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lthough automation has taken hold slowly in the life
sciences, it has come to play an increasingly important
role in keeping the drug industry moving ahead. While
other industries such as general chemicals and spe-

cialty chemicals consistently moved to apply new technologies
and improve manufacturing performance, the life-science in-
dustry lagged behind. But in the past few years, the pace of in-
novation has accelerated greatly, and it shows no sign of slow-
ing down. This article will look at major automation trends in
the life-science field from 1977 to the present and provide ideas
about possible developments in the years to come.

The old days (pre-1977)
The first programmable logic controller (PLC) debuted in
1969, but its widespread use in the pharmaceutical industry
was still years, if not decades away. Channel-based analog
equipment was the standard. Single controls—either pneu-
matic or electronic—were mounted on walls in big racks. Lit-
tle, if any, data were recorded by means other than manual
recordkeeping, which was performed on paper by operators.
Circular chart recorders and strip chart recorders were the
main way of recording process parameters. 

The late 1970s and early 1980s
The first distributed control systems (DCSs) emerged in 1975,
and they were used mostly in the chemical industry at first. DCS
gained popularity in the life-science industries in the latter part
of the decade and in the early 1980s. The US Food and Drug
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Administration was ramping up its regulatory requirements,
and automation was seen as a good tool to facilitate compli-
ance. The pursuit of automation accelerated when batch-con-
trol automation and batch-unit operations control became
available in 1983. The ability to use configurable, off-the-shelf
(OTS) software to write sequences, take automatic actions based
on failure, create recipes, and synchronize parallel-unit opera-
tions delivered significant improvements to life-science man-
ufacturing. Implementing automation was a large, challenging
task because control rooms and wiring were centralized. Every-

thing was linked to a combination of a main control room and
a massive main wiring hub. Thinking about batch software logic
and failure handling was new to many people.

Through the second half of the 1980s, new technology ap-
peared and eclipsed the previously dominant DCSes. Cus-
tom-built DCSes were replaced by commercial OTS systems,
which were much less expensive. New products fostered an
aggressive move away from customized hardware develop-
ment to standard common OTS products using Ethernet
communications.

The late 1980s and early 1990s
Once people gained experience automating batches, batch

standards began to be developed. The goal was for everyone
to talk the same language, use well defined terms, and share
a common architecture. The first batch automation standard,
S88 (on which work had begun in 1988), was approved by
the Instrument Society of America in 1995. S88 was initially
implemented in two applications, PID’s “Open Batch” real-
time batch-recipe execution service and Consilium’s “Direc-
tor” manufacturing execution system. These applications be-
came the basis for many of the batch-automation solutions
that developed around the S88 standard. In addition, the
World Batch Forum was founded in 1994. This forum for the
batch-process industries focuses on best practices for au-
tomating and applying technology to batch manufacturing.

By the mid 1990s, several product platforms built on these
new standards began to appear. The concepts of class-based
configuration software were developed. Class-based software
facilitated the establishment of common libraries of build-
ing-block modules linked to unique instances of the mod-
ules as they are applied. The library modules were then quickly
replicated, but change control could also easily be applied.
Because the various instances can maintain the characteris-
tics of their class, it was easy to change them and document
the change. Although not initially applied to their full extent,
these concepts enabled the modular construction approach
used by most life-science companies in the early 2000s.

In addition to automation standards, regulatory concerns
arose involving system management, production automa-
tion, and the data being created. In response to the uncer-
tainty about validating computer systems, end users, automa-
tion vendors, and consultants collaborated to define and
standardize practices. In 1994, the Parenteral Drug Associa-
tion (PDA) issued Technical Report 18: Validation of Com-
puter-Related Systems. In 1995, the Good Automated Manu-
facturing Practice (GAMP) Forum issued The GAMP Guide
for Validation of Automated Systems in Pharmaceutical Man-
ufacture. GAMP became the user community’s forum for
comments and responses to governmental regulations. Also,
PDA issued Technical Report 32 to define good practices for

The past 30 years brought many changes to the life-science automation
environment. The pace of changes is accelerating. Choosing the right
automation partner is increasingly important as automation and information
management become more critical to life-science manufacturing and
operations. An automation supplier should be financially strong and robust.
Because the pace of technology change continues to accelerate, it’s vital to
have a supplier who will be able to support investment over time. An
automation supplier should also be global. This chacateristic supports the
establishment of almost identical plants around the world and allows clients
to relocate manufacturing at will. Finally, an automation partner must have
the experience and technical wherewithal to strike a balance between
delivering leading-edge solutions and respecting the conservative nature of
most life-science companies.

