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HIGHLIGHTS

• Automation technologies are increasingly used in
the manufacturing industry to boost productivity,
achieve consistent quality, reduce costs, and allow
human workers to pursue more creative and higher
skilled work.

• Low and medium skilled workers face the greatest
threat for displacement by automation. The creation
of new industries and economic growth are
ultimately beneficial, but new policies are needed
to address the potential inequities that may arise.

• Automation can improve the safety of the
manufacturing process for employees, but also
introduces new safety risks that come with
operating and collaborating with new equipment.

• Consumers benefit from the increased efficiency
of production through lower prices and shorter
time-to-market. Supply chain resilience remains
a developing issue that requires attention, as
evidenced by the Covid-19 pandemic

• Environmental impacts of automation technologies
vary widely between industries and ecosystems,
but they have potential to decrease pollution when
national and local regulations are coordinated.

In many manufacturing industries, automation technologies
are increasingly being developed and implemented for their
ability to optimize processes to achieve higher efficiency
and productivity. They can increase production volume
while ensuring uniform output and, after an initial capital
investment, can cost less to operate than an equivalent
human workforce. Industrial adaptation to automation has
been observed across various sectors, especially using
machines in place of human workers in traditionally
labor-intensive manufacturing processes. While automation
can bring economic benefits, it also has repercussions
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for the human workers and communities it impacts—some
workers have been displaced as their roles are taken over
by machines, while many who remain employed suffer from
negative outcomes such as lower wages, worse benefits,
and earlier retirement. On the other hand, automation of
rote tasks has many positive effects such as accelerating
economic growth. With mundane tasks being automated,
new job opportunities are created and highly skilled workers
are free to redirect their efforts on more complex tasks
or exercise their creativity in ways that were previously
not possible. Additionally, consumers benefit from lower
prices and shorter time-to-market, and communities benefit
from improved safety and sustainability. We explore all of
these tradeoffs in more detail as they affect producers,
consumers, and society as a whole. We also investigate
policy opportunities pertaining to worker training, job
benefits, sustainability, and government infrastructure.

For centuries, people have been developing new tools
and technologies to facilitate the production of goods

and to support the progress of society. For just as long,
these innovations and technologies have sparked controversy
as they replaced humans who had previously performed
similar tasks and were compensated for doing so. Eventually,
individuals and societies adapted to these changes and
redirected their time and creative energy to new ventures
which did not and were not able to exist previously.

Of course, this is not the entire story, and we must consider
both the global- and individual-level effects of automation
as it continues to grow into new industries and uncovers
new possibilities. In this report, we will discuss automation
in manufacturing, which we define as the use of equipment
to decrease the amount of manual labor required in a
manufacturing process. Generally, the stated end goal is to
increase production capacity and consistency while reducing
costs. This review will delve into both the potential benefits and
drawbacks of this transition into automated manufacturing,
drawing upon both models and empirical evidence. By
examining various studies and examples, we aim to provide a
comprehensive overview of the impact of automation on the
manufacturing industry and the existing policy landscape while
mapping out possible paths for the future.

Current state of automation in industry: There are
three main categories under which manufacturing automation
falls. Fixed automation is designed to perform a single
function, such as large scale production of a specific part,
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very efficiently and with little to no human interference.
Programmable automation refers to machines that can
perform multiple functions. These can be used to produce
multiple different products or parts, but generally requires
manual changeovers which causes downtime while switching
settings. Finally, there is a middle ground of flexible
automation, which is programmable for a limited number or
style of products. This type of automation combines aspects
of fixed and programmable types to be more versatile while
also reducing downtime [1].

All three types of automation are becoming increasingly
popular in many industries, including automotive
manufacturing, medical devices and pharmaceuticals,
food and beverage, consumer products, electronics, and
packaging. The technologies are frequently used to enhance
efficiency and consistency in production, but they go beyond
physical fabrication. Automation is also used to boost the
speed and accuracy of testing, documentation, and reporting.
Particularly in the pharmaceutical and food industries,
automated reporting and analytics substantially reduce
production time and waste. In automotive manufacturing,
automation is also commonly used to contain built-in safety
features which make both the workers and the consumers
safer.

On top of the industrial automation focusing on process
equipment, automation of workflow and knowledge process
with the use of machine learning and artificial intelligence
(AI) has also come into the picture in the recent wave of
automation. For example, in labor-intensive processes that
requires manual logging, large language models (LLMs) are
effective in extracting keywords and recognizing patterns that
humans may miss [2]. This can also have a profound impact
in the labor market as machines become smarter and smarter.

Main motivations and concerns: We look at automation
through the lens of three broad types of stakeholders: supply
side (companies and workers involved in the production and
provision of the goods), consumers (those who demand,
purchase, use these goods), and the society or environment
at large. The primary drivers of automation are often
efficiency, uniformity, and safety in production. If firms can
produce more at lower costs, they can increase profit
margins and competitiveness. Quicker production can lead to
shorter time-to-market for important products such as medical
devices. Heightened ability to produce and generate value can
boost local economies and create more prosperous societies
as a whole.

At the same time, automation can displace workers and
may potentially drive down employment if fewer employees
are needed to perform the same tasks as before. Depending
on how advanced the technology is, how difficult the task is
to be automated, and how much firms attempt to cut costs,
the resulting goods may be of worse quality or held to a
lower standard than those made by people. Machines must be
calibrated and can make mistakes, which could compromise
efficiency, generate more waste, or, in the worst cases, pose

a threat to worker safety. The expansion of manufacturing
capacity, the increased consumption of power needed for
automation, and geographic concentration of production can
have significant environmental ramifications. In this report, we
further detail all of these pros and cons and strive to present
a nuanced view of automation in manufacturing and how
policies can steer automated manufacturing towards positive
outcomes.

Supply side considerations
Productivity: Automation in manufacturing is driven by the
decisions of firms, and its driving forces are its ability to speed
up and standardize the production of goods. A McKinsey
report cites technical feasibility, implementation costs, labor
costs, quality, and social acceptance or regulation as the
primary factors to consider in deciding whether to introduce
automation into company workflows [3]. It is important to note
that larger firms are more inclined to invest in fixed automation.
They are more able to make sizeable capital investments on
technology, and stand to gain more from cutting down on labor
costs in the long run by displacing a large number of workers
in the firm. On the other hand, it is more advantageous for
smaller firms to invest in flexible or programmable automation.
Production that typically occurs in smaller batches benefits
from machines that can switch between multiple tasks, and
these machines require higher skilled workers to operate and
maintain.

Economic models suggest that tasks requiring an
intermediate skill level are the first to be automated. This
phenomenon is termed interior automation and occurs
because the jobs of high-skill workers are too difficult to
automate, while low-skill labor is cheap enough to continue
being manual. Firms which enjoy large enough increases in
productivity and profit will eventually also implement low-skill
automation as well [4]. While the advent of LLMs and
more advanced machine learning technologies may eventually
lead to increased automation of higher skilled labor, these
advancements will continue to require human monitoring
and development. In the next sections, we further discuss
the implications of new technologies on the changing skills
required for the evolving workplace, as well as the extent to
which jobs adapt instead of disappearing.

This phenomenon is linked to the concept of specialization,
a core economic principle that states societies become more
productive when individuals specialize in their strongest areas
and then trade with one another. This allows individuals to
hone their skills and perform one task (or category of tasks)
extremely well instead of a wide variety of tasks at a mediocre
level [5]. New findings have suggested that automation allows
workers to specialize more efficiently. A limiting factor for the
productivity gains from specialization come from the added
coordination that must take place between workers assigned
to different segments of the overall process. However, Gong
and Png find that when some processes become automated,
human workers are able to specialize further without the
increased costs of coordination [6]. This result is made
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Figure 1: Changing job market from 1940 to 2018, adapted from
Autor, Mindell, and Reynolds, 2020 [9]

even more significant when we also consider evidence that
specialization boosts earnings as well as productivity [7],
which may benefit both workers and firms.

Wages and employment: An abundance of research
documents the decline in labor market outcomes that results
from automation, such as the study by Acemoglu and
Restrepo [8], which isolated the impact of additional robots
on wages and employment. Job loss and declining wages
are, of course, far from the whole story. Automation generally
takes over the completion of repetitive tasks, freeing up human
workers for more innovative and intellectual work. In fact, as
shown in Figure 1, more than 60% of jobs in 2018 did not exist
in 1940, largely because we lacked the technology, the ability,
or the time to perform these tasks [9]. Looking only at changes
in labor market outcomes over time in existing industries is
a drastic over-simplification of the true effects of automation,
which can bring entirely new industries into existence.

In addition to those workers whose jobs were directly
displaced by automated processes, it is also important to
highlight those who must adapt their skills to using these
new technologies in their work. Deming and Noray observed
that the rate of skill obsolescence is faster than ever by
tracking the skill requirements content of occupations in
online job postings. Because the skills required in the
workforce are shifting so rapidly, the earnings premium for
college graduates in technology fields declines rapidly without
continued education. This leads many older workers, who are
less willing or able to keep adapting to constantly shifting
skill sets, to sort out of faster changing jobs and into roles
which value experience over readiness to pick up the latest
technologies [10].

A study by Hudomiet and Willis followed the spread
of computerization in companies and how it affected older
and younger workers between 1984 and 2017 [11]. Older
workers who were not as tech savvy as their younger
counterparts began using the computers, both at home
and in the workplace, with a delay. The computer usage
eventually evened out across age groups, but the temporary
knowledge gap that characterized the staggered uptake of the

new technology led to significant negative effects on wages
and employment for the older employees. These effects are
observed to be largest among women and medium-skilled
workers, which is consistent with the model of interior
automation and leads to wage polarization, as these firms
skew toward high-paid and low-paid workers after displacing
the middle [4].

Though one of the most common arguments in favor of
automation in manufacturing is that it frees up human workers
for more creative, innovative, and fulfilling jobs, it is worth
noting that this is not always the case. There is evidence
that job loss from automation comes from firms that fail to
adopt the new technologies, while those that do adopt actually
may expand their employment numbers to keep up with
growing productivity [12]. This trend, combined with the interior
automation and skill obsolescence effects, means that some
workers will also be displaced from higher or medium-skill jobs
into lower skill jobs. These jobs are often more tedious, lower
paid, and less desirable. For instance, an individual may go
from doing more creative work in a small shop to operating
machinery in a large warehouse.

Amid the rise of LLMs, it is still uncertain whether
highly-skilled jobs can now be substituted by AI. A recent
research study by Tolan et al. computed AI impact score for
various occupations based on tasks involved and cognitive
abilities required. The study indicates that jobs that have
higher AI exposure, such as database engineer, may be
impacted in the current wave of automation [13]. In addition,
language models have demonstrated promising potential for
performing complex tasks. Systematic review, which used
to be an expensive and tedious process requiring highly
skilled subject matter experts conducting literature research,
information screening, and analysis, is also on the list [14].
The use of LLMs in automating various tasks is still in its
infancy, but we cannot disregard its future impact on the labor
market and recognize that the shift in job market may comprise
of the replacement of some highly skilled workers and the
creation of new AI-augmented roles.

Safety: Aside from streamlining production itself, companies
can also use automation to improve safety for their workers
by implementing safety measures or by using machinery to
complete tasks which are dangerous when done manually.
By analyzing safety statistics at a manufacturing plant before
and after computer automation of an assembly process,
Karwowski et al. found that the automation greatly reduced the
occurrence of accidents related to the handling of materials.
Because human workers were removed from the manual
assembly tasks, fewer employees were exposed to harmful
debris from the manufacturing process [15].

However, the safety risks associated with new technologies
and machinery must be considered simultaneously. The
same study found that the computerization introduced new
hazards for maintenance personnel, and in fact there was an
increase in incidence rates for those workers who still worked
on the main assembly line and operated the automated
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