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About BioPhorum
The BioPhorum Operations Group’s (BioPhorum’s)
mission is to create environments where the global
biopharmaceutical industry can collaborate and accelerate
its rate of progress, for the benefit of all. Since its inception
in 2004, BioPhorum has become the open and trusted
environment where senior leaders of the biopharma
industry come together to openly share and discuss the
emerging trends and challenges facing their industry.
Growing from an end-user group in 2008, BioPhorum now comprises 53 manufacturers
and suppliers deploying their top 2000 leaders and subject matter experts to work
in six focused Phorums, articulating the industry’s technology roadmap, defining the
supply partner practices of the future, and developing and adopting best practices in
drug substance, fill finish, process development and manufacturing IT. In each of these
Phorums, BioPhorum facilitators bring leaders together to create future visions, mobilize
teams of experts on the opportunities, create partnerships that enable change and
provide the quickest route to implementation, so that the industry shares, learns and
builds the best solutions together.
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1.0

Introduction

Under the auspices of the BioPhorum IT (BPIT) collaboration group, 20 industry experts from 11 major biopharmaceutical
manufacturing companies created the Digital Plant Maturity Model (DPMM). The model describes maturity levels that range
from manual paper-based, i.e. ‘pre-digital’ plants, through to the fully automated ‘adaptive’ plant of the future. The model is
designed to help companies transform their manufacturing capability and address questions that were previously difficult to
answer, such as:

•	what does the concept of ‘digital plant’ mean in biopharmaceutical manufacturing?
•	how can digital plant capabilities be defined, measured and transformed?
• how mature is my plant today?
•	how does my plant compare against industry benchmarks?
•	what is my transformation aspiration in the next three, five and 10 years?
•	what are the prerequisites for moving up the maturity curve?
The DPMM is used by BPIT member companies to assess plant maturity, identify capabilities to develop, create strategic
plans and roadmaps, influence suppliers and develop human resources competency and development frameworks.
A DPMM Assessment Tool has been developed to enable companies to conduct single-plant and manufacturing-network
assessments with a high degree of consistency. Assessment results can be used for internal benchmarking and transformation
planning. This paper describes the Assessment Tool and provides best practice guidance for its successful use.
For additional information, please read the white paper The development of a Digital Plant Maturity Model to aid
transformation in biopharmaceutical manufacturing1.

2.0

DPMM background

The DPMM is a multidimensional model with five maturity levels defined across eight business dimensions and enabling
capability dimensions. The Assessment Tool provides detailed criteria for rating maturity levels for each capability dimension.
Since the DPMM’s initial development, practitioners in BPIT member companies used version 1 of the model to assess their
manufacturing plants. The learnings from these assessments were used to refine the model and develop DPMM version 2 and
the Assessment Tool.

2.1 Digital plant maturity levels
See Table 1 for digital plant maturity level headings and descriptions.

Table 1: Digital plant maturity levels
Maturity level

Level name

Description

1

pre-digital plant

manual, paper-based processes

2

digital silos

‘islands of automation’

3

connected plant

high level of automation, integration and systems standardization

4

predictive plant

integrated plant network, pervasive real-time predictive analytics

5

adaptive plant

‘plant of the future’, autonomous, self-optimizing, plug-and-play

In maturity Levels 1 and 2, the focus is on operations at individual plants. As maturity increases from Level 3 to Level 5,
greater emphasis is placed on the plant as part of an integrated network of internal and external plants. This includes the
end-to-end value chain that encompasses the patients who are the ultimate consumers and recipients of the medicines
manufactured at the plants.
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Level 4 maturity, predictive plant, represents the highest
level of automation and integration achievable with
current technology. Level 5 maturity, adaptive plant,
is not achievable with today’s technology and requires
significant advances not only in digital capabilities but
also in manufacturing process, sensor and analytical
technology. These advances are described in detail in the
BioPhorum Biomanufacturing Technology Roadmap2.
The BioPhorum Biomanufacturing Technology Roadmap
and DPMM maturity Level 5 represent an industry
vision to dramatically advance the state-of-the-art
manufacturing of medicines derived from biological
compounds. The goal is to greatly reduce the time and
cost to build new biologics manufacturing plants, while
markedly increasing production yields, throughput and
agility. These transformational improvements are essential
to realizing the immense benefits of biologic-derived
medicines for as many patients as possible.
In 2017, use of the DPMM at BPIT member companies
showed that the majority of biopharmaceutical
manufacturing plants are at maturity Level 2 or 3, with
a few leading plants starting to implement Level 4
capabilities.
In the DPMM, maturity is rated separately across eight
dimensions of business and enabling capabilities.
Business capability dimensions:

