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INTRODUCTION

Following any tech transfer project, the subsequent startup of the manufacturing line is almost always full of
challenges. The goal is to startup as soon as possible once the project is completed but also to achieve steady
state throughput as quickly as possible after the startup begins. This type of startup is what is called a “Vertical
Startup.” In practice, vertical startups are rare because management teams typically focus their attention
on having the facility and the equipment qualified in time to meet the process qualification milestone. The
consequences of this thinking is that a broad range of workstreams are often neglected or receive inadequate
attention although they are critical to startup. Workstreams like staffing, training, procedure development,
supply chain, analytical methods, etc. must all be ‘ready to go’ by this important milestone. The result can
be like having perfectly tuned race cars lined up on the starting line of a Formula 1 race, but with untrained
drivers, little gas, unpracticed pit crews, and no spare parts.

Vertical Startups do not happen by accident. The first step requires management teams to transition their focus
from a process qualification milestone to an Operational Readiness milestone. Once this happens, operations
departments can achieve a Vertical Startup by applying the principles of Operational Readiness, a proven
methodology used across the spectrum of manufacturing industries. Not only is it ia proven methodology, it
is central to the practice of technology transfer. Despite its importance, Operational Readiness is often not
fully understood, not correctly applied, or is confused with the principles of Operational Excellence.

The primary objective of this article is to inform the reader (particularly those who are a part of management
teams) about Vertical Startups and how Operational Readiness is the organizational state that needs to
be reached in order for vertical startups to exist. The secondary objective is to help the reader build an
understanding of Operational Excellence in addition to Operational Readiness. The series will also highlight
the need to: (1) design systems which are comprised of production-friendly equipment that is easy and safe
to maintain and operate; (2) implement organizational systems to allow for the swift and smooth startup of
new equipment recognizing safety, product quality, and cost; and (3) decrease the Life Cycle Cost (LCC) of
equipment and facilities.
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WHY A FOCUS ON READINESS?

Getting off to a good start is the essence of Operational Readiness (OR). OR is a management approach
widely used in the chemical production and energy sectors which has direct applicability to drug makers.
These industries use formal Operational Readiness and Assessment (OR&A) programs as a risk management
paradigm to guide management practices for performing pre-startup reviews of (1) new processes regardless
of scale, from big plants to small plant startups, (2) processes that have been shut down for modification,
and (3) processes that have been administratively shut down for other reasons. However, being “ready”
needs to go beyond just performing pre-startup reviews — particularly for the life sciences industry. It needs
to include an analysis of the product input and output variances and the control strategy deployed — not to
mention evaluating the actual startup afterwards, which is one of the best performance indicators of OR.
For all engineering project startups, anything less than getting up to speed swiftly and smoothly should be
considered a lack of preparedness. Considering these points and the definition used in other industries, we
define OR as:
Operational Readiness is the state of preparedness attained by an
organization when they can safely and efficiently startup, achieve design
throughput within the design timeframe, and operate that process in

control , in a sustainable and environmentally friendly manner.
Whereas the idea of Operational Excellence is broader by nature and involves a focus on the value stream:

Operational Excellence is when each employee is commited
to mastering their role, can see the flow of value to the customer,
and works to continuously improve that flow.

This definition of Operational Excellence is insightful when considering the concept of the Pharma 4.0™
“holistic control strategy,” which is enabled by digitization and targets all stakeholders along the value chain.
"All the necessary data are managed in real time, fully transparent, and available for sound real-time decision-
making, improving quality, manufacturing process efficiency, and accuracy. In sum, the holistic control strategy
ties regulators, industry members, and patients together in an overall holistic value network structure driven
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Figure 1 - Startup Profiles for Two Different Companies

by the Pharma 4.0™ operating model” Given the different domains of both definitions, it is easy to see why
it is necessary to separate the terms from one another.

To become operationally ready, leaders must begin working toward that objective early in the project — ideally
at the beginning stages of the project during the preliminary design review (but no later than the Design
Qualification). This early involvement may surprise most operations managers, but this effort is essential.
The traditional approach at these design review stages is to evaluate design concepts for feasibility, technical
adequacy, risks, and general compliance to requirements. However, with the ever more complicated equipment
being introduced to the market, along with the complex processes being designed, organizations need to
start evaluating how friendly the equipment and processes are to operate and maintain, and procuring resilient
equipment which eliminates unplanned downtime. Traditionally, these earliest design activities frequently
overlook the operators and maintainers, which becomes evident during plant startup. Instead, the inputs
received to the design in the early stages come from scientists who usually don't have production-scale
manufacturing experience. This is a typical miss and projects lose the opportunity to have people experienced
in manufacturing provide early input into the process design. Consider the following tale of two startups in
two different imaginary companies:

In Figure 1 above, the blue graph represents a company who has invested the time and energy early in the
design and prepares its operators and supervisors to startup and operate the equipment. Their startup is on
time and it is “vertical” One could conclude that this company is “Operationally Ready” and they achieved
that preparedness level prior to startup. WWhereas, the orange graph represents an average company's attempt
at readiness. They have a “flat” startup, which is costly to patients and investors, and exhausting to their staff.
Demand goes unmet or competitors launch competing products. Startup costs rise. And despite their best
efforts to reach capacity, their startup period grows longer by the day. Everyone’s been there, but it doesn’t
have to be that way. There are three main areas for consideration by leaders that could ease the challenge
of any startup regardless of the end purpose. These are: (1) problem prevention, (2) production friendly
equipment and systems, and (3) an organizational approach that formalizes operational readininess into an
human organizational assessment system.
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SYSTEMS THINKING FOR
PROBLEM PREVENTION

First, the industry must change when problem identification occurs. Evidence shows that the earlier
problems are identified in any engineering project , the better the project performs both in the short term
and throughout the entire life cycle of the project. In most engineering projects, designers, project teams,
and customers still more or less react and address problems when they arise during the post-construction
testing and startup stage as they rush to project completion. Instead, entering the project with a prevention
mindset will tend to drive problem identification early “on paper.” This is not an easy activity since there is
no physical equipment to look and the best you often have is preliminary drawings. This approach succeeds
when using multi-functional teams guided by a rigorous process that requires a “systems thinking” mindset
before construction begins. “Systems thinking” can mean different things to different people but for this
paper it simply means that one should always think in terms of the whole system rather than the parts of the
system. As an extreme example, thinking strictly about building a greenfield facility without thinking about
getting ready to operate the new facility could reasonably result in a project that delivers ahead of schedule
and under budget but without anyone who is ready to turn it on. Or more commonly, not thinking about how
easy or difficult the plant is to operate when the design is on paper (and changes are less costly to make) and
waiting on a “debugging” period to identify problems before, during, and after plant startup does not follow
a "“systems thinking” mindset.

Refer to Figure 2. In this figure, the number of problems identified are now included as a bar graph depicting
a simple count of problems versus time. When comparing the timing to the startup, operationally ready
companies eliminate problems through redesign, procedure development, and training prior to startup. The
net effect is improved operability and maintainability.
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Whereas in Figure 3, problems with maintainability,
operability, safety, and supportability are identified
during testing and after startup. This delays the facility
achieving full-scale operational output. Moreover,
overall life cycle costs increase as design changes
become cost-prohibitive or are intentionally delayed.

The inevitable time pressures from this company’s
poor startup will lead to “heroic,” uniquely designed
fixes that are unsustainable operationally or
financially, creating further waves of problems to
solve long after startup.

OPERATIONAL
READINESS AND USER
FRIENDLY PLANTS

Second, designers must begin adding a new function
to the design team, someone skilled in the ways of
operability — similar to the function of a user interface
designeron a software engineering team—to maintain
“production friendly” status throughout the project.
Human-machine interface best practices can be used
to greatly improve equipment operability. A properly
designed interface solution not only enhances
productivity of the operator, but also provides system
insight to control and maintain the machine.

Much of the pioneering done in this area relied
on carefully documenting lessons learned and
constructing varying levels of mockups in advance
of building the final product. Lessons learned
would have the greatest impact when designs were
repeated in “a cookie cutter” approach which is not
as prevalent today. Similarly, mocking up designs
were used when the technology tended to be more
static and were not expected to undergo substantial
changes throught the life cycle of the equipment.

The fast pace of change in the industry precludes much
of this from being as effective as it was in the past.
Nevertheless, the end goal of a vertical startup must
incorporate human-machine interface development
in order to improve plant operability, maintainability,
and throughput. User friendly equipment makes
the condition of being operationally ready that much
easier to achieve.
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Figure 4 - Logic Diagram for Operational Readiness

FORMAL OPERATIONAL READINESS
AND ASSESSMENT PROGRAM

Lastly, companies should develop and implement an OR&A program that anticipates problems and
either eliminates them or puts management systems in place to mitigate them. OR&A programs have
historically recognized that an operational system is comprised of multiple elements: (1) People, (2)
Procedures, and (3) Equipment. Consequently, an organization’s preparedness efforts need to address
these three areas individually as well as in an integrated fashion. Logic trees are frequently used for this
effort as a visual diagnosis that lays out a problem and all its possible solutions, allowing you to choose
the best course of action.

Figure 4 - Logic Diagram for Operational Readiness

Figure 4 lays out the three key elements to achieving Operational Readiness through an "AND" relationship,
which means all three are required. These three elements provide only half of the analytical picture, however.
Consideration must be given to the interfaces among these elements.

e Do the people match the equipment? Is the equipment properly operable for the people who have
been selected and trained to operate it; e.g., have we selected people with proper color discrimination
to deal with colorcoded equipment elements?

e Do the procedures match the equipment? E.g., have we avoided situations in which the operators have
been given Version 1 procedures manuals to operate Version 2 equipment?

¢ Do the procedures match the people who are to use them? Do we have selection procedures which
assure a proper degree of functional literacy for people who must read and understand complex work
procedures; e.g. have we written procedures that focus a person’s attention on the step-by-step task
amid the distracting surroundings?
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CONCLUSION

The confusion that surrounds Operational Readiness is understandable. The ideal behaviors needed on
the Operational Excellence journey are the same behaviors needed to achieve Operational Readiness.
Accepting that both have different contexts is critical to eliminating the mix-up. Operational Readiness
requires a mindset of problem identification, anticipation, and elimination in advance of starting up.
Operational Excellence is an obsessive focus on the value chain throughout the life of the product, which
still requires the same identification, anticipation, and elimination of problems in addition to the other
behaviors that drive continuous improvement.

Generally speaking, when it comes to OR&A programs companies have two choices: They may invest
time and money to perform the extra early work to prepare as in the case of our imaginary company with
the vertical startup, or they may accept the uncertainties and/or lack of system control that may result by
waiting until the last minute. The evidence clearly favors the former (compare Toyota and GM'’s approach
and performance in the 1970's and 1980°s); therefore, all parties involved in engineering projects and the
subsequent startup need to be clear that the objective is to achieve Operational Readiness, as opposed to
merely completing the project.
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