITDBA. This shows how profitable warehouse automation is. 
3.5 The third example is of the effect of this on the life on the workers. A newspaper article by Financial Times (O’Connor, 2013) tells us about the miserable working conditions inside an Amazon warehouse. Of course, a good part of that is down to the company, but another is just generally the way warehouses work they are often employ people on 10 to 12h shifts, and with short breaks. Automation means that this undesirable job can be done without inflicting bad fate on human labourers. 

4.0 Future of warehouse automation 
4.1 The future of the automation of warehouses can only be described as better AI and infrastructure. As (Kuan-Yu and Tian-Sheng, 2009) talk about in their paper, one part of the automation process from now in is better robots with more movement options, while faster AI will help it improve in speed of processing data, and to better organise.
4.2 Further automation will come when AI had learned to handle anomalies and more delicate, difficult orders, as this is highleighted by many as one of the main weaknesses of the currently existing systems (Richards, 2018; Brown, 2018). 
4.3 According to (Walters, 2018), the future of the warehouse automation is broadening the usage of it, and expanding the solutions to larger enterprises, and to the military, as it is shown by the new Queen Elisabeth class aircraft carriers (Save the Royal Navy, 2019). 
4.4 Other than these automation will happen mostly outside of the warehouses, with automated delivery, such as in Milton Keynes (BBC News, 2018), and the introduction of self-driving vehicles (Davies, 2016; Frangoul, 2019; Topham, 2018). 

5.0 Automation effects employment
5.1 In all of this automation, the main factor is the elimination of human factor, which begs the question, what will happen to employment? (Arntz et al, 2016; Mokyr et al, 2015) both highlight the fears of people that there will be robot takeover of jobs, and humans be forced out of jobs, though they are both deny its truth. 
5.2 Against them is the popularly cited paper of (Frey and Osborne, 2013), which claims that 47% of US jobs can be automated. Arntz argues that it is only 9% of all jobs in all of the OECD countries that can be automated. Arntz also highlights the issue of the method that Frey and Osborn used, saying: 
5.2.1 “These studies follow an occupation-based approach proposed by Frey and Osborne (2013), i.e. they assume that whole occupations rather than single job-tasks are automated by technology. As we argue, this might lead to an overestimation of job automatibility, as occupations labelled as high-risk occupations often still contain a substantial share of tasks that are hard to automate.” (Arntz, et al, 2016, pg 4)
5.3 Arntz also highlight that this is just an average number. According to their studies, Korea has about 6% are at risk of automation, while in Austria about 12%. These are not so significant numbers compared to the whooping 47% predicted in the US by Frey and Osborne. 
5.4 However, many people seem to be on the side of Frey and Osborne is this argument. Using the methods of Frey and Osborne, (Pajarinen and Rouvinen, 2014) predicted that about a third of all Finish jobs could be automated “in a decade or two”. Arntz also quotes Brzeski and Bark (2015), and Boules (2014), who respectively give values of 59% for Germany and 45% to 60% in Europe. 
5.5 However, there is also an argument to be made that automation in the long term increases employment. (Leontief and Duchin, 1984), claims that while in the short term, employment would decrease, in the long term the new job opportunities provided by the automations can increase employment. 
6.0 “Jobless” society – how realistic? 
6.1 A jobless society is something by which we understand a future where people don’t have to work, as automation and robots do all the jobs needed for society to stay alive. 
6.2 Most papers based on the research of (Frey and Osborne, 2013) agree that this is something that though isn’t imminent, but is possible, papers that are based on the research of (Arntz et al, 2016), usually delay the idea of such a society, and deny it coming true anytime soon. 
7.0 Conclusion 
7.1 The null hypothesis was that there is no automation in the warehouses, and that automation will take the jobs of people, both of which are disproven. There is automation ongoing in many warehouses, with its effects being cut to labour costs, and more efficient space and time managements. The future of automation is in improving the current systems in both hardware and software, and making them accessible to more companies. 
7.2 Employment and jobs are not in risk of being taken over by robots, not anytime soon. A jobless society is not on the verge of becoming a reality, nor is it within sight of the century. 
7.3 A recommended action to be taken is to further the capabilities of the software of the warehouse robots to let them handle anomalies, and to make the hardware cheap enough for small and medium sized companies to make use of them, and to advance it enough for large companies to be able to make large scale automated warehouses cheaply. 
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