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Paolo Guglielmini, President of Hexagon’s Manufacturing Intelligence division

A period of 
unprecedented change

The transition to electric vehicles (EVs) is causing the automotive 
industry to undergo a seismic shift equivalent to the 19th century 
transition from horse-drawn to motorised transport. It took 100 years of 
engineering evolution to produce the quality and reliability of fossil-
fuelled vehicles we experience today. Yet EVs are being fast-tracked to 
meet tough deadlines with COP26 seeing 28 governments declaring they 
will work towards all sales of new cars and vans being zero emission by 
2040, and Jaguar Land Rover, Bentley, Cadillac and Volvo pledging to 
go fully electric within this decade. Achieving this high-speed evolution 
requires a parallel revolution in the digitalisation, automation and 
integration of automotive development and manufacturing. 

Living up to the lofty vision of an ethical and environmentally-friendly 
automotive industry means moving beyond simply eliminating 
tailpipe emissions to creating lighter, more sustainable materials and 
manufacturing methods. Emerging smart manufacturing approaches are 
vital to bring these innovations to market within demanding deadlines, 
while remaining profitable.

The fusion of software, electronics and automotive is disrupting 
traditional manufacturing and compelling automotive Original 
Equipment Manufacturers (OEMs) to collaborate and compete with new 
players from outside their industry. They now face new competition 
from tech-native software and electronics companies such as Foxconn 
and Apple and pure-play EV start-ups. The need for cross-system 

The automotive industry is caught between bottom-up consumer expectations and top-down 
political pressure for more sustainable EVs, and it’s driving unprecedented urgency and the need 
for rapid innovation to address concerns over everything from range to battery safety. 
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integration of complex software and electronics features requires 
closer collaboration between suppliers and manufacturers. Suppliers 
will increasingly be tasked to build entire systems instead of parts while 
manufacturers such as BMW and Ford are automating and vertically 
integrating production for key systems. More integrated and in-house 
production would reduce supply chain vulnerabilities from pandemics to 
competing demands for parts from consumer electronics customers. 

There is also risk attached to introducing suppliers during the pivot 
to electrification – Hyundai recalled 82,000 unsafe batteries from an 
external supplier, and EV manufacturers have paused production due to 
semiconductor shortages that continue to plague production.
The resulting need for vertical integration poses a fundamental 
challenge to the entire OEM manufacturing model, equivalent to the 
1970’s shift to ‘just in time’ manufacturing. Speed will increasingly 
replace scale as the key success factor in automotive manufacturing. 
‘Just in time’ manufacturing of standardised parts will be replaced 
by tightly-coupled development and manufacturing of customised 
parts. These agile, adaptable automotive supply chains will prepare 
the industry to respond to changing circumstances and bring new 
innovations to market at speed. Innovators such as Arrival are already 
compressing automotive production into six months on a 10,000 square 
metre site. The key is a digital thread that interlinks previously separate 
processes and professions so that they can apply data to create complex 
vehicles efficiently with small teams and multi-functional robots in small 
distributed facilities. 

Market incumbents will have less advantages in the new industry 
because making EVs does not require mass production facilities, internal 
combustion-era supply chains, processes, practices and patents. 
Instead, the winners will be those that can compress development 
into a single, fast and efficient process so that each part is created 
in combination with all the others for everything from cost to carbon 
efficiency. Drawing on insights from over 400 respondents across OEMs, 
Tier 1, 2 and 3 suppliers, this report examines the challenges facing the 
industry and the roadmap to a zero-emissions future.  

Our original research reveals that the inability to reach economies of scale or source the 
required volumes from suppliers pose major risks to the current supply chain model. Tiered 
trans-national supply chains designed to bulk-produce standardised parts are also being 
rendered redundant by a globally inconsistent patchwork of policies and standards. We saw a 
precursor to these threats when COVID-19 trade restrictions disrupted EV supply chains. 
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Dr Luca Castignani, Global Automotive Leader for design and engineering, 
Hexagon’s Manufacturing Intelligence division

Innovation is the key 
to success

The electrification and digitalisation of transport is accelerating innovation in automotive 
design, materials, the drive for smarter manufacturing, and the consolidation of supply 
chains and standards. EV manufacturers face the daunting technological challenge of 
delivering a step-change in technology integration and sustainability, while delivering 
parity of price and performance with internal combustion engine vehicles (ICEs). 
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EVs need to overcome high hurdles to mass-market acceptance 
including price reduction, range anxiety and battery safety 
challenges. This will require radical new engineering innovations 
to extract more performance from less and lighter materials, while 
reducing noise and delivering automotive-grade reliability. 

For example, microscopic changes to the machining of the gears 
in an EV transmission can deliver a significant improvement 
in efficiency and dramatically reduce the weight of acoustic 
insulation needed to reduce the noise it creates.
On the surface, EVs are simpler to build than ICEs because they 
contain fewer moving parts, yet paradoxically their design can be 
more complex as they are less mature and well understood. 

For example, the Tesla drivetrain has about 17 moving parts 
compared with about 200 in a conventional ICE drivetrain, 
yet achieving simplicity and innovation can require complex 
engineering. Furthermore, competing demands for profitability 
and sustainability mean that EVs require more joined-up 

development to understand how each component collectively 
affects everything from the cost to the weight of the vehicle. As 
an industry, we are writing a new rulebook for automotive design 
with exciting opportunities for innovation, whilst simultaneously 
evolving the safety, security and electrical standards that had 
provided a benchmark for development. 

EVs can be made from less components, but those new electric 
and electronic components may exist outside the conventional 
automotive supply chain, adding further complexities to the 
procurement and assembly challenges of the COVID-19 pandemic. 

The growing integration of software and electronics features 
exacerbates the already complex web of systems in the vehicle, 
and automotive OEMs must now move from ‘mechanics-first’ 
design to creating integrated digital experiences like the 
consumer electronics companies that are entering the market. 
Furthermore, consumers expect EVs to be environmentally 
sustainable as well as zero-emissions, so there is pressure to 
innovate for recyclability, for reuse or to replace the unsustainable 
materials used in batteries and motors.

The need to increase control over the quality, resilience and 
environmental impact of diverse cross-sector supply chains 
requires manufacturers to vertically integrate production by 
digitally integrating manufacturing. OEMs such as Volkswagen, 
Volvo, BMW and Porsche are already bringing the production of key 
components in-house and are forming new alliances. Exploiting 
the gap between competing goals such as cost and sustainability 
will require all parts to be considered as a ‘system of systems’, 
providing greater insight into engineering and manufacturing 
outcomes in the early stages of design. This will drive new types of 
supply chain collaboration and greater sharing of information and 
goals. The need for new capabilities in everything from Advanced 
driver-assistance systems (ADAS) to cybersecurity is also creating 
demand for new skills and services, be that hired or outsourced.

This report examines the engineering, sustainability and supply 
chain challenges to mass acceptance and adoption of EVs. 
The findings expose the causes of the ongoing gap in price and 
performance between EVs and ICEs and the challenges related 
to fragmented supply chains. It illustrates the urgent need for 
new cross-industry standards, supply chain co-development, 
collaboration, integration of data and interoperability of tools and 
technologies, for OEMs and suppliers to accelerate development. 
Our findings highlight the imperative for a sustainable sea-change 
in the design of vehicles and material use to create sustainable 
vehicles built for a circular economy. 

They highlight how an increasingly diverse ecosystem of suppliers 
and components creates a new imperative for a radical rethink 
of manufacturing processes, standards and business models to 
allow more integrated and innovative EV development. Just as 
connectivity made the world smaller, smart manufacturing looks 
set to compress automotive production and deliver radical cost 
and time to market improvements for those that can adapt. 
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This report provides insight and analysis based on a survey of 416 automotive 
industry professionals working for OEMs and Tier 1, 2 & 3 suppliers and 
research into the evolving automotive supply chain and the emergence of new 
manufacturing models associated with the shift to electric vehicles. 

This snapshot of EV development from concept to manufactured product 
considers the opportunity for innovation, the new challenges today and how the 
industry is adapting to the huge disruption in automotive engineering practices 
and supply chains to deliver successful EVs in less than half the time it takes to 
deliver an ICE vehicle at a comparable price point and quality. 

It confirms that the industry is in the midst of a sea-change in new product 
development and manufacturing processes from materials, powertrains, 
batteries and fuel cells to saleable EV. As OEMs and the supply chain adapt to the 
dynamics and consequences of the technology convergence and megatrends, 
they are struggling with the scale and speed of the change necessary. Read this 
report to explore some of the most pertinent issues, as manufacturing rapidly 
transforms to stay ahead of EV disruption.

Access the latest insights and developments at: 
https://go.hexagonmi.com/RechargeEV

* Methodology, data collection and analysis by Informa Engage, on behalf
of Wards Intelligence and Hexagon using a methodology that conforms to 
accepted marketing research methods, practices and procedures

Executive summary
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Research findings confirm that EV manufacturers face 
severe technological barriers to matching the price 
and performance of ICEs and, as a result, reaching 
the tipping point of mass consumer acceptance and 
adoption. 

Industry respondents believe 
we will not see EVs reach price 
parity with ICEs until 2026-8 at 
the earliest.

Continuing concern over price is 
reflected in EV investment priorities, 
with respondents reporting that 
price reduction is among the three 
EV design objectives attracting 
increased investment. The only way to 
resolve conflicting demands for price 
reduction, profit increase and longer 
range is through greater manufacturing 
innovation and efficiencies across the 
sector.

The bumpy road to 100% EV adoption

The innovation 
opportunity

The higher purchase price of EVs has been consistently found to be the biggest 
barrier to mass-market adoption. Successive polls show that higher purchase 
prices mean consumers are not ready to transition to EVs in time for the planned 
phase-out of diesel and petrol vehicles. This is at a time when more than 20 
countries have already pledged to phase out fossil-fuelled vehicles. 

This report shows that most automotive industry respondents believe we will not 
see EVs reach price parity with ICEs until 2026-8 at the earliest. In Europe and the 
Americas, 36% do not believe prices will match until beyond 2028. This is despite 
47% confirming that upfront costs are the greatest threat to consumer adoption 
and that not meeting the necessary price point for the consumers is among 
the biggest obstacles to transition from fossil-fuelled cars. 60% are increasing 
their investment in EV price reduction (see Figure 1) with strong progress, but 
prolonged market uncertainty due to the COVID-19 pandemic and low production 
volumes are keeping costs high. With six countries having already committed 
to ban all fossil fuel vehicles by 2030, this indicates that efforts to reduce EV 
manufacturing costs may not meet political deadlines to decarbonise transport. 
Higher upfront costs combined with higher EV insurance premiums and unequal 
access to charging infrastructure have the potential to create transport 
inequality and harm consumer perceptions. 