•
•
•
•

manufacturing execution and process automation
lab execution and quality management
manufacturing support
production planning and supply chain.

Enabling capability dimensions:

•
•
•
•

people and culture
business insights and analytics
systems interoperability and governance
IT security and operations.

In many manufacturing plants, organizational boundaries
exist between the information technology (IT) and
operational technology (OT) or automation organizations.
However, as plants move to higher maturity levels (Level
3 and above), pervasive integration is required between
the shop floor control systems (traditionally in the domain
of the OT organization) and the site-wide operational
systems (traditionally in the domain of the IT organization).
Therefore, the DPMM and Assessment Tool encompass
both IT and OT.

3.0

Intended use

The DPMM provides a common framework to be used
across the biopharmaceutical manufacturing industry to
assess where plants are on the continuum of maturity from
manual paper-based to fully automated operations.
The DPMM and Assessment Tool are designed to: 1)
provide insight into the maturity level of a specific plant
site and to inform investments needed at the plant, and 2)
enable comparisons of capabilities across plants (internal
and external). Investment portfolios and roadmaps can be
designed to help companies progress plant and network
maturity from the current state to the desired state.
The common language in the DPMM facilitates
conversations between companies and their external
stakeholders. For example, between a manufacturer
and its software or shop floor equipment suppliers,
between a sponsor company and a contract
manufacturing organization or between merger and
acquisition counterparts.
The DPMM tool is designed to support two approaches
to conducting assessments: a quick, relatively informal
assessment and a comprehensive assessment. The
choice of assessment approach depends on a company’s
goals, culture, resource availability and the complexity
of its plant network. See Section 6 (Best practice) for
more details.
The quick assessment is an informal approach and is
neither time nor effort intensive. BPIT member companies
use this option to assess the general maturity level and
maturity variance in a manufacturing network, compare
sites across a network and inform investment decisions at
program or platform levels.
The structured assessment is more formal and rigorous.
A project team is formed, more time is required and
a richer data set is produced to inform strategic and
transformational change.
While there is value in conducting a maturity assessment
to produce a numerical maturity rating for each plant,
many companies find greater value in the conversations
that occur during the assessment process, and in the
shared understanding among stakeholders that emerges
regarding a plant’s digital strengths and opportunities.
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4.0

 PMM use in BPIT member
D
companies

The DPMM and the Assessment Tool have been used
by an increasing number of BPIT member companies. A
recent survey gave insights into how member companies
use the model.
Among those surveyed, 78% actively use the Assessment
Tool for plant assessments, with an average number of
plants assessed per company of 22. One company had
assessed 62 plants across its network using the quick
assessment approach.
The Assessment Tool has been used to assess different
types of manufacturing plants including API, drug
substance, filling, formulation and packaging, and
covering both biologics and small molecule products.
One company has adapted the DPMM and the
Assessment Tool for assessing medical diagnostics
manufacturing plants.
In addition to plant assessments, companies have used
the DPMM to help define their digital strategy; in effect,
providing a language for digital transformation. The use
of the Assessment Tool provides a company baseline,

while the DPMM can be used to set a future target state.
The detail included in the tool can be used to inform
transformation planning and to define the necessary
steps to reach the target state. Results of the survey show
that 67% of companies are using the DPMM to aid both
strategy definition and transformation planning.
The most compelling message from the BPIT member
companies is that the DPMM provides the language and
mechanism for having the right conversations with the
right stakeholders, and that:

• the assessment process engages the right stakeholders
•	the Assessment Tool provides a neutral assessment
of the current state and facilitates agreement on the
future state

•	the details within the tool illustrates the level of
transformation needed.