A few thoughts on choosing an automation vendor
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auditing suppliers. Although 21 CFR Part 11 was not formally
issued until 1997, it had begun to be developed in the early
1990s. Part 11 focused on how to design, implement, test, and
manage change with automation systems and the electronic
data created. By the late 1990s, the focus had clearly begun
to shift from applying technology to managing records and
demonstrating regulatory compliance.

The late 1990s and early 2000s
The standardization movement gained momen-
tum with the advent of the new century. Life-
sciences companies built upon trends from the
early 1990s by using distributed hardware and
putting Ethernet-enabled input–ouptut in the
field. These measures were followed into the field
by controllers and their cabinets as centralized rack rooms
were superseded. Yet, life-science companies proved quite
conservative when it came to adopting the digital field buses
that were becoming common in other industries. These com-
panies are only now moving in this direction.

Life-science industry users also accelerated their demand

for standardized, configurable, OTS equipment. They also
began demanding standardized connections between software
applications. In the real-time world, standards such as Ole for
Process Control (OPC) became the accepted means to share
data between plant-floor applications.

Yet more real-time connectivity for batch information was
needed, so the industry participated in the development of
the S95 standard to help define connections between appli-
cations such as enterprise-resource planning and plant-floor
automation systems (e.g., DCS) to make batch execution and
recipe management more effective. Recipe- and materials-
management applications, their interaction, and their con-
nectivity were key for life-science users.

The regulatory burden peaked at the turn of the century.
Restrictive audit findings by FDA (which increased the bur-
den of rules already on the books) and the more general year-
2000 computer issues led life-science companies to focus on

meeting regulations, not on improving manufacturing. Com-
panies used GAMP and other industry avenues to warn reg-
ulatory bodies of their heavy burdens.

Regulations such as Part 11, however, also drove the life-
science industry to move to the forefront in some areas. Today,
life-science companies are ahead of chemical and other in-

dustries on the issues of data security, record security, lot
tracking, and batch management in general. Not only did fear
of Part 11 enforcement inspire the industry to take action,
but the regulation’s focus on electronic data and record is-
sues caused companies to reevaluate and modify their sys-
tems even when enforcement lessened. Also, life-sciences ven-
dors were motivated to improve product features for electronic
data and records.

Recent changes
In response to the industry’s concerns, FDA released its
report titled Pharmaceutical CGMPs for the 21st Century  -
—A Risk-Based Approach in 2004. FDA’s new policy al-
lowed life-science companies to be innovative and to apply
risk-based technology approaches to improve manufac-
turing. As a result, the adoption of digital buses, advanced
control technology such as neural nets and multivariable
process control, and embedded in-line analytical analysis
is becoming widespread.

Further extensions of the standards movement include com-
pletely modularized plant construction and the accelerated
use of standardized skid-mounted equipment. These changes
made the construction process faster. Combined with the
spread of standards and class-based approaches, they have had
a significant effect on automation and technology. Standard-
ized process equipment spurred the use of commercial, OTS
hardware for networking, computing, and user interfacing.
This hardware makes support easier to deliver and accelerates
the technology change life-science companies face.

Also significant is the increased use of operational excellence
programs such as “OpX.” When life-science companies exam-
ined automation in the 1970s or early 1980s, their risk-adver-
sion and lack of incentives to optimize manufacturing meant
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they only relied on techniques that had already been proven.
This has clearly changed. The business is more competitive,
customers are increasingly price-conscious, and manufactur-
ing and supply-chain efficiency is more important. The plant
floor and production are now tied to the way laboratories work,
to the timely release of new products, and to overall profitabil-
ity. Putting the right kind of automation platform in place can
help reach these goals.

Operational excellence also has accelerated companies’ top-
to-bottom integration. Because FDA now allows more flexi-
bility in approaches to automation, companies are increas-
ing the integration of their control system and their various
enterprise systems. The OpX program also encourages the

change from paper-based compliance systems to electronic
records and will continue to change how life-science compa-
nies optimize unit operations, manufacturing, product ap-
proval, and product release. 

Another big trend is flexibility. The industry is moving
from what had been organic-based synthesis and organic-
based products to biologic products. Biologics are more
complex, but they’re also targeted at smaller groups and
even individuals. They require significantly more flexibil-
ity on the part of a manufacturer. Manufacturing-execu-
tion systems integrated with process-control systems will
become the platform for flexibility, optimization, and
compliance. PT
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