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EXECUTIVE SUMMARY 

This paper provides insight and analysis based on research and survey data on the evolving automotive 
supply chain and the emergence of smart manufacturing associated with industry mega trends, in 
particular the escalating shift to electric vehicles (EV). The automotive industry is the crucible for so 
many of the fundamental changes that are taking place in manufacturing because of technology 
convergence. The survey confirms the impact of the mainstream trends, and that the industry is on the 
threshold of change. The OEMs and supply chain recognize the need to adapt to the dynamics and 
consequences of the technology convergence and megatrends but are still struggling with the scale and 
speed of the change necessary. 
 
CURRENT SITUATION 

In early 2020, the Victoria and Albert Museum in London held an exhibition in collaboration with the 
automotive supplier, Bosch, entitled “Cars - accelerating the modern world”. It was the first time that this 
world-leading museum, which has its origins in the great exhibition of 1851, had focused on the 
automobile as a design object.  
 
In a foreword for the accompanying book, the director of the event made the following observation: “The 
invention of the car, over 100 years ago, has had a profound impact on the history of modern design. 
From its earliest beginnings the car swiftly reshaped landscapes, cities, fashion, film and even whole 
economies. Today it is almost impossible to imagine a world without the car.” However, as this paper will 
show, the car, and how its produced, is changing rapidly and the implications are that, since it is such a 
pivotal aspect of our lives, it will likely reshape life as we know it. 
 
Recent events have forced questions and concerns to be raised about today's global car culture and the 
future of this predominant transport system. The pandemic has forcibly restructured work and social 
lives, challenged the assumptions about urbanization, and the clearer blue skies have visibly shown the 
impact that less driving can have on climate change. Governments have increasingly begun to review the 
emissions limits and accelerated the timing of regulations for passenger and light vehicles. To date, more 
than 14 countries including parts of China and 20 cities globally, including Stuttgart, have proposed 
banning the sale of vehicles powered by fossil fuels. Most recently, the U.K. announced the phase out of 
sales of cars using only petrol or diesel by 2030 and a ban on the sale of vehicles with tailpipe emissions 
by 2035.  In May 2021 the governors of 12 states, including New York and California, urged the U.S. 
President to take “bold federal leadership” to ensure all new cars sold from 2035 are zero-emission.  
 
According to March 2021 data, released by the International Energy Agency (IEA), global emissions 
plunged by almost 2 billion tonnes in 2020, the largest absolute decline in history. However, after hitting a 
low in April 2020, global emissions rebounded and were 2%, or 60 million tonnes, higher in December 
2020 versus the same month in 2019. What has become evident is the urgent need for systems of 
mobility that are radically more sustainable and efficient. Electrification is seen as the best option and is 
rapidly accelerating, driven by both legislation and popular sentiment. 
 
As a result, the automotive industry has seen customer demand driving electric vehicle sales. While the 
global automotive market experienced a significant decline in sales of around 16% in 2020, the EV market 
increased significantly. Sales of battery electric vehicles (BEVs) rose by 40% and plug-in hybrid vehicles 
(PHEVs) by 74% worldwide over the year. China is still the largest BEV market in absolute terms, but the 
growth driver has come from Europe. BEV sales in Europe more than doubled in 2020, while PHEV sales 
more than tripled. 
 
According to PWC Strategy & Consulting, it’s anticipated that EVs, including hybrid models, will increase  
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466% by 2027. However, the challenge is profitability which is being squeezed by the required  
investments in electric and autonomous cars, and the impact of a shifting product mix with higher cost 
and lower margin EVs. Consequently, the sales and profitability at the world’s biggest carmakers are 
expected to fall in 2020 because of the pandemic and ensuing economic shock. Meanwhile, the dazzle of 
all electric manufacturers continues with the market capitalization of Tesla reaching new highs, and 
multiple EV vendors, including Lucid and Arrival, using blank check companies or special purpose 
acquisition companies (SPACs) as vehicles to list and be traded on the financial markets. Another way to 
look at the valuation of Tesla on April 30th, 2021 is to relate the market cap against the number of 
vehicles sold. When comparing Tesla against other EV manufacturers it can be seen there is an overall 
optimism about EV manufacturers which is not evident when compared to traditional OEMs.  
 

 
 
Over the next three years, accelerating EV model introduction by all the major OEMs could change this 
picture but it will also put significant burdens on their organizations in terms of time-to-market as well as 
profitability. This will put constraints on the OEMs at the same time that there is a requirement to rethink 
design and manufacturing as part of a broader digital transformation. 
 
INNOVATION & BUSINESS MODEL 

Accelerating digital transformation is an unanticipated consequence of the pandemic. In several surveys, 
the pace of change has been identified as significant. According to a McKinsey Global Survey of 
executives, companies have accelerated the digitization of customer and supply-chain interactions by 
three to four years and the share of digital or digitally enabled products in their portfolios has accelerated 
by seven years. KPMG commissioned a survey of 780 digital transformation strategy leaders and 67% 
said they have accelerated strategy and 63% increased digital transformation budgets. American cloud 
communications platform-as-a-service (PaaS) company, Twilio, surveyed 2,569 enterprise decision-
makers worldwide about digital transformation and found that Covid-19 had resulted in a six-year 
acceleration in digital transformation efforts across the board.  
 
Against this backdrop, together with the megatrends impacting the automotive industry, Informa Tech  
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Automotive Group (ITAG) and its partner, Tolaga Research, conducted research using digital content 
harvesting and natural language processing (NLP) techniques. The intent was to assess the accelerated 
adoption and impact of multiple technologies and their convergence with each other. The project set out 
to measure the attention and newsworthiness of key technologies and market factors that underpin the 
development and disruption of the automotive industry. The research focused on topics associated with 
Industry 4.0, smart manufacturing, and adaptive manufacturing. By looking at digital content going back 
to 2015 it was possible to create a topic attention index for the industry. Unlike a hype factor analysis, the 
index uses a quantifiable methodology to review web material over time, to track comparable 
technologies and consistently measure the level of attention.  
 
As seen in the following chart, using NLP to estimate the attention index based on key word rating shows 
a growing momentum for smart manufacturing. There was a definite uptick in 2020 and, clearly, the 
industry is recognizing the topic’s potential.  
 

 
 
The analysis showed that networking, connectivity, and digital transformation are consistently top 
attention drivers. Momentum drivers showcase technology rising stars measured by their growing 
semantic relevance across key industry topics. Analytics, AI, and robotics are consistently top 
momentum drivers. What the study concluded is that smart manufacturing attention is increasing but is 
still nascent (recognized but not engaged). Based on the analysis, it will likely take about two to three 
years for the industry to become fully engaged in smart automotive manufacturing. The continued 
convergence with each other of these additional technologies will act as an adoption accelerant. 
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This insight was confirmed in an early 2021 survey of EV development, from concept to manufactured 
product, conducted by Wards Intelligence for Hexagon’s Manufacturing Intelligence division.  The survey 
collected responses from 416 professionals, 64% in the Americas, 21% in Europe, 13% in Asia and 2% in 
the rest of the world. Of those surveyed, 25% were OEMs, 42% were from the traditional supply chain, 25% 
were consulting/engineering and 3% were autotech companies. 
 
Looking at the weighted average responses for smart digital transformation / manufacturing aspects of 
the survey, most results were in the range of 3 on a scale of 1 to 5, which indicates “I am aware of the 
technology shifts but not sure where it’s going and how to exploit it”. This is a very interesting situation, 
given it’s becoming apparent from announcements that the industry intends to move very rapidly on EV 
development and different types of smart manufacturing over the next 18 months.  
 
The industry has a rising awareness of the EV pivot challenge, even though the exponential reset and new 
operating realities are still emerging. The onset and impact of Covid-19 has forced the industry to rapidly 
reassess its traditional thinking around the supply chain. The business model for automotive, relative to 
electronics, has proven to be out of sync. There is a realization of the need to realign the forecasting 
models of the “just in time” approach to the realities of the semiconductor industry, because the chip 
suppliers have other customers in different industries competing for the same chipsets and, 
consequently, there is a requirement to hold strategic inventory.  
 
At the same time, the supply chain is being impacted by increasing partnerships and M&A that are driven 
by strategic intent and positioning, in both the EV and the ADAS/autonomous vehicle domains. New 
technology suppliers and vendors reflect the broadening automotive eco-system. Also, their role along 
the supply chain is shifting, with OEMs vertically integrating in an attempt to consolidate power and 
competencies. 
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Elmar Degenhart, Chairman of the Executive Board at Continental, said: ”After roughly a decade of fast, 
profitable growth and workforce expansion in line with the growth model of the automotive industry at 
this time, we are now gearing our operations to a new kind of growth with future technologies.”  
 
PIVOT CHALLENGES 

Looking at the biggest risks for the automotive industry as it pivots from internal combustion engines 
(ICE) to EVs, 47% of survey respondents indicated the biggest risk is failure to meet customer 
expectations, with 26% believing it is not meeting the necessary price point. Pure play EV companies 
winning market share are considered less of a concern, but this could be short sighted since the barriers 
to entry are significantly lower.   
 

 
 
“Other” comments from respondents fell into three distinct categories: the consumers’ interest in and 
acceptance of EVs, the ability of the electric grid to support EVs and the resultant CO2 issues, and the 
industry’s ability to be responsive and adjust its business models. 
 
The survey also looked at the greatest inefficiencies in EV development and manufacturing processes. 
No single inefficiency was indicated by respondents, but four elements clustered as the leading 
inefficiencies. These are design complexity and over engineering (38%), extent of collaboration with other 
OEMs (34%), extent of platform sharing across range of vehicles (34%), and supply chain (33%). 
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Since 2011, the automotive industry R&D spending has outpaced sales growth in both Europe and North 
America. Given the challenges of 2020 and the pressing need to pivot to EV production, there is increased 
pressure to make R&D more efficient and avoid falling permanently behind their competitors. The four 
areas of inefficiencies are most likely related to established ICE R&D practices, and the pivot to EVs 
provides opportunity to break away from old habits. 
 
There are some emerging technologies that could help OEMs address the costliest phases of a typical 
product creation process - the stages between the concept approval and the start of production. In a 
report by PWC Strategy&, it was estimated that 77 percent of the cost and 65 percent of the time spent 
was in this area. The technologies that are being applied include AI, virtual, augmented and mixed reality 
(VR/AR/XR), digital twin (DT) and additive manufacturing (AM). The exponential impact of these 
technologies is not in their singular application but in combination with each other, as well as existing 
tools and technologies such as multi-disciplinary/cross-functional computer aided engineering (CAE) and 
manufacturing simulation. This should allow companies to overcome EV design challenges by joining up 
fragmented development processes along the supply chain and bring together previously siloed 
disciplines to unlock a speedier innovation process. 
 
BARRIERS TO ENTRY 

As noted, the survey identified that the industry did not see pure EV players as a threat. It’s possible that 
the industry is about to get blindsided by third party players entering the market, outside of the traditional 
automotive supply chain, especially in China and Taiwan.  
 
Taiwan’s Hon Hai Technology Group, better known as Foxconn, and the prime manufacturer of Apple’s 
iPhone, has been positioning itself over the last 18 months to be a major resource to the automotive 
industry. Foxconn has built an open software and hardware platform for developing EVs called MIH and 
has attracted 1400 companies into its ecosystem since announcing the platform in November 2020.  
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Foxconn has also set up an operation with Chinese carmaker, Geely Holding Group, to provide OEM 
manufacturing  and customized consulting services for global carmakers and transportation companies. 
The company already has an agreement to manufacture 250,000 vehicles a year for Fisker for sale 
globally by the end of 2023. 
 
Other major tech players, including Huawei, Baidu and Xiaomi, are also entering the market and pouring 
tens of billions of dollars into research and development, design, and manufacturing. In the case of 
Huawei, it started hiring engineers for auto-related technologies in 2018, and will invest $1 billion in 2021 
on researching self-driving and electric car technologies. It has created the Intelligent Automotive 
Solution Unit with 5,000 employees, of which 2,000 are researchers focused on automated-driving 
technologies. It has announced that it will not manufacture cars but will partner with three automakers, 
initially, to produce self-driving cars that carry the Huawei name as a sub-brand, similar to how Intel calls 
attention to its chips in computers. Huawei’s intent is to be known as a combined Bosch and Intel of 
China, and be pervasive across the automotive industry. They are extremely active in patenting new 
technology in the areas of rapid charging, sensors, and LiDAR 
 
The shift from internal combustion engines to electric vehicles means that the barriers to enter the 
industry are significantly lower, because of 3 things: 

a. ICE technology, experience, best practice, tacit knowledge, and patents are not required. It 
could be said that the financial markets have already taken the write-down on this knowledge 
in the market cap valuations, even if the OEM balance sheets still reflect the assets. 

b. The established supply chain, which is built to deliver ICE components at scale, is redundant 
for over 90% of components in an EV world. 

c. The current market volumes for EVs are small and so mass production facilities have less 
strategic cost advantage. 

 
These business dynamics will test the industry structure because, without the burden of brown field ICE 
facilities that would need to be converted for EV production, new entrants have a greater variety of 
choice. They can focus on greenfield smart factories and they could partner with new autotech entrants 
such as Foxconn and leverage their MIH skateboard platform with its ecosystem of 1400 suppliers. Or 
they could collaborate with experienced contract manufacturers, such as Magna Steyr, who are working 
with Fisker and have shown their adaptability in working with multiple new players in helping Sony 
produce their concept car. 
 
SCALE  

The Model T was a world-changing car when it was first manufactured in 1908. The fact that, by 1915, it 
was being manufactured in 28 factories around the U.S., and in 14 factories and distribution points in 
Europe, Canada, Latin America and Australia, indicates that the car also heralded a transformation in 
mass production.   
 
The next evolution in automotive manufacturing was the “just in time” mechanism that originated at 
Toyota in Japan. The system was so effective that, by the late 70s, the number of cars produced by 
Japanese workers was roughly double those manufactured in the U.S. More significantly, the quality was 
better. 
 
Numerous automotive studies were conducted in the late 70s and early 80s about quality and 
productivity. The primary focus was on the inability of the U.S. OEMs to catch up to Japan on quality 
processes. The excuses were multiple: they didn’t have the right suppliers, facilities or processes, and 
that equipment was not equivalent; additionally, the mindset and training of the workers was different to 
that of Japanese workers. When Toyota built plants in the U.S. and out-produced GM and Ford, it became 
obvious there was a mindset issue amongst U.S. executives - they had a set way of thinking about things  
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that set limits on their business.  
 
In a May 2021 Wall Street Journal article, the headline was “Auto Makers Retreat From 50 Years of ‘Just 
in Time’ Manufacturing”. The key point was that the historically hyper-efficient “just in time” single 
supplier system had proven fragile to the pandemic, sudden swings in demand, freak weather, and a 
series of accidents. The massive investments in the current mass assembly systems means that it is 
impossible to replace “just in time” entirely, because the savings are too great. However, the industry is 
focusing on areas of greatest vulnerability and stockpiling critical parts, such as semiconductors. Ford’s 
CEO, Jim Farley, said that three decades in the car business hadn’t prepared him for 2020.  
 
The danger is that a similar mindset and lack of vision is now built around scale. The historically critical 
success factor of scale may not be the essence of the business model that will evolve and win in the near 
future. This vulnerability is compounded by China, where big tech players are moving into the market to 
build up smaller EV manufacturers. This is occurring in an environment where smart cities, 5G, 
Cooperative Intelligent Transport Systems (C-ITS) and EV are all government-backed growth initiatives. 
Change will happen faster, and, in today’s interconnected world, the lessons learned will not remain in a 
single geography for long. 
 
As an example of a different mindset, the U.K.- based company, Arrival, is creating highly automated 
“micro factories”, where its delivery vans, buses and Uber vehicles will be assembled by multi-tasking 
robots. The plants have a smaller footprint, around 10,000 square meters, which means a faster build 
time of about six months. The plants should be able to produce tens of thousands of vehicles per year 
and cost about $50 million, rather than the $1 billion or more required to build a traditional factory 
capable of producing hundreds of thousands of vehicles. The company is already building its second 
facility in the U.S., in North Carolina. 
 
The concept is to have a motorized platform that will carry unfinished vehicles among six different robot 
clusters, with different components added at each stop. The robots are programmed to not do just one or 
two tasks, but to handle a variety of jobs.  
 
In common with Tesla and Lucid, Arrival uses vertically integrated in-house technology, building its 
products from the ground-up, and dramatically reducing production costs. 
 
This vertical integration approach contrasts with the traditional approach and is reflected in the survey 
results. The survey explored the greatest risk to the EV supply chain’s success. Looking at the results, in 
terms of a weighted average between 1 (meaning strongly disagree) and 5 (meaning strongly agree), all 
the responses fell within the values of 3 to 4. One cluster of results was around volume, edging from 
somewhat to strongly agree. At 3.88, respondents saw the greatest risk to the EV supply chain’s success 
where the buyers cannot negotiate economies of scale due to low order volumes vs ICEs. A close second 
(3.86) was the concern that suppliers are not able to achieve the economies of scale. The third concern 
(3.84) is the ability to source the required volumes. 
 
Inconsistency of policy is seen as impacting volume and therefore scale and, combined with the lack of 
standards, makes the current tiered supply chain that is built for scale of standardized components 
ineffective and expensive. 
 
When looking at the results specifically for OEMs we see the concern is very clearly about availability of 
the required volume with a weighted average score of 3.93. This is closely followed at 3.91 with concern 
about the ability of buyers to negotiate economies of scale. The inconsistency of policy is clearly being 
acutely felt by the OEMs and in their eyes has a knock-on effect on the ability of the tiered suppliers to 
achieve the required economies of scale. This is undoubtedly a prime motivator for OEMs to look at in 
house vertical integration options. 
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Volume is the traditional OEM and supply chain leverage point. However, the rise of EVs poses a 
particular risk for auto suppliers. Major systems that are essential to ICE vehicles engines are absent 
from EVs that are fundamentally simpler in mechanical terms. Consequently, reduced numbers of 
components, using new technology, challenges rather than leverages the current supply chain structure. 
 
SMART MANUFACTURING TECHNOLOGIES  
 
Many of the existing and future ICE and EV production challenges should be addressed and solved by 
smart manufacturing, including additive manufacturing techniques. Today this technology is still 
considered niche and bleeding edge, but it is rapidly evolving and being productized which should lead to 
greater autonomy and efficiency in plants, and throughout the evolving supply chain. 
 
Smart manufacturing leverages digital technologies to deliver improvements in productivity, quality, 
flexibility, and service. There are three underlying digital technologies that, when combined, enable the 
smart factory. The first is connectivity which, combined with industrial IoT, enables the monitoring and 
control of equipment and sensors. When the network is linked to the second technology, intelligent 
automation including advanced robotics, machine vision, distributed control, and drones, an 
interconnected fabric of data is created. This can be processed and leveraged using the third technology 
cloud and edge compute, which allows pervasive data management and analytics at scale. 
 
These digital technologies enable information technology (IT) and production facility operation 
technology (OT) convergence to support end-to-end digital continuity from design to operations, the areas 
referred to earlier as representing the most time and cost consuming aspects of product development.  
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AI is emerging as a catalyst technology for smart manufacturing and for linking the world of development 
with manufacturing. This is happening in several ways: one of the most significant is AI applied to cloud-
based simulation software to allow global teams to reduce the efforts of OEMs during lab testing and on-
road testing for new products and technologies, especially related to developments of EVs and 
autonomous vehicle development. 
 
What will undoubtedly become the most profound application of AI is in combination with a digital twin of 
the vehicle. This provides the global engineering teams real-time access to a virtual representation of the 
constantly evolving product and allows the simulations and predictive analytic tools to be applied 24/7 
throughout its lifecycle. 
 
Another emerging area of application is the use of AI simulations with virtual and augmented reality, to 
allow non-engineering teams to be engaged early with design insights on product concepts. Where this 
has proved to be useful is in creating a digital twin of the proposed production process of the vehicle, and 
allowing plant workers, planners and designers to create and simulate the assembly layout and process. 
 

 
 
The application of these technologies is not just theoretical, as automotive manufacturing is currently in 
transition. Volkswagen is retrofitting its Zwickau, Germany, plant for BEV production, and has increased 
the automation on its assembly line from 17% to 28%. GM is creating Factory Zero for BEV production at 
its Detroit-Hamtramck Assembly Center. The facility hopes to use advanced technology and tooling 
focused on sustainable manufacturing.  The new Mercedes-Benz Factory 56 in Sindelfingen represents 
an investment of $864.3 million, and serves as a showcase for smart, digital production including a 
private 5G network from Telefonica.  The BMW group is driving Industry 4.0 modernization by digitalizing 
its systems via these key technology clusters: smart data analytics, smart logistics, innovative 
automation and assistance systems, and additive manufacturing. 
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In the survey, we tested the level of engagement and commitment to investment in smart manufacturing 
and industry 4.0 strategies for EVs. What we found was that 48% of respondents expect to invest more in 
smart manufacturing and Industry 4.0 strategies, while 23% are sticking with their current investment 
levels and 25% have no plans. 
 
Looking at little deeper into the data on those respondents that have no plans, we found that it was Tier 1 
or Tier 3 auto suppliers which was the higher number. We also found that the number of U.S. respondents 
(28%) was higher than Asia or Europe. In addition, 41% of those companies that were less than $50 
million in revenue said that they did not have a plan.  
 
 

 
 
The survey looked at where automotive OEMs are optimizing their engineering and manufacturing 
processes toward Industry 4.0, as they move from ICEs to EVs. The survey detailed several approaches 
and asked respondents to indicate their organization’s plan to invest. Overall, every approach will see an 
increase in investment due to new EV requirements. 
 
On a weighted average basis, where 5 denotes significantly increasing their investment and 1 is 
significantly reducing their investment, we see that all the responses fell between 3.11 and 3.23.  The lack 
of a standout investment area of focus indicates the industry’s conviction to advance all areas in unison. 
As has been referenced earlier, increasingly the modeling, simulation and other process areas are being 
linked to integrated PLM systems, digital twins, and AI. 
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CONCLUSION 

Automotive megatrends continue to evolve, but the last 16 months has seen the trajectory of 
electrification accelerating. The survey confirms the industry is on the threshold of change with the OEMs 
and supply chain trying to adapt to this change. The challenge OEMs face is that there are different types 
of business model and new production developments emerging in Asia, Europe, and the U.S. that pose a 
significant threat. The elimination of ICE barriers means more tech players are entering the market and 
both new and existing EV players are exploring new options to address the EV challenges of range, price 
and charging. 
 
The walk-away is that, even though OEMs and their supply chain are looking at new processes and tools, 
the ICE economies of scale mindset may limit thinking and inhibit adoption of successful EV approaches. 


	the Electric Vehicle Pivot
	why smart manufacturing, not scale, may be the key to success
	a TU Automotive white paper produced for Hexagon
	AUTHOR: STEVE BELL, PRINCIPAL ANALYST, ITAG Informa Technology Automotive Group
	Informa Tech Automotive Group
	White Paper

	Executive Summary
	Current situation
	Innovation & Business model
	pivot Challenges
	Barriers to entry
	Scale
	Conclusion