5.0

The DPMM Assessment Tool

The Assessment Tool provides a mechanism for
companies to assess their plants using the DPMM. It
contains detailed descriptions of the five maturity levels
and characteristics for each of the business capability and
enabling capability dimensions.

Figure 1. Screen shot of Assessment Tool: Summary Sheet showing typical plant assessment results
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The Assessment Tool is provided in the form of a
spreadsheet with individual tabs structured as follows:

• introduction and instructions
• summary of assessment ratings
• detailed assessment rating
•	business capability dimensions
(one tab for each dimension)

The Assessment Tool includes two scoring systems.
The Summary scoring system uses qualitative ratings
and is suitable for use in a quick assessment. The
Detailed scoring system uses quantitative ratings
visualized via Harvey Balls and is suitable for a
structured assessment. You may use either (or both)
scoring system for your assessments.

•	enabling capability dimensions
(one tab for each dimension)

• glossary.

Figure 2. Screen shot of Assessment Tool: Laboratory Execution and Quality Management Sheet
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Each capability dimension contains the elements found in Table 2.

Table 2: Capability dimension elements
Element

Description and instructions for use

Introductory information

This describes each dimension’s scope and the typical systems or technologies that are relevant to the dimension.

Trend indicator

This allows the user to note whether or not there are ‘substantial’ projects underway to advance the plant towards
a higher maturity level. This rating is automatically reflected on the Summary tab and allows the user to distinguish
between plants that have similar maturity levels with, for example, one plant shown as being static while another plant is
shown as actively advancing. It is up to the individual company to decide what constitutes ‘substantial’ projects.
Note: use of this indicator is optional.

Maturity ratings

The user selects a separate rating for each maturity level. These ratings are automatically reflected on the Summary tab.
The available ratings and their meanings are:
•	plant matured past this level – used for lower maturity levels that no longer apply because the plant has moved on
to a higher maturity level
• partially describes my plant – used when the plant meets several of the criteria but there are still many unmet criteria
• fully describes my plant – used when the plant meets all or substantially all of the criteria
• does not describe my plant – used when the plant meets few or none of the criteria.
The maturity ratings are somewhat subjective. The DPMM is not intended to be a prescriptive analytical
benchmarking tool; there is flexibility for each company to apply the DPMM in the manner that best suits its
culture and assessment goals.

Assessment criteria

This lists the high-level assessment criteria for each maturity level. Each maturity level has three to six criteria which relate
to the assessed capability. An optional indicator (a Harvey Ball) is provided next to each criterion to allow companies to do
a more detailed assessment. A number from 0 to 100 can be entered in each Harvey Ball cell to indicate the extent to which
the plant meets the criterion (from 0% to 100%). The number is visible in the formula bar near the top of the spreadsheet
and determines the appearance of the Harvey Ball:
• values less than 5 display an empty ball
• values of 5 or more (but less than 38) display a ball ¼ filled in
• values of 38 or more (but less than 62) display a ball ½ filled in
• values of 62 or more (but less than 95) display a ball ¾ filled in
• values of 95 or above display a solid ball
These ranges can be adjusted by unhiding a hidden spreadsheet tab called Lookup and updating the section titled
“Harvey Ball Lookup.”

Score

If the Harvey Ball ratings are used, an average score for each maturity level will be displayed here and automatically
reflected in the Detail tab.

Examples

This provides additional context and explanation to supplement the concise descriptions in the Assessment
criteria section.

Comments

This provides a space for users to note any relevant information collected during the site assessment. Users are
encouraged to make frequent use of this section, as it allows context, background, questions, etc. to be captured.
The value of the assessment often resides more in the discussion and alignment among stakeholders than in the numeric
rating it produces; the Comments section is an important enabler and channel of this rich communication.
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Figure 3. Screen shot of Assessment Tool: Detail showing Harvey Balls
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6.0

Best practice

This section describes the two approaches to using the
Assessment Tool.