This is in some ways a ‘Catch-22’ because high vehicle prices reduce demand, 
which in turn keeps prices high; the findings reveal that buyers are unable to 
negotiate and suppliers unable to achieve economies of scale due to low EV order 
volumes. Similarly, carmakers are caught between conflicting consumer demands 
for improved range and lower costs. Respondents report that range anxiety is 
also among the biggest barriers to consumer adoption alongside ‘initial cost’, yet 
longer-range batteries contribute significantly to that vehicle cost. Companies 
must also balance the imperative to reduce price with the need to improve 
profitability as respondents cited either ‘reduced profit margins’ or ‘not meeting 
the price point for customers’ as among the biggest risks to the transition from 
ICE to EV. This is reinforced by independent analysts who found that most OEMs 
are only now seeing the potential for profit from EVs due to the higher cost of 
development.



Investment in EV design objectives
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The EV design objectives with increased investment are improved range (84%), price reduction (60%) 
and performance (58%).

Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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Figure 1
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Batteries are the single most 
expensive car component yet 
powertrains account for up to 
51% of the cost of EVs, so there 
are clear opportunities for 
efficiency savings elsewhere in 
the manufacturing process. 



Innovations in EV batteries
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Nearly three-fourths (74%) of respondents expect remote battery health monitoring and control to be 
introduced by 2025. 73% expect the next innovation to be introduced will be ultrafast charging by 2027.

Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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Batteries are the single most expensive car component yet powertrains account for up to 51% of the cost of EVs, so there are clear 
opportunities for efficiency savings elsewhere in the manufacturing process. The findings also confirm that range anxiety remains a 
persistent challenge for the EV industry with more money being invested in ‘improving range’ than any other design objective.  Over 80% 
of respondents across APAC, EMEA and the Americas have all increased investment in range. 

This is reinforced by consumer polls that demonstrate that EV range features first and foremost of all the factors in consumer buying 
decisions. This is reflected in the fact that batteries have seen the biggest increase in investment of any EV technology, while 62% of 
industry respondents believe breakthrough battery technology will play an important role in enabling electrification. Battery health 
monitoring, fault detection and end of life prediction capability in battery-equipped systems are critical to warranty and maintenance 
planning and safety and adaptive control systems that account for the loss in vehicle range, and loss in battery charge and discharge 
efficiency. 73% of the industry expect to see remote battery health monitoring and control to be available by 2025.

Yet bigger and higher performance batteries also drive up already challenging EV prices for consumers,  so there remains an imperative 
to improve EV range while controlling costs by slimming down elsewhere in the vehicle. The key is to scrutinise the weight and 
performance of all systems. 

For example, 46% of respondents reported increased investment in new materials for EVs. Integrated computational material 
engineering (ICME) now enables manufacturers to find the optimal weight-performance ratio of materials for every car part. Model-
based systems engineering can examine both the mechanical and electromagnetic design of a motor to find combined opportunities 
for light weighting across multiple components. New smart manufacturing approaches allow the powertrain, interior, body-in-white and 
even battery pack to shed weight without sacrificing performance and quality. 

There is a need for effective co-simulations that combine previously separate tools simulations of vehicle dynamics and with siloed 
disciplines such as power electronics to ‘test-drive’ concept cars in real-world road conditions and extract extra range from tweaks to 
everything from the suspension to the energy-efficiency of the inverters. Incremental changes to the way the gears in a transmission 
are machined can significantly improve the efficiency with which power is transferred from the motor and increase range. Some 
carmakers are similarly increasing EV range by using advanced model-based systems engineering to create more efficient powertrains. 
Digitalisation and integration of design, testing and engineering would enable everything from materials selection to machining of 
parts to be optimised for greater range at design stage. The resulting insights are now being captured and cross-pollinated across 
departments and divisions to drive sector-wide improvements in weight and range. 

Figure 2
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Range anxiety also means that concerns over the speed and 
spread of charging infrastructure increasingly feature among 
major barriers to consumer adoption. Research has shown ‘time 
anxiety’ emerging as a key metric for EV adoption and the industry 
is responding with ‘faster charging’ emerging as the second 
biggest EV investment priority (see Figure 3). Wireless charging 
could be a potential solution to these challenges, yet 30% of 
respondents expect wireless charging will not be available until 
2030.

A key solution is to create batteries that can be reused, recycled 
or repurposed. ‘Hot-swappable’ batteries would combat concerns 
over refuelling speed and battery degradation and recycling 
batteries would also create a sustainable ‘circular economy’ 
of batteries that reduce reliance on raw materials over time. 
Yet despite growing concern over the sustainability of battery 
materials, the research reveals low confidence that swappable 
batteries will proliferate in the near future despite interesting 
developments in China and renewed interest from Renault. 

The central challenge is that EVs are still designed with a ‘cradle 
to grave’ mentality. The only way to reduce the massive material 
consumption of EVs and alleviate concerns over depreciation is to 
design long-lasting components that can ultimately be swapped, 
recycled or even repurposed for entirely different industries. 
Integrating design and engineering of materials enables batteries 
and other car parts to be designed for durability, reuse and 
recyclability at concept stage or even built with high-performance 
recycled materials. 

Full foresight of the environmental footprint of materials from 
metals to plastics means that vehicles can be created to reduce 
everything from rare-earth metal mining to plastic pollution 
across their lifecycle. Simulation software can predict the optimal 
mix of material ingredients to achieve a long life-span and 
withstand heavy usage or harsh road conditions.
The use of smart manufacturing technologies to eliminate 
inefficiency and boost productivity will be key to curbing 
development costs. More joined-up, data-driven design and 
development would enable designs to be rapidly optimised for 
everything from simplicity to cost efficiency and whole-lifecycle 
cost or complexity to be considered upfront. 

Design for manufacturability enables new innovations to translate 
from concept to car at unprecedented speed. Respondents note 
that the single biggest current development and manufacturing 
inefficiency is design complexity and overengineering. This is 
reinforced by independent analysis from McKinsey indicating 
that carmakers could reduce EV costs by $5,700 to $7,100 through 
design simplification and ‘decontenting’ paired with a dedicated 
EV platform. 

Overengineering is symptomatic of systems designed in isolation 
for specific features without understanding the need to balance 
wider competing priorities such as cost and comfort. Silos 
between the design and engineering functions also impede 
Design for Manufacturability and allow vehicles to be conceived 
without foresight of all the desired capabilities and production 
constraints. 



Investments the past 2 years
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The technologies seeing increased investment by a majority of respondents are batteries (88%), faster 
charging (80%), software (58%) and connectivity (58%).

Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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A digital thread connecting design and engineering of all 
parts enables manufacturers to predict the impact of 
changes to individual parts on collective weight or cost and 
strip out unnecessary complexity at design stage. Making 
all manufacturing data available upfront means design 
teams can easily estimate the simplest combinations of 
materials and manufacturing methods needed to achieve 
desired features at concept stage. Digital integration of 
design, engineering and testing allows teams to experiment 
with ways to extract maximum performance from minimal 
materials. 

Automated in-line measurement can then enable production 
to be autonomously refined within design parameters during 
assembly to identify and eliminate later inefficiencies. In-
line metrology enables real-time quality-checking of parts 
for safety in production and creates feedback loops for 
automatically self-correcting production processes. Many 
carmakers are similarly introducing a comprehensive virtual 
design process to optimise electric drivetrains for cost 
efficiency from concept selection to completion, eliminating 
inefficiencies in virtual reality to enable ‘first time right’ 
design. The ability to build fully-fledged virtual prototypes of 
vehicles to ‘test-drive’ and optimise vehicles in simulation is 
also crucial to streamline and simplify designs. 

Integrating these tools would help integrate design, 
engineering and testing and enable carmakers to cohesively 
design, refine, test and measure parts for simplicity and 
efficiency before the first car hits the road.

Figure 3

Carmakers could reduce 
EV costs by $5,700 to 
$7,100 through design 
simplification and 
‘decontenting’ paired 
with a dedicated EV 
platform."

- McKinsey Center for Future 
Mobility
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Case study: Odin project 
reduces eDrive design 
complexity and cost

Reducing EV cost requires fresh thinking. There is an opportunity 
to reduce the cost of components, to look beyond the 
conventional supply chain and reduce complexity. Balancing 
competing objectives such as sustainability and cost requires 
OEMs to consider how each part affects the performance of the 
whole earlier in model development. 

The EU-funded ODIN project set out to reduce cost of highly 
efficient electric vehicles (EVs) and enable sustainable 
manufacturing to automotive quality standards. A consortium 
including Renault, Bosch, GKN and Hexagon powertrain 
engineering specialists took a radical new approach to create 
more cost and energy efficient EVs by designing powertrains as a 
‘system of systems.’

The partners worked to integrate previously separate mechanical 
and electrical components at the design phase to explore new 
possibilities for compact cost-effective EV drivetrains. The aim 
was to radically reduce cost through smarter integration of 
the gearbox, motor and electronics without compromising on 
durability. This meant balancing the conflicting requirement 
to make the drive more compact without compromising on the 
torque capability, and it required the consortium rethink how the 
drivetrain was designed by integrating and validating all parts in 
the design phase. 

The project collaboration was underpinned by a specialised 
drivetrain simulation suite in which the multi-disciplinary team 
could virtualise, validate and connect the parts into an optimised 
virtual prototype before the first physical drivetrain was produced. 
This ‘whole system’ approach was critical – it was only by analysing 
the contribution of the gearbox and the motor when connected 
to the entire e-powertrain that the team could reduce Noise, 
Vibration & Harshness and identify the quietest combination of 
gear and motor.  The effect of everything from gear transmission 
error to torque ripple was analysed through simulations. 

Greater integration 
of manufacturing 
disciplines

The consortium was able to develop an innovative single cooling 
circuit design that reduced design complexity.

This approach enabled the vertically-integrated consortium to 
refine thousands of concepts down to just three promising gear 
designs and four motor designs before committing resources to 
more detailed validation processes. Concept iteration with early-
stage simulations and analysis dramatically reduced design 
time. The new drivetrain delivered a 30-40% cost reduction over 
conventional powertrain designs and powered the Renault Zoe, 
the first car designed for mass production solely as an EV. 

The project demonstrated how supply chain collaboration 
enables a competitive edge and virtual prototyping can bring 
siloed disciplines together to accelerate time to market for 
eMobility innovations. 
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Respondents also identify a lack of 
collaboration and sharing of platforms 
among OEMs as among the top three key 
drivers of manufacturing inefficiency. 
43% of respondents in the Asia Pacific 
region cite lack of platform sharing 
among OEMs as the greatest inefficiency 
in manufacturing while 37% of those in 
Europe cite both this and the extent of 
collaboration with other OEMs as causes of 
inefficiency. 

This is supported by independent analysis 
demonstrating that sharing dedicated 
EV platforms among OEMs is critical 
to reduce collective EV costs until the 
industry reaches maturity. Volkswagen is 
developing a multi-purpose EV platform 
that is being shared with other carmakers 
to reduce sector-wide manufacturing 
costs. This demonstrates how cross-
industry design standardisation and 
collaboration could ensure each individual 

innovation reduces costs and prices across 
the sector. 

The central thread running through these 
challenges is the imperative for greater 
integration of manufacturing disciplines, 
tools and technologies across companies 
and even sectors. This would fuel early-
stage innovation and forward-thinking, 
efficient designs optimised for everything 
from cost efficiency to recyclability.



59% of industry respondents believe hydrogen fuel cells are an essential component of future 
transport. Fuel cell electric vehicles (FCEVs) have long been seen as a key ingredient in the future 
transport mix because they could plug the performance gaps between battery electric vehicles 
(BEVs) and ICE vehicles, thereby aiding the decarbonisation of vehicles with different range 
requirements. FCEVs are particularly beneficial for commercial fleets because of their superior 
range and refuelling speed. Hydrogen can also be stored in refuelling stations, enabling 24-hour 
on-demand refuelling independent of gas pipeline infrastructure. 

Automotive OEMs increasingly see the potential for commercial hydrogen fleets as a fuel 
of choice for heavy duty and long range transport. Industry leaders such as Renault say that 
hydrogen will soon play a key role in commercial vehicles on fixed routes or closed networks. 
Toyota is developing hydrogen fuel trucks, while fellow advocate Hyundai has just suspended 
its nascent next-generation fuel-cell system for automotive and air mobility systems. Hydrogen 
is already increasingly used in mass transit vehicles and aircraft. The importance of hydrogen is 
reflected in these findings, where 57% believe hydrogen will become the energy source of choice 
for commercial vehicles by 2030.

The supporting energy grid is also being built with 320 green hydrogen production demonstration 
projects already underway. The European Commission predicts hydrogen will supply 14% of 
EU energy by 2050, while global investments are projected to soar from 3,2 GW to 8,2 GW of 
electrolysers by 2030. Green hydrogen could create a €10 trillion addressable market for utilities 
alone and supply 25% of the world’s energy by 2050. The hydrogen fuel cell vehicle market size 
was valued at $651.9 million in 2018 and is projected to reach $42,038.9 million by 2026.

Yet hydrogen vehicle development still lags behind batteries due to concerns over safety, 
particularly the risk of gas explosions, cost and hydrogen infrastructure. FCEV engineering costs 
are often 3-5 times higher than BEVs due to the complexity of compliance with rigorous safety 
regulations. There are also concerns over the weight and excessive material consumption of car 
parts.

The key is to digitally integrate and simulate design, production, testing and inspection of parts 
so that safety and sustainability can be ‘baked in’ at every stage. Faurecia recently created 
lightweight, hydrogen storage systems for Stellantis using lightweight carbon fibre-reinforced 
polymer (CFRP) materials designed to strike the optimal balance between energy efficiency and 
safety. Digital twins that predict the behaviour of a structure in real-world conditions can now 
be used to find the optimal mix and arrangement of carbon fibres to reduce weight and achieve 
the safety performance a metal hydrogen tank. Computed tomography (CT) analyses enable 
detailed non-destructive testing of fuel cells to assure quality, safety and compliance. Increased 
exploitation of Multiphysics simulation, non-destructive inspection and the virtualisation of 
physical manufacturing processes is helping overcome high development costs to enable 
innovation and validate FCEV system safety before the prototypes are built.

What is Hydrogen’s 
role in EVs?

16



Material matters – 
The role of ICME

Integrated Computational Materials Engineering 
(ICME) dramatically lowers the barriers to innovation 
by enabling the end-to-end design, engineering 
and testing of new materials to be simulated. This 
allows manufacturers to create the optimal mix of 
manufacturing processes and material ingredients for 
any product in the design phase.

It enables more efficient and effective EVs by allowing 
designers to consider the impact of new materials on 
everything from performance to carbon efficiency and 
regulatory compliance at design stage. This can help 
manufacturers predict whether any combination of 
materials will come together to create cost-effective 
products, driving blue-sky thinking within budget limits.  
Simply optimising how composites are used will save 
manufacturers an average 22.5kg material waste per 
vehicle, so there's a huge opportunity to reduce waste 
and enable more efficient transport.

Materials, manufacturing and part performance can 
be considered in conjunction at concept stage to help 
manufacturers replace conventional materials with 
more cost-effective, sustainable or high-performance 
alternatives. For example, design teams could draw on 
a global pool of materials data within their organisation 
to find light, low-cost replacement materials for 
everything from gears to motors that deliver equivalent 
price and performance. In addition, materials and 
manufacturing methods can be digitally blended to 
maximise performance for minimal material usage.

Materials data and models can be seamlessly shared 
between suppliers and end-users to allow OEMs greater 
control over quality and foster cooperation between 
manufacturer and supplier. ICME digitally integrates 
every stage of materials development to provide a 
rich pool of materials data for Artificial Intelligence 
systems to drive the optimisation of material selection 
and manufacturing processes. This enables designers 
to identify simplification and streamlining of designs, 
reduce waste and overengineering and develop 
alternative materials to meet cost and sustainability 
targets.

Using the ICME approach in an ecosystem connects 
material development with product development. 
Creating digital material twins and drawing on material 
intelligence will bridge the gap from materials to 
products.    

17



opportunities simply for lightweighting and cost reduction by 
replacing metals with materials that suppliers can share with 
detailed material cards that are rigorously tested and can be 
embedded in Computer Aided Engineering workflows.

Material suppliers are now sharing this valuable material data 
for recycled plastics with customers, so that they can swap 
out virgin plastics such as polyamides that are derived from 
oil and significantly reduce such environmental impacts as 
carbon emissions, water consumption, and energy use. This is 
only possible by giving engineers the ability to validate all key 
performance criteria (fatigue, NVH, crash) in rigorous applications 
and increasing the availability and application of life cycle 
analysis data that affects durability and sustainability. 

There is also a key opportunity for greater recycling and 
repurposing of batteries to progressively reduce reliance on 
rare-earth metal mining through a circular economy of metals. 
Over half of industry respondents in the Americas regard a lack 
of recyclable battery materials, programmes and infrastructure 
as the major obstacles to achieving sustainable EVs. A lack of 
recyclable battery materials is identified as the second biggest 
barrier to achieving more sustainable EVs and battery reuse and 
recycling is listed as the third most critical factor in enabling 
global automotive electrification (see Figure 4). This would also 
help create markets in secondary sales and services of batteries 
to offset the loss of other automotive aftercare services due to 
the lack of part wear and replacement in EVs.

The central challenge is that batteries and other car parts are 
built on short-term thinking because individual EV materials are 
chosen or created without sufficient foresight of their role over 
the vehicle lifecycle, including recyclability or future applications 
such as grid energy storage.
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The sustainability promise of EVs

Respondents pinpoint sustainability as a key design challenge 
for EVs with almost 40% increasing investment in sustainable 
designs with a similar proportion across all four regions surveyed. 
This reflects the reality that, despite EVs eliminating tailpipe 
emissions, they also produce a ‘long tail-pipe’ of increased 
demand for electricity and energy-intensive materials. 

Respondents identify a lack of alternatives to rare-earth metals 
for batteries as the major obstacle to achieving more sustainable 
EVs, while 39% also cite the cost and availability of sustainable 
energy. This is reinforced by research demonstrating that an 
average EV’s CO2 emissions advantage declines in proportion to 
the sustainability of its power supply, while there is a risk that 
rare-earth metal mining for batteries means EV manufacturing 
can require more energy and emit more CO2 than for ICE vehicles. 
Batteries are also cited as the biggest opportunity to reduce 
weight in EVs demonstrating that the use of less or lighter battery 
materials would also improve the energy-efficiency and reduce 
the electricity use of the car. 

The energy-intensive process of mining and refining rare-earth 
elements for batteries means that EVs have to travel almost 
50,000 miles before their carbon count falls below that of an ICE. 
The manufacturing-phase carbon footprint of the automotive 
industry could therefore actually increase in parallel to the 
decarbonisation of transport with demand for the key metal and 
main material ingredients of batteries projected to increase from 
200,000 to 7,100,000 tons by 2030 if no effective alternative is 
used throughout the industry. This creates a growing risk that 
EVs are shifting the automotive industry’s carbon footprint from 
consumers to carmakers, creating cleaner streets at the expense 
of more carbon-intensive supply chains.  

While rare-earth metal production increases global CO2 output, 
mining other materials traditionally used in EVs such as nickel, 
cobalt, and graphite not only causes ecological, but also social 
harms. With consumers becoming increasingly ethically and 
environmentally conscious, reliance on these materials for 
batteries could hamper public acceptance and adoption of 
EVs. There are abundant opportunities to reduce their usage in 
batteries or by replacing parts such as motors with alternative 
materials. Yet just 15% of respondents believed that reduced 
reliance on rare-earth metal motors is key to enabling automotive 
electrification. This is surprising given the significant cost of rare-
earth metal for motors and the sustainability implications, but 
the benefits of rare-earth motor performance remain significant 
and reducing the much larger quantity of problematic rare-earth 
metals in batteries is likely a higher priority.

Optimising the choice of materials and how they are processed 
offers significant potential to improve the sustainability of EVs. 
New ICME technology allows limitless iterations of materials to 
be created and characterised virtually to dramatically reduce 
the barriers to materials innovation. Today, there are huge 

RUBICON project 
explores ‘whole lifecycle’ 
environmental footprint 
of EVs



A disconnect between design and manufacturing produces 
a parallel gap between the design of individual parts and the 
overall manufacturing vision. A failure to integrate materials 
data from siloed manufacturing processes also hampers OEMs 
from identifying and sharing best practices and secondary 
purposes for different battery materials to support third-party 
recycling facilities. Integrating materials engineering, design and 
manufacturing can enable manufacturers to optimise material 
microstructures for everything from durability to recyclability at 
design stage. The Near-industrialised microstructure modelling 
for metals can enable manufacturers to use Finite Element 
Analysis to predict how hard metal parts will behave under real-

world conditions in their first and ‘second life.’ A material-centric 
digital twin of the entire end-to-end manufacturing line can allow 
manufacturers to see what happens to each material during the 
manufacturing process and refine processes to use less material 
over time. 

This encourages a more holistic approach to materials selection 
and innovation where each component part is designed with full 
foresight of its ‘whole system’ and ‘whole life-cycle’ performance. 
Insights gathered on the impact of engineering properties or 
manufacturing processes on final part performance could then 
be harnessed to inform and incentivise smarter recycling.

The leading obstacle to achieve more sustainable EVs is the lack of alternative to rare-earth metals for 
batteries (56%). This is followed by the lack of recyclable battery materials (49%) and lack of recycling 
programs and infrastructure (47%).

Biggest obstacle in achieving more sustainable EVs

Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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47%

49%
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Limited market for battery swapping

Cost / availability of sustainable energy

Lack of recycling programs and
infrastructure

Lack of recyclable battery materials

Lack of alternatives to rare-earth 
metals for batteries

Victor Lejona, Technical Specialist at 
Cenex “Autonomous EVs will be needed 
to drive 200 to 400 thousand km a year 
which would deplete the life of current 
powertrains within 12 months, triggering 
unsustainable demand for materials to 
replace parts. 

The short lifespan of current powertrain 
materials is an example of the way 

that many EVs have been designed 
for short-term well-to-wheel impact 
without considering their ‘whole-lifecycle’ 
environmental footprint.

We are engaged in a ground-breaking 
project RUBICON – ultRa-dUraBle electrIC 
pOwertraiNs - to design a novel durable 
powertrain by considering its entire 
economic and environmental “cradle-to-

grave” life cycle at design stage. 

Alongside EMPEL Systems and 
Romax Technology (part of Hexagon 
Manufacturing Intelligence) we are 
incorporating data on the use patterns of 
autonomous vehicles into performance 
simulation, testing and design to create 
e-powertrains built to withstand long-term 
heavy-duty usage.

Figure 4
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Overcoming engineering 
challenges 

The survey reveals that new platform-based designs requiring new manufacturing 
methods, machinery and training is the single biggest challenge in EV development and 
manufacturing. Independent evidence demonstrates many advantages to purpose-built 
EV platforms including the ability to reduce vehicle content and components and the 
fact that EV-only manufacturing processes are more streamlined than complex mixed 
ICE and EV lines. Modular platforms can maximise the benefits of removing the physical 
constraints of ICEs. Sharing purpose-built EV platforms and even plants among OEMs 
would make the entire sector collectively more cost-efficient by eliminating the R&D, 
tooling, material and manufacturing cost of developing and producing new EV platforms 
and models.
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Flexible means open

One of the challenges to building EV platforms is the need to 
retrofit, reskill and ‘future-proof’ brownfield manufacturing 
facilities for the very different manufacturing requirements of EVs. 
An EV is an integrated system of systems encompassing software 
and electronics and therefore requires equally integrated and 
holistic manufacturing processes.

Digitally-isolated factory machines and closed industrial 
Internet of Things (IoT) networks need to be retrofitted to create 
collaborative, connected manufacturing processes. 

Linear assembly lines must be replaced with agile, adaptable 
manufacturing capable of instantly integrating new platforms or 
parts as well as replacement materials. Manufacturing robots and 
quality inspection systems need to be able to communicate so 
that faults are swiftly detected and corrected. 

Yet the proprietary, closed and mutually incompatible nature of 
many manufacturing tools and technologies hinders the digital 
transformation of brownfield plants for EV production. New 
interoperable tools and technologies built around open design 
principles are now dramatically lowering the barriers to digital 
transformation of legacy industrial sites. 

For example, can open cloud-based Manufacturing Execution 
Systems capture data from an array of industrial sensors, 
software or automated systems to create a real-time single source 
of truth that helps fast-track Industry 4.0 adoption. Standalone 
industrial assets can now be retrofitted with ‘open’ smart sensors 
while internet gateways can instantly aggregate and communicate 
data from legacy industrial IoT networks to the cloud. Converters 
can interface, capture and communicate data from Programmable 
Logic Controllers to retrofit closed-loop environments for multi-
site industrial IoT networks. 

Open APIs and open standards allow cloud-native systems to 
connect and communicate across sites and systems. Open APIs 
enable brownfield plants to incrementally future-proof factories 
through ‘over-the-wire’ updates. For example, new systems built 
with open architectures allow any legacy machines to be remotely 
reprogrammed to produce new parts without an operator. 5G will 
offer the backbone of connected manufacturing but realising its 
benefits will depend on more connected processes and systems 
from machines to clouds.

Companies such as Arrival are developing connected all-in-
one automotive manufacturing models leveraging Industry 4.0 
technologies for the vertical integration of modular robotic 
manufacturing, to reduce capital investment while providing 
flexibility and effectiveness.

New standards for innovation

A lack of universal standards for design, engineering, test 
or production is cited as the second biggest barrier to EV 
development and manufacturing. 53% of industry respondents 
also identify a lack of standards and regulation as the greatest 
risk to EV supply chains. This is echoed in EV manufacturing and 
development, where the lack of universal standards for design 
& engineering, test or production is cited as the second biggest 
challenge. 

Standards are often regarded as an impediment to innovation, but 
responses suggest there is a need for industry-wide standards 
to act as a beacon and benchmark guiding development and 
ensuring internal targets align with industry goals. There is no 
need to reinvent the wheel, but when standards catch up it will 
provide a playbook as new innovations pass through design, 
engineering, test and build so that manufacturers have the 
confidence to bring new innovations to market quickly. This could 
also help suppliers that are struggling to achieve economies of 
scale and support OEMs in cost reduction. 



22

Safety standards are vital to set acceptable targets for 
innovation. 33% of industry respondents report increased 
investment in safety as a design priority, yet there are gaps in the 
universal benchmarks against which automakers can measure 
the success of these design efforts. The evolution of today’s 
standards is needed to ensure all global manufacturers can 
strike the correct balance between conflicting demands such as 
efficiency, safety and driving dynamics. 

For example, safety standards around the acceptable heat limit 
of motors could help manufacturers to explore different motor 
configurations and design, engineer and produce these within 
agreed constraints. Software standards for control systems 
are essential to ensure that autonomous vehicle functions not 
only operate as designed, but are also designed for safety. For 
example, guidelines around testing of ADAS systems should 
specify not only that an automated line-keeping system can 
be disabled as designed, but also that it will only be disabled 
if it is safe to do so and the driver has hands on the wheel. 
Common crashworthiness standards are vital to set a safe 
threshold for innovations in everything from battery encasing 
to energy deflection taking account of the vulnerability of EVs 
to side impacts and battery fires, giving the industry common 
goals and guidelines for development. Similarly, universal 
guidelines governing vehicle software would help ensure the 
functional safety of autonomous control systems in the event of 
environmental effects, human or hardware errors. 

EV technology is developing at a phenomenal pace out of 
necessity, so it follows that standards must strive to match and 
account for this agility. Standards should favour pluralism over 

prescriptive rules to accelerate innovation and enable the best 
designs to rise to the top in a survival of the fittest. For example, 
there are currently direct current (DC), and alternating current 
(AC) motors with ‘direct drive’ and new transmission formats, and 
competition for consumers will see the best-performing designs 
win out in each category. Yet common guidelines can help ensure 
competition plays out with safe and sustainable outcomes.
Similarly, common sustainability benchmarks considering 
a vehicle’s whole-lifecycle environmental impact from 
manufacturing-phase emissions to battery life would help 
inform sustainable consumer choices. There are conflicting 
sustainability standards around pollution with several countries 
pulling out of the Worldwide Harmonised Light Vehicle 
Test Procedure (WLTP), which is designed to measure fuel 
consumption, emissions and pollutants from passenger cars.

In recent years, ICE emissions scrutiny has led to rigorous 
compliance and testing for tailpipe emissions, affecting 
everything from the emissions test procedures to software 
development procedures and vehicle aerodynamics tolerances. 
As we enter the EV era, there is an argument that road vehicles 
should be certified according to the amount of CO2 produced, 
or recyclable materials used in production just as agricultural 
producers must prove the provenance of ‘free-range’ or ‘fair-
trade’ food. This would incentivise more sustainable materials 
usage and manufacturing methods and drive durable and 
recyclable parts rather than parts built for short-term well-to-
wheel impact. Similarly, standards defining reuse would also 
deter short-sighted design for point-of-sale performance and 
incentivise forward-thinking development of long-life, recyclable 
and reusable car parts. 
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Standards cannot solve everything – for example the 
batteries used by major OEMs have been shown to retain good 
performance over time. The second hand market is booming as a 
result – but it is a gamble for the OEM and the second hand buyer 
alike because the degradation of battery performance is highly 
dependent on the environment, driving style or terrain and we 
lack the service life data today. Learning more may not change 
standards, but it will help determine when batteries require 
replacement or are suitable for a second life as energy storage 
and inform safe use.

A lack of open standards impedes interoperability between 
vehicles and surrounding infrastructure and means that 
EVs cannot travel easily across jurisdictions. For example, 
inconsistent charging infrastructure prevents vehicles traversing 
multiple jurisdictions, which could create global transport 
inequality and hamper consumer adoption. While ICEs can refuel 
in any gas station there are no universal standards surrounding 
for EV charge payment methods, charge connections or 
car to charger communication protocols to ensure global 
interoperability between cars and chargers. 

Similarly, the lack of vendor-neutral communication 
standards impedes seamless and universal vehicle-to-vehicle 
communication and communication between EVs and smart city 
infrastructure in all places. Universal cyber security protocols 
would also help provide a safe foundation for universal data 
sharing between vehicles and other IoT devices including 
smartphones, and protect potentially vulnerable charging 
stations. Even movement of EVs may be restricted by fragmented 
standards: There are currently at least three competing hybrid 
vehicle definitions which means that some hybrids may not be 
able to enter spaces designated for EVs in countries that adopt a 
different definition and this challenge will manifest further with 
the rollout of vehicles with more autonomous vehicle systems. 

There is a need for smarter tools capable of automating or 
virtualising the process of ‘road-testing’ safety-critical software 
or electronics systems. Software platforms can now virtually 
test-drive ADAS and autonomous systems by simulating how 
sensors and systems will react in millions of real-world road 
scenarios. Software even enables OEMs to simulate how sensors 
respond to vibrations and changes in orientation. Virtualising 
and simplifying the design, engineering and testing of new 
software or electronics components can supplement human 
skills to improve functional safety and cybersecurity, and define 
the processes needed for test and compliance to regional 
requirements.

Standards such as ASAM OpenDRIVE have improved the capture 
and curation of road-testing data to allow vital road data to be 
shared within the industry, but there is a need to take this further 
and enable greater cross-sector cooperation and progress 
between the industry, supply chain and regional and city policy 
makers.  



Biggest challenges in EV development and manufacturing

23%

26%

32%

33%

40%

Applying new manufacturing techniques

Siloed design and engineering disciplines eg. NVH,
 vehicle dynamics, aerodynamics

Shortage of required skills

Lack of universal standards for design & engineering, 
test or production

New platform-based designs require new manufacturing 
methods, machinery and training

The top three challenges in EV development and manufacturing are new platform-based designs 
require new manufacturing methods, machinery and training (40%), lack of universal standards for 
design & engineering, test or production (33%) and shortage of required skills (32%).

Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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Universal safety or testing standards would provide trusted 
benchmarks and solid foundations needed to underpin innovation. 
Internationally agreed safety or sustainability standards could 
be built-in to manufacturing simulation software and materials 
selection or development so that new parts are automatically 
designed with ‘baked in’ quality and compliance. This would create 
a level playing field for innovation and incentivise and inform 
consistent cross-sector quality and collaboration to accelerate 
the drive towards safe and sustainable electrification. 

The right skills for the job

The technological transformation of the automotive industry 
to facilitate electrification requires a parallel workforce 
transformation. This includes a growing need for skills outside 
conventional automotive manufacturing including cyber security, 
ADAS, and machine learning. Software and data skills are now 
essential to all aspects of vehicle development from battery 
management systems to the regulation of energy efficiency. 
These jobs could help offset manufacturing job losses caused 
by increased automation and the ongoing reduction in parts that 
must be produced for EVs. Studies predict an automotive skills 
shortage of 2.4 million jobs between 2018 and 2024, jeopardising 
$2 trillion of economic output. The lack of skills in data and 
technologies among traditional automotive OEMs is translating 
into defects in software and electronics components. Volkswagen 
created 2,000 new software jobs in a bid to bring all software 
development in-house but was then forced to delay launching its 
first all-electric vehicle due to incomplete or outdated software. 

These trends are confirmed by the survey, where software and 

electronics are among the biggest supply chain quality issues 
and 30% of respondents note inadequate skills in cybersecurity 
companies, 22% note a skills shortage in software development 
and only 39% have an adequate skills base in ADAS. This 
raises questions over the cyber security and safety of EVs with 
increasingly autonomous and connected features that depend on 
robust, secure software. 

Respondents identified a skills shortage as their second biggest 
challenge in global EV development and manufacturing. One 
of the challenges is that many tools are not built around ease-
of-use or sharing domain expertise and data across different 
parts of the workforce. Siloed and incompatible tools also 
prevent the sharing of access, skills and expertise across 
the manufacturing workforce. For example, specialist CAE 
software reinforces knowledge silos between specialisms such 
as mechanical or electrical engineering. One of the keys is to 
break down silos between systems and specialisms so that 
knowledge can be embedded in workflows and democratised, 
enabling teams to expand capabilities without expanding the 
workforce. Interdisciplinary model based systems engineering 
and co-simulation approaches help to support a multidisciplinary 
workforce. For example, allowing mechanical engineers to 
co-simulate both mechanical and electrical features without 
an electrical engineer or analyse the thermal efficiency of a 
transmission without much-coveted fluid dynamics skills. 
Technology-agnostic open standards and APIs also allow 
more data sharing and interoperability between engineering 
and manufacturing tools, offering paths to optimise design 
for manufacturing for greater product innovation and more      
efficient production.

Figure 5
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Access to tools and data is also helping multidisciplinary teams 
become less reliant on the availability of specialist skills and 
support engineers as their roles broaden. For example, ‘flexible 
token licensing’ was adopted by many large OEMs during the 
COVID pandemic because it gives all engineering departments 
on-demand access to an ecosystem of CAE software without 
individual user licenses. This enables a design team to ‘borrow’ an 
additive manufacturing simulation system to validate a new part 
design for 3D printing. Another great example lies in materials 
engineering data. Some pioneering companies are opening up 
valuable material test and sourcing data to design engineers and 
manufacturing and procurement, creating a virtuous circle of 
learning in which materials knowledge can be captured and cross-
fertilised across a company to improve the collective skills of all 
engineers. As smart manufacturing sees functions such as design 
and engineering increasingly compressed and connected, the 
democratisation and integration of tools and knowledge will help 
create more multi-skilled, multi-functional professionals that are 
prepared to work more collaboratively with their peers. 

New platform-based EV designs are popular because they 
reduce development and manufacturing time and costs and 
amortize them in higher volumes through standard parameters 
and physical footprints. However, they present new challenges 
to manufacturers because they allow a degree of configurability 
in the powertrain, battery capacity, vehicle model, interior set 
up and software updates. This means that a single design and a 
single manufacturing "cell" or line (and consequently, inspection 
equipment) must be able to process several vehicle models or 
customizations of the same platform. 

40% of respondents identified the new manufacturing methods, 
machinery and training required for platform-based designs 
as a challenge, making it the single biggest challenge in EV 
development and manufacturing. Vertically-integrated smart 
manufacturing production cells such as  Arrival’s Next-generation 
drive unit project require integrated teams to troubleshoot issues 
and optimise design and manufacturing in unison. Flexibility 
is also key to production line transformation: ŠKODA AUTO’s 
automated inspection systems reduce the time required to 

programme robotic inspection from several days to just four hours, 
so their quality professionals can be ready and waiting to inspect 
a new vehicle without routine dependence on robotics skills.

Meeting consumer expectations

The failure to meet consumer expectations is also seen as a 
major impediment to the transition from ICE vehicle to EV. This 
is reinforced by independent evidence showing the gap between 
consumer expectations and the comfort, convenience and 
performance of electric vehicles. The solution is to create digitally 
integrated and simulated design and engineering processes so 
that manufacturers can model how real-world driving conditions 
will interact with any component or part and affect everything 
from comfort to noise at design stage. 

Virtual testing can allow manufacturers to simulate limitless 
driving conditions and terrains to optimise vehicles for consistent 
quality of experience in any scenario. It enables companies to 
virtually ‘road-test’ everything from the handling of the vehicle 
to the mechanics of the drivetrain to understand how minor 
adjustments can improve requirements from energy efficiency 
to the noise and comfort passengers experience. This  rich data 
predictive data can be combined with physical production data 
in a digital twin to determine manufacturing tolerances for 
components – just 2-3 microns of vibration in the transmission’s 
gear system can result in 70-80 decibels noise exposure for the 
passengers. 

Simulations can balance competing customer expectations 
such as comfort and sustainability at design phase, for example 
targeting acoustic insulation to reduce noise while minimising 
weight. Advanced multi-body dynamics and finite element 
analysis enables manufacturers to simulate how parts will react 
to real-world forces and achieve complex trade-offs between 
comfort, quality and performance before the first prototype. 
This is particularly critical in EVs, where the challenge of meeting 
consumer demands such as longer range mean percentage-point 
efficiency savings in the powertrain or body weight can have a 
dramatic impact on the vehicle’s marketability.



Industry respondents cite supply chain issues as 
one of the top inefficiencies in EV development and 
manufacturing processes. 

Valeo collaborates 
to accelerate e-drive 
development

The need for new EV components 
and capabilities beyond conventional 
ICEs has radically altered the 
balance of power and also the need 
for collaboration between OEMs 
and suppliers. Whereas engines 
and transmissions would often be 
assembled by car manufacturers, 
the need to quickly source the best 
available e-Drive means in-house 
development is being supplemented 
by a market of start-ups and Tier 1 
suppliers, all competing to offer e-drive 
systems to power the next generation 
of vehicles.  A collaboration between 
Valeo, Dana and Hexagon’s powertrain 
engineering specialists demonstrates 
the increasing importance of 

The new automotive 
supply chain

Most automotive OEMs only have a handful of silicon and battery suppliers and over-reliance on 
a few critical suppliers can cause major disruption if they fail to meet demand. A well-publicised 
shortage of chips, largely as a result of the COVID-19 pandemic, is expected to cost the auto industry 
$210 billion in lost revenue. The rising cost of steel is another challenge, with trade disruption 
exacerbated by the pandemic’s effect on global shipping. 

The rapid electrification and digitalisation of vehicles has rendered traditional OEMs reliant on raw 
materials outside their control and components beyond their conventional capabilities. The need 
for cross-system integration of many complex software and electronics components has therefore 
compelled them to work in partnership with Tier 1 suppliers and consider the co-development of 
cars with technology companies outside their vertical market.

virtual prototyping to find optimal e-Drive 
configurations quickly and compress time-to-
market for OEM customers. 

The project used integrated powertrain 
simulation to analyse the end-to-end 
development of the electric drivetrain from 
the components to the complete product 
in a single collaborative environment. This 
approach enabled Valeo to rapidly explore 
the electro-mechanical design space then 
bring together all disciplines to anticipate 
and eliminate defects and engineer the 
prototype using Hexagon’s Romax Computer 
Aided Engineering (CAE) suite. By considering 
the drivetrain as an integrated “system of 
systems” at the design stage, Valeo was able 
to make optimal use of existing components 
and invent a patented belt drive mechanism 
that reduced cost and enabled modular 
design to suit many different applications 
from e-scooters and e-bikes to passenger 
vehicles. Valeo, Dana and its OEM customers 
collaborated throughout to consider materials, 

available components and manufacturing 
needs and lubricant choice, reducing time-
to-market from 24 months to 18 months in 
time to launch the Citroën AMI One in June 
2020. 

“Combining proven software and engineering 
expertise from Romax gave us the 
confidence to take the risk of eliminating a 
full prototype iteration, relying heavily on 
virtual simulation. With this new approach, 
we have achieved a 7 to 9 month reduction 
in development time,” explained Jérôme 
Mortal, Transmission Systems Product Group 
R&D and Electrification Director at Valeo, 
“We have shown that it is possible to get a 
new product into production very quickly, 
in a process which is only made possible 
through increasing virtual simulation, which 
in turn is only possible because the quality 
of the Romax simulation results gives us the 
confidence to eliminate tests.”



Quality issues for EVs are most often observed with software (33%), battery (29%) and electronics (22%).

Quality issues in the EV supply chain
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Source: Wards Intelligence 2021 data for Hexagon emobility.hexagonmi.com
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The Valeo project (left) demonstrates how manufacturers 
can achieve the tighter margins of cost and performance that 
eMobility demands, within the “new normal” of 2-year or smaller 
development cycles through CAE-enabled collaboration and 
vertical integration of development and manufacturing. 

Renewed quality challenges

The biggest quality issues in the EV supply chain are software, 
batteries and electronics which are all components typically 
made outside the traditional automotive supply chain (see 
Figure 6). Inability to negotiate the required economies of scale 
from suppliers due to low order volumes is also pinpointed as 
a major risk to supply chains. The central problem is that the 
integration of software and electronics into vehicles has led 
to the need to outsource production of new car components 
such as batteries and semiconductors to overseas consumer 
electronics and software suppliers. This in turn has weakened the 
traditional control that OEMs exercised over the cost and risks of 
supply chains. The risks of relying on parts from non-automotive 
suppliers were vividly illustrated when major carmakers had to 
pause production due to shortages of semiconductors caused by 
surging demand for videogames and PCs. No OEM wants to halt 
production due to battery shortages or mass recalls due to unsafe 
batteries from external suppliers. 

This creates a renewed imperative for greater collaboration 
between supplier and manufacturer as well as vertical integration 
of EV manufacturing. Leading automotive manufacturers such as 
Ford and BMW recognise the growing need to bring production 
fully under their control. Additive manufacturing of car parts 
could reduce or replace many conventional materials and enable 
on-location on-demand production to reduce reliance on overseas 
manufacturing. Industry 4.0 technologies can create material-

centric digital twins of the entire manufacturing line from design 
to production, enabling OEMs to monitor and manage end-to-end 
production in-house. 

For example, BMW has used manufacturing automation to bring 
production of its electric motors in-house. Ford is vertically 
integrating electric motors and inverters, producing major 
efficiency savings. Porsche is using generative design and 
additive manufacturing to produce electric parts and reduce the 
weight of drivetrain housing by 40%. 

Outside of the powertrain, EV production relies on a fragmented 
array of non-automotive manufacturers to develop diverse 
car parts from semiconductors to sensors. The potential 
for inconsistency, incompatibility and inefficiency across 
supply chains is illustrated by the fact that electric cars have 
thousands of chips – more than double a comparable ICE if 
power electronics is included – and thousands of battery cells. 
Furthermore, there is an architectural shift from engine control 
units (ECUs) to domain control units (DCUs) that control multiple 
functions that are a precursor to greater convergence between 
safety-critical automotive functions and the application software 
of consumer electronics. These trends exacerbate the existing 
challenges of automotive electronics and software quality 
assurance, which is cited as the single biggest quality issue in 
the supply chain. The huge investments OEMs are making in to 
build their development resources reflect these new levels of 
software complexity and the opportunity to build margins with 
their innovations. 

Unsurprisingly, battery quality was identified as the second 
biggest quality concern after software. Fragile battery 
components must be inspected and require traditional invasive 
inspections to be replaced with non-contact optical inspection. 

Figure 6
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These can be damaged during assembly, where Computed 
Tomography (CT) analyses are indispensable to identify foreign 
particles inside the cells or fabrication defects in the battery 
housing that affect performance and durability. 

New advances in CT and optical metrology have liberated quality 
inspection from the Quality room and are deploying it directly 
to the production environment. We are entering a future where 
battery defects can be not only detected as they are made, but the 
production and design causes corrected with effective application 
of that data. The panacea will integrate data from production, 
assembly and quality assurance processes with service life data, 
providing closed loop control of battery quality and increased 
production autonomy to reduce the unit cost.

Suppliers become partners

Collaboration is emerging as a key ingredient to smarter 
manufacturing, whether within the organisation is enough or 
it necessitates cross-company ecosystems to develop IP and 
share costs. With the pressures of improving time to market 
and increasing efficiency, manufacturers expect their suppliers 

to be collaborative so that they can see future challenges 
and effectively share information to continually improve 
designs. However, they can only overcome their substantial 
challenges through close partnerships. The industry is looking to 
manufacturing technology companies to provide more integrated 
end-to-end ecosystems of design, engineering and manufacturing 
systems spanning both vehicle hardware and software to address 
these problems. Integrated and efficient manufacturing processes 
produce more integrated and efficient products, but building a 
best-in-class manufacturing technology stack will involve multiple 
vendors and is only possible with open systems.

The incompatibility between proprietary manufacturing tools 
and technologies hampers manufacturers from streamlining 
and integrating their supply chains, production processes and 
parts. As development cycles are compressed, this problem now 
extends to digital twins that could help manufacturers to combine 
and compress design, engineering and manufacturing into single 
virtual processes. By extending this digital integration to suppliers, 
there is the opportunity to create more cohesive and collaborative 
international supply chains and drive closer early stage co-
development between OEMs, tier 1s and key suppliers. 

Image above: VGSTUDIO MAX 
battery analyses 
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A shared ‘digital thread’ of manufacturing processes enables a 
virtuous circle of continuous improvement where quality data 
and customer service issues can be shared ‘upstream’ to make 
corrections and improvements to subsequent parts. Vertical 
integration and digitalisation of EV part production would enable 
OEMs to control the cost and length of production and capture 
data from every step of the manufacturing process to spur further 
efficiency savings down the line. 

Research demonstrates more OEMs seeking collaboration with 
rival companies and suppliers to create joined-up, efficient 
supply chains capable of producing a full spectrum of connected, 
cohesive, best-in-class components. Open and interoperable 
manufacturing tools and technologies capable of exporting 
data in multiple formats would help facilitate this supply chain 
consolidation and co-development. 

For the OEMs, this means encouraging agile cross-functional 
development to achieving efficiencies across an increasingly 
diverse EV hardware and software supply chain. This can be 
achieved with interoperable manufacturing tools, open data 
formats and systems that are capable of sharing knowledge and 
data across all functions. Data management and democratisation 
(within authorised roles) is crucial because insights captured from 
one manufacturing process can be cross-pollinated to others to 
drive further improvements and avoid reinventing the wheel.

Of course, an alternative is to develop in-house capacity alone or 
through a joint venture with key suppliers. Some manufacturers 
are adopting fully automated ’lights-out’ production of parts, 
which enables the integration and compression of manufacturing 
lines into a single plant or even a single assembly station. Highly 
automated production aids vertical integration by enabling more 
components to be produced on-site. Additive manufacturing holds 
promise for reducing supply chain fragmentation by consolidating 
multiple components into single, lighter, multi-functional and 
cost-efficient parts. Part consolidation streamlines supply chains 
and reduces material waste and usage. Using generative design 
as part of CAE workflows, it’s possible to automatically optimise 
the performance of a part or assembly for a given material and 3D 
printer at the design stage. Whilst employed at negligible levels in 

automotive today, additive manufacturing offers the potential to 
lower barriers to innovation by reducing the cost and complexity 
of in-house production and streamlining the digitalisation and 
localisation of manufacturing that will become more viable 
through industrialisation and new additive processes.

Material shortages

29% of respondents also cite material shortages as the reason 
for changing the sourcing of key components and 73% cite 
challenges sourcing the required volumes as a key risk to supply 
chain success. This is reinforced by reports warning that the 
concentration of raw materials and refining facilities in countries 
such as China renders supply chains vulnerable to shortages and 
single points of failure. This puts the availability and affordability 
of critical materials and parts outside the control of OEMs with 
research indicating that cobalt and lithium supply chain shortages 
could constrain EV deployment by 2030, causing shortages of 
batteries and motors. 

Global steel shortages could similarly affect the supply of critical 
EV systems such as powertrains. Silos between suppliers and 
engineering departments can also impede traceability and 
visibility of materials, creating inefficient and inaccurate designs. 
The key to consolidating materials is to consolidate materials data, 
development and manufacturing to give OEMs control over quality 
and availability of parts. The end-to-end digitalisation, integration 
and sharing of materials data among suppliers and manufacturers 
fosters transparency and closer supply chain collaboration. Digital 

By extending this digital 
integration to suppliers, 
there is the opportunity 
to create more cohesive 
and collaborative 
international supply 
chains and drive 
closer early stage co-
development between 
OEMs, tier 1s and key 
suppliers. 



Autoneum helps OEMs optimise 
acoustic treatments placement 
to reduce weight and cost

Range and comfort are two key frontiers in electric 
vehicle design and engineering, but the interplay 
is a clear illustration of the need for more greater 
collaboration within engineering teams and their 
suppliers. In the absence of internal combustion engine 
noise, the relative silence of the electric car accentuates 
the sounds emitted by the motor and caused by the 
vibration of structural components. The amount, position 
and type of acoustic treatment of these materials is 
already optimised by acoustics teams in major OEMs, 
but they have worked in relative isolation to achieve 
the best possible result towards the end of the vehicle 
development cycle.

The application of high-performance acoustic 
treatments is essential to the comfort of passengers and 
the perceived quality of the vehicle. However, lengthy 
analysis or trial and error are not feasible in the EV era. 
Designers require precise information to determine 
where materials should be applied to achieve optimal 
results without adding unnecessary weight or cost. 

A pioneering partnership harnesses automotive material 
supplier Autoneum’s vehicle noise insulation knowledge 
with Hexagon’s Actran simulation software and expertise 
in acoustic modelling to help acoustics engineers strike 
the right balance between noise, weight and cost earlier 
in the development process. By precisely simulating the 
performance of a specific acoustic insulation material 
in a given vehicle design,  it significantly reduces 
engineering time and ensures the correct type, volume 
and position of treatments is specified before the first 
prototype is built. 

Collaborative solutions such as the prediction of 
acoustic performance are accelerating development 
and improving speed to market. Crucially, the ability to 
foresee the cumulative impact of powertrain and body in 
white developments on the acoustic treatment material 
application enables engineers to optimise entire vehicles 
for comfort within efficiency goals. 
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material databases allow companies to replace steel systems 
such as powertrains with sustainably-sourced alternative material 
or use less parts from different suppliers. The digital integration 
of materials development enables localisation of supply chains 
and vertical integration of production through smarter materials 
selection and development of substitute materials. Inconsistent, 
insecure supply chains can be phased out with end-to-end 
visibility and control over materials across their lifecycle and 
vertically integrated ‘closed loop’ production. 

End-to-end materials and process management platforms 
allow one-stop-shop access to a consistent source of approved 
materials with full traceability enabling manufacturers to make 
smarter material selection and sourcing decisions. The process 
of designing and testing materials can also be virtualised and 
thus localised to reduce reliance on outsourcing. A digital ‘single 
source of truth’ on materials and test data can consolidate 
materials sourcing and identify opportunities to reduce waste 
or use smarter substitute materials. Materials selection and 
development is increasingly central to helping manufacturers 
overcome conflicting priorities such as curbing cost and 
increasing range. Each material from the powertrain to the 
body-in-white can now be optimised to meet the EV imperative of 
squeezing more performance out of less material. This is true from 
OEMs choosing the best sheet metal alloy to press, to suppliers 
scrutinising the cost, weight and recyclability of injection-
moulded interiors.

Additive manufacturing can now help create lightweight, high-
performance car components from composites or metals, 
significantly reducing raw material usage. Simulation software 
allows additive manufacturing designs to be structurally analysed, 
optimised and validated before the first physical part is printed 
to further reduce material use. 3D printing could also lower the 
minimum efficient scale needed for production by reducing 
capital expenditure and supply chain dependencies for new 
market entrants and start-ups. 

Government policy

A lack of consistency in public policy to drive demand is also 
cited as an impediment to supply chain success. Internationally 
fragmented supply chains reflect a globally fragmented political 
consensus on electric vehicles. More collaborative and consistent 
policies from governments at an international level would 
compel collaborative, stable and secure international supply 
chains. Cumulatively, the findings demonstrate the need for 
greater consolidation and standardisation of supply chains to 
create more consistent quality, cost and availability of vehicles 
and avert shortages or safety concerns. This could be achieved 
through smarter manufacturing processes fuelling greater cross-
functional, cross-sector collaboration and integration and giving 
OEMs greater oversight and control over the cost, quality and 
availability of parts.
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The mass-adoption of EVs could see several older automotive 
OEMs disappear, displaced by tech-native new market entrants as 
software and electronics is projected to outgrow the automotive 
industry. The convergence of software, electronics and automotive 
in the form of electric, connected and autonomous vehicles will 
see consumer electronics and software features become the 
most valuable car components, eroding the advantages of market 
incumbents. 

This has led to significant mergers such as Stellantis that build 
critical mass to enable the investments required. The need 
to achieve margins quickly without large capital investments 
has also driven market consolidation through joint ventures, 
and through procuring key systems.  This favours new contract 
manufacturers and Tier 1 suppliers and those tier 2 and 3 suppliers 
that have been quick to adapt to electrification, and it requires 
a more tightly controlled and verticalized supply chain. This can 
be seen in ventures such as Fisker-Geely-Foxconn, or in Stellantis 
and VW developing next-generation EV chips in collaboration with 
suppliers.

Combining cross-industry technologies from software to electrics 
and addressing cross-sector challenges from range to noise and 
comfort necessitates a radical transition from siloed to integrated 
manufacturing processes and ecosystems. Virtualisation and 
integration of development through co-simulations of multiple 
systems and scenarios could enable cross-system challenges 
to be solved at design stage. Solving these complex design 
challenges and matching the technology timescales of the 
software or consumer electronics industry without excessive 
costs will require a radical rethink of everything from standards to 
supply chains.

New technologies will require new standards addressing practices 
such as battery thermal management and new challenges 

How do we move 
forward? 

such as the vulnerability of EVs to side impacts. Cross-industry 
collaboration will be essential to help develop ways to standardise 
processes across an increasingly diverse industry spanning 
software, electronics and automotive. 

The findings show greatest demand for new standards governing 
new and emerging automotive challenges such as charging 
protocols, cyber security and software functional safety. We need 
more data-driven design and virtual testing to overcome these 
challenges before real-world deployment and new standards 
governing virtual as well as real-world development. For example, 
virtual test-drive software combined with machine learning could 
test limitless scenarios to optimise vehicles for crash safety or 
even cyber security at design stage. 

The struggle to achieve profitability and price parity with 
ICE vehicles due to spiralling R&D costs, and the challenging 
economic climate in the wake of COVID-19 restrictions that 
depressed demand and disrupted supply chains also created 
a new imperative for leaner manufacturing processes, with 
mould-breakers such as Tesla seeing more demand than ever. Yet 
traditional OEMs remain slow adopters of smart manufacturing 
and they now face direct competition from some of the very 
technology companies that pioneered the Fourth Industrial 
Revolution. 

The role of smart manufacturing

Electrification is the biggest disruptor to the automotive industry 
for 50 years which has left many manufacturers with inflexible, 
legacy manufacturing systems that are not future-proofed. The 
survey confirms that although almost half of the automotive 
industry is increasing investment in smart manufacturing and 
Industry 4.0 strategies, 52% of the industry still has no plans to 
invest more.

The electrification and digitalisation of transport is 
driving seismic disruption of traditional automotive 
monopolies, supply chains, product portfolios and 
manufacturing models. 
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In the US, just 45% plan to increase 
investment while 26% in the US and 
Europe plan to invest the same or less, 
indicating a lack of commitment to 
digital transformation across many 
automotive companies. This is disquieting 
for automotive OEMs because smart 
manufacturing is critical to many of the 
challenges they face. Industry 4.0 could 
accelerate time to market, replace large, 
linear manufacturing facilities with lean, 
adaptable assembly lines, and create 
more automated, efficient and productive 
manufacturing and strike the right balance 
between price and performance, profit and 
planet.

There are many barriers to adoption 
of new technologies and processes in 
industries such as automotive with an 
ingrained set of processes. Experts 
note that the success of technological 
transformation depends on the willingness 
to undergo a fundamental organisational 
transformation. One key challenge for the 
automotive sector is the need to move 
from a mindset built around competition 
and closed systems to embracing 
cross-functional and even cross-sector 
collaboration, and open manufacturing 
tools and technologies. Pioneering 
companies are controlling R&D costs with 
strategic partnerships, co-development 
with suppliers and agile cross-functional 
development. 

Yet many smart manufacturing 
technologies are proprietary or subject 
to restrictive licensing models and these 
technological divides reinforce other 
silos between manufacturing functions, 
processes and partners. Incompatibility 
between CAD and CAE tools entrench 
divisions between the design and 
engineering functions. Digitally isolated 
factory machines or siloed industrial 
IoT networks can reinforce detachment 
between different parts of a diverse 
manufacturing line. 44% of respondents 
cite either siloed engineering disciplines or 
lack of collaboration between development 
and production as challenges in EV 
development and manufacturing. 

This is critical because smart 
manufacturing begins at concept stage 
and depends upon the integration of all 

manufacturing professions and processes 
so that parts are produced ‘right first 
time’ with everything from carbon to cost 
efficiency baked in. Manufacturing tools 
and technologies built on open design 
principles can enable legacy factories 
to be iteratively retrofitted for industrial 
digitalisation through connecting 
interoperable tools, creating a more multi-
skilled workforce and new approaches to 
extract and exploit data. 

The industry is turning to system 
integrators and IT vendors to achieve the 
necessary transformation, but there is no 
single IT system that provides a panacea. 
Digital transformation of EV manufacturing 
will require open approaches capable of 
connecting the entire ecosystem of data 
and devices from design to final part 
inspection. Success in fusing together 
separate functions will drive smarter, 
more innovative, sustainable, forward-
looking design with the lifetime economic 
and environmental impact of each part 
factored in upfront. 

Smarter design and more prudent 
innovation are being made possible with 

digital twins that encapsulate engineering, 
manufacturing process simulation and 
real-time feedback from in-line quality 
inspection and connected shopfloors. 
Leveraging data will enable quality-
assured ‘right first time’ parts, and lay 
the foundations for self-correcting 
autonomous processes and the more agile 
refinement of products. Technologies such 
as ICME also fuel cost saving innovation by 
enabling manufacturers to innovate with 
materials to achieve more with less and at 
lower cost.

Digitally integrating engineering and 
manufacturing also eliminates the need 
for wasteful prototyping and testing and 
enables products to be designed ‘right 
first time.’ Materials and manufacturing 
methods can now be designed for 
manufacturability, modelled, engineered 
and tested under real-world conditions 
entirely in simulation. Leveraging 
manufacturing and quality data in the 
digital twin creates a virtuous circle where 
real-world data helps validate simulations, 
which in turn validates the quality and 
efficiency of the product. Connecting 
shopfloor equipment delivers quick returns 

Digital integration of 
manufacturing processes 
facilitates closer cross-
functional collaboration 
between professions from design 
to engineering and creates 
multi-functional engineering 
professionals.
Balazs Palfai, Technical Fellow, Powertrain 
Systems at Lucid Motors



The automotive industry needs smarter, 
leaner manufacturing processes to 
eliminate the high production costs and 
delays associated with new precision-
engineered parts. For example, EVs require 
high precision gears to squeeze the best 
possible efficiency and reduce high-speed 
transmissions. 

Booster Group, an automotive machining 
multinational with 70 years of heritage in 
producing high-precision components, is 
now pioneering automated real-time inline 
quality inspection and correction of parts 
and processes at its BOOSTER Precision 
Components facility in Germany. Its aim is 
to automate the end-to-end machining of 
high-value parts. 

The Company had previously relied 
on workers for manual calibration and 
correction of its machine tools to check 
process quality and ensure car parts were 
produced to requirements. This process 
was time-consuming and subject to human 
error, producing inefficient, inconsistent 
processes and procedures and a high 
rejection rate. 

BOOSTER Precision Components : Lights-out machining for consistent quality

The company is now working with 
Hexagon to create a machine shop floor 
that ‘learns’ from statistical analysis of 
metrology data to automatically correct 
toolpaths, enabling lights-out production 
of high-quality parts without operator 
intervention. Hexagon’s Q-DAS IMC 
technology harnesses measurement data 
to automatically adjust the machining 
process using statistical process control 
techniques. Tool-specific corrections are 
automatically calculated and fed back 
to the machine tool’s control system to 
eliminate human error and labour costs 
and create self-correcting processes for 
consistent quality. 

The technology creates a full audit trail of 
all errors and adjustments and harnesses 
trend data to improve future processes, 
creating a fully traceable fully automated 
system and reducing quality assurance 
effort. This strategy has enabled the 
company to produce new parts ‘right first 
time’, reducing reject rates and waste by 
20%. Through automating the process 
of tool inspection and correction across 
34 machine tools, it has reduced labour 
time by 15%. This shopfloor innovation 

demonstrates how smart manufacturing 
approaches can enable lower-cost, 
assured quality production of high-
precision car parts through autonomous 
processes and scale up, offering suppliers 
an opportunity to maintain margins 
and OEMs the option of bringing highly-
automated production of key components 
in-house.

“The automotive industry needs smarter, 
leaner manufacturing processes to 
eliminate the high production costs and 
delays associated with new precision-
engineered parts. Booster Group is now 
pioneering automated real-time inline 
quality inspection and correction of parts 
and processes. Previous processes were 
time-consuming and subject to human 
error, but they are now collaborating with 
Hexagon to create a machine shop floor 
that ‘learns’ from statistical analysis of 
metrology data to automatically correct 
toolpaths, enabling lights-out production 
of high quality parts without operator 
intervention.”
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because operations can be remotely 
monitored, managed and maintained and 
offers further access to serial production 
data that can be used to improve the 
performance, efficiency and durability of 
manufacturing processes. 

Digital integration is also crucial for 
collaboration sharing relevant data across 
functions so that insights from one 
process can be harnessed to optimise all 
the others and even improve supply chains. 
For example, making in-line inspection 
of parts from high-speed laser scanning 
measurement available to all. Complete 
scan data can be compared against 
design intent, giving engineers visibility 
of production realities so that they can 
optimise designs. That same data can be 
used to drive closed-loop optimisation of 
a process and even feed into automated 
production and assembly. 

Carmakers can’t afford delays to market 
and costly prototyping and are announcing 
zero-prototyping strategies, but this will 
take more than increased use of CAE.  
Connecting CAE data into quality data 
management systems is helping to break 
down traditional silos between design 
and engineering and manufacturing. 
These digital twins make it possible 
to assess the suitability of a new part 
design through ‘virtual assembly’ of the 
final part geometries that are predicted 
with relevant manufacturing process 
simulations (eg. sheet metal forming, 
welding, injection moulding). By grounding 
the digital twin with tolerance trends 
that occur in series production, part and 
process parameters can be corrected 
based on data rather than relying entirely 
on the tribal knowledge in production – be 
that fitting doors, headlamps or integrating 
a powertrain. Virtual assembly strategies 
also hold the key to bucking productivity 

shortcomings with autonomous, data-
driven smart manufacturing processes.  
Integrating traditionally siloed processes 
makes it possible to rapidly reconfigure 
and refine processes. This is exemplified 
by additive manufacturing, where end-
to-end connectivity is bringing together 
data from fragmented sources to 
automate workflows reducing the cost and 
complexity of adoption. 

Connecting workflows reduces the need 
for extensive physical testing, production 
delays and recalls. Digital integration 
can also fuel new levels of automation 
by producing rich integrated data 
which can be harnessed using Artificial 
Intelligence and Machine Learning systems 
to automate business processes via a 
manufacturing execution system (MES) or 
quality management system (QMS), predict 
maintenance or self-correct processes 
through robotics and machine control 



The blueprint for smart manufacturing of EVs should begin 
with open, collaborative manufacturing organisations creating 
cooperative, multi-disciplinary teams capable of addressing 
diverse challenges. It requires a move from siloed, linear 
workflows towards agile, versatile manufacturing lines moving 
data seamlessly back and forth. 

Consolidating design, engineering and testing of all subsystems 
could enable entire vehicles systems to be validated against cost 
or sustainability requirements at design stage. By feeding process 
and quality inspection data back into engineering processes, 
product design can be aligned with real-world production 
processes and optimised for quality and material use. Crucially, 
more detailed digital twins will need to be shared between 
suppliers, partners and OEMs to enable more cohesive and 
adaptable development across a diverse supply chain.

Perpetual data silos within automotive manufacturers and across 
supply chains present roadblocks to integration. For example, 
material selection is often handled by a separate materials 
team so that material candidates cannot be examined by design 
engineers. A similar lack of interoperability between CAD, CAE 
and CAM (computer-aided manufacturing) tools means that 
design teams cannot foresee the effect of engineering properties 
or production changes on final part performance, and crucial 
workflows for design, engineering and validation, production, 
testing and quality are fragmented among different tools and 
departments. 

The lack of connected, consolidated data from source to sale 
impedes the traceability required to create sustainable vehicles 

and energy-efficient production. Quality measurement data often 
arrives too late to predict and prevent faults earlier in series 
production, leading to defects, rejected parts and even product 
recalls. It also prevents improvement to design and process 
planning. For example, many 3D printer results are proprietary 
and cannot easily be sent back upstream to third-party Design 
for Additive Manufacturing (DfAM) tools reduce waste and reject 
rates. Machine toolpaths are also often unavailable, preventing 
verification of CAM programs or optimal use of additive 
processes. 

Wider supply chains are similarly disjointed, with some suppliers 
and partners failing to share accurate early-stage development 
data with OEMs to enable more collaborative, cohesive designs 
of diverse parts tweaked to requirements. As development cycles 
are compressed, there is more need than ever for the teams 
of a tier one or engineering service provider to keep pace with 
the shifting demands or specifications of their OEM customers, 
and silos impede the efficient, agile design and just-in-time 
delivery. Digital tools and data sharing have a key role to play in 
enabling the closer collaboration, strategic partnerships and 
co-development needed to guarantee consistent quality across 
increasingly diverse automotive supply chains.

There is a clear need for a digital transformation and 
standardisation of automotive manufacturing to address the 
challenges created by electrification. This must be underpinned 
by a parallel transformation of organisational cultures to ensure 
that smart manufacturing is embraced across the board, 
workforce skills and cross-industry standards.
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The road to 
cleaner transport

EVs are rapidly approaching mainstream adoption, with 
automotive giants Ford, Volvo and General Motors pivoting new 
vehicle development to fully electric vehicles. Innovation is being 
driven by a raft of regulations mandating zero-emissions transport 
within the coming decades, leading the automotive industry to 
increase manufacturing innovation to bridge the gap between 
consumer expectations and EV performance. 

This should help meet the political targets for mass adoption 
within a decade and reduce carbon emissions and pollution from 
the roads. Yet the true test of success for electric vehicles is 
to deliver on their broader promise and create a commercially 
successful automotive industry that is also environmentally 
sustainable.

Encouragingly, this survey demonstrates that manufacturers are 
aware of the need to go beyond eliminating end-user emissions 
and improve the ‘whole-lifecycle’ sustainability of EVs. Carmakers 
and suppliers also increasingly recognise the need to think beyond 
the vehicles and instead build car parts for a second life and a 
circular economy. This will require the industry to compress and 
connect manufacturing processes together so that sustainability 
is ‘baked in’ to a vehicle’s DNA at design stage and every part is 
conceived and created to support both a sustainable car and 
economy. New players are already disrupting the industry with 
sustainable manufacturing models that compress production into 
a single site and reduce dependence on complex or international 
supply chains.

Electric vehicles must be commercially as well as environmentally 
sustainable. Smarter manufacturing methods offer a clear path 
to resolve the tension between profit and planet. The use of 
lighter and less material, more autonomous manufacturing and 
shared multi-purpose platforms will progressively reduce time 
to market and cost. Furthermore, synchronising design, testing 
and engineering will dramatically reduce physical testing and 
failed products, with the opportunity to address efficiency and 
sustainability in unison. Advances in global standards would 
help provide a stable, common framework for vehicle innovation 
that ensures competition does not come at the expense of 
sustainability, safety or security. For the time-pressed automotive 
manufacturer, open digital ecosystems will help combine 

cross-sector knowledge and resources to drive progress and 
profitability.

Collaboration between the software, electronics and automotive 
industries will require more joined-up manufacturing supply 
chains capable of designing vehicles as a cohesive ‘system 
of systems.’ This mandates new collaborations and an 
equally integrated or interoperable end-to-end ecosystem of 
manufacturing tools and technologies. Skills shortages can be 
reduced, in part, through automated manufacturing processes 
and democratised access to intuitive manufacturing tools and 
technologies within all manufacturing functions.

Digitalisation and automation could see the vertical integration 
of production and ultimately vehicles being produced under one 
roof. EV start-up Arrival is replacing entire assembly lines with a 
single site and even a single production cell interconnected by a 
thread of digital data. This will enable manufacturers to analyse 
and optimise end-to-end production, avoid delays or recalls 
and ensure consistent quality, cost and availability of all parts. 
Regardless of the model digital transformation of manufacturing 
is essential and it will require a parallel transformation of the 
manufacturing workforce to empower more multi-faceted, multi-
functional engineers with new skills from data science to robotics 
and cyber security. 

Yet the survey also reveals a conservative automotive industry 
that is slow to adopt new manufacturing processes and the 
unparalleled disruption it faces. Over half of industry respondents 
are not investing more in smart manufacturing strategies. 
Legacy automotive OEMs that fail to invest in achieving digital 
transformation risk falling behind the software, consumer 
electronics giants and pure EV start-ups disrupting the EV 
industry.  

The OEMs that succeed in the new automotive industry will 
be those that undergo fundamental organisational as well 
as technological transformation. These OEMs will replace a 
protective corporate mindset with an open culture that learns 
quickly, embraces cross-sector collaboration and capitalises 
on new opportunities with an interconnected manufacturing 
ecosystem underpinned by universal open standards. 
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