6.1 Quick assessment
This approach is designed to gather basic information
about the maturity level of a manufacturing network with
minimal impact on plant sites and minimal or no travel
required to conduct the assessments.

The Assessment Tool can be used in this mode by each
manufacturing site to complete a self-assessment,
resulting in a summary report that identifies areas for
deeper analysis and evaluation. This level of maturity
assessment can be done after receiving basic training
in using the Assessment Tool. There is no need for a
central team to visit each plant site provided there
is a capable person at the site who can lead the
assessment. Nevertheless, a site visit is recommended
for central assessment teams to help generate a deeper
understanding and information about each capability
dimension and to normalize the results.

Table 3: Quick assessment process steps
Process steps for a quick
assessment

Description

Duration

1. Context and planning

Depending on company culture, an endorsement from senior, above-site management may be
needed to ensure support and attention from site management.

1 week/or more depending
on the company
awareness about digital
transformation

Actions include:
• identify a person to lead the overall process
• align expectations with senior management
• define the purpose and scope of the assessment.
2. Preparation

Actions include:

4 hours/site

• inform the sites of the upcoming assessment
• identify a capable person to run the assessment (the site representative)
• inform the stakeholders and ensure their availability
• send DPMM introductory information
•	invite people to a 1–2-hour meeting (conference call) to explain how the DPMM and
Assessment Tool will be used.
3. Assessment

The site representative conducts the assessment.

1 day/site

Actions include:
• interview the key stakeholders for each dimension
• score the maturity level and collect all the relevant comments that support the score
• present the summary to the site leadership team and gather feedback.
4. Results and
post-assessment

Actions include:

1 day

• consolidate the results from all the sites in the network
• if necessary, perform a light normalization to ensure a fair view of the network
•	build a heat-map showing the distribution of maturity levels across the network to facilitate
the communication of results
• present the summary to senior management.

After completing the quick assessment, it is natural for stakeholders to discuss future state aspirations and to decide on a
target maturity level for the site. Depending on company culture (centralized versus decentralized), this strategic planning
could be initiated at the site level or orchestrated by senior, above-site management, or a blend of the two.

6.2 Structured assessment
This approach is designed to provide a comprehensive assessment of digital maturity accompanied by recommendations
for capability development. The assessment requires pre-work and is conducted by a central team that visits each plant
site. Compared to the quick assessment, this approach provides a more consistent assessment across the plant network and
generates a holistic network-wide improvement plan. It requires significantly more time, and potentially more travel, for a
team to prepare for and conduct an assessment.
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Table 4: Structured assessment process steps
Process steps for a
structured assessment

Description

Duration

1. Context and planning

Actions include:

1–2 weeks/site

• obtain senior management endorsement
• align expectations and approach
• define the purpose and scope of the assessment
• identify an assessment leader and form the assessment team.
2. Prepration and pre-work

Actions include:

2 weeks/site

• inform the site of the upcoming assessment
• request and gather information from the site
• deliver basic education to the site teams.
3. Site visit and assessment

Actions include:

1-3 days/site

• conduct interviews onsite with stakeholders
• conduct plant tour (if needed)
• summarize outcome and ratings.
4. Results and
post-assessment

Actions include:

2 weeks

•	consolidate the results from all the sites in the network and perform the required
normalization
•	build a heat map showing the distribution of maturity levels across the network to facilitate
the communication of results
• produce a summary report and presentation on the site's current digital maturity
•	identify opportunities and recommendations to move up the maturity scale as deemed
relevant for the site.
• present the summary to senior management.

6.2.1 Context and planning
Before conducting the maturity assessment, it is important
to frame its context. The objectives should be set and
expectations aligned with senior executives who should
fully endorse the maturity assessment to ensure its
success. Ideally, conducting assessments should be part of
executing the company’s digital manufacturing strategy.
Once endorsed, the actual assessment process and
approach should be defined and agreed with stakeholders.
Assessment outcomes can be used by strategy and
planning teams to support further decision-making or to
inform an initial step in a digital transformation journey.
If the Assessment Tool is used to conduct a structured
assessment, the assessment team might consider the
value in tailoring the tool to fit the company’s corporate
language. For instance:

• branding can be applied
•	names of specific systems or initiatives can be included
to help assess the plant more accurately

•	additional questions can complement the list of
proposed criteria

•	the language can be adjusted to use company
terminology and acronyms.

The scope of the assessment should be defined in advance.
Its application to a network of similar plants will facilitate
senior management decision-making and integration
into the company’s manufacturing strategy to drive a
transformation program.
During this step, it is important to identify an individual
to lead the assessment. They will be accountable for
completing the assessment and coordinating all the
activities. The leader will form an expert team to drive the
assessment and ensure that ratings are calibrated across
the plant sites.
Some companies have applied the DPMM to business
units outside of their biopharmaceutical manufacturing,
including chemicals and life sciences diagnostics. In these
cases, the model may require industry-specific adaptations
to individual criteria or referenced technology systems.
However, by not changing the fundamental structure and
levels used in the model, its value in use remains intact.
6.2.2 Preparation and pre-work
When the objectives and scope have been defined, and
the DPMM and Assessment Tool are ready to be used, it
is recommended that the assessment team engage with
the appropriate site and company-wide stakeholders in
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advance. This engagement should educate them about the
DPMM, its dimensions and use, how the assessment will be
conducted and how the results will be used. Key messages
include:

•	the true value of using the tool is generated from the
conversations and shared perspectives it elicit with
stakeholders, and from the innovation opportunities it
helps to identify

•	the use of the tool within the biomanufacturing
industry has shown most plants score in the range of
maturity Level 2 to 3

•	the appropriate target maturity level, and associated
level of investment in digital transformation, will vary
for each plant depending on the plant’s strategic plan
and purpose in the plant network.
The Assessment Tool includes an example questionnaire
that can be used to collect relevant information from the
sites in advance of the assessment. This pre-work helps
the assessment team to prepare for the site visit and guide
the conversation during the visit itself. Users of the tool
are encouraged to modify this questionnaire to suit their
particular needs.
When planning the assessment, preliminary instructions
accompanying the Assessment Tool can be provided in
advance to all stakeholders in the plant to facilitate the
process and guide the interactions. These could include:

• clarification of the scope and objectives
•	list of stakeholders involved, assessment approach and
estimated duration

•	current site business characteristics, structure
and objectives

•	current IT landscape, inventory and ongoing or
planned initiatives.
The Assesment Tool includes an example assessment
process, users of the tool are free to modify this process to
suit their particular needs.
6.2.3 Site visit and assessment
When the assessment leader and site team have
completed the preparatory work, the assessment can be
completed within a working day. It is preferable to conduct
the assessment on site. This allows the team to review the
completed questionnaire, discuss unresolved questions
and address any outstanding items. It is also recommended
to include a site tour as part of the assessment activity
to ensure a better understanding of the solutions and
systems used at the site and the working processes.

DPMM

The nominated assessment leader must ensure consistent
scoring for all business and enabling dimensions on a site,
as well as among the network of plants being assessed. It is
therefore recommended that assessments are supervised by
the same person or group of people. Companies may choose
to have digital plant maturity assessments led by a neutral
department, such as a company internal consulting group.
The outcome of the assessment will be compiled on
site, including proposed ratings for each dimension, and
opportunities for maturing capabilities and pursuing
innovation.
6.2.4 Results and post-assessment
Once the assessment has been completed and the scores
defined, the results will need to be analyzed; scores may
need to be normalized between plants. If the tool is being
used in a global scope, cultural differences across sites
may affect scores. Some stakeholders might respond
opportunistically, thinking that “a low score might allow
the site to receive more budget in the future”, while some
might overrate their capabilities.
When score normalization is completed, the output
will highlight patterns across the plant network, show
variations by region or business group and show which
plants have capability gaps and which are more mature
in the various capability areas. This analysis establishes
a baseline for digital transformation and enables
prioritization and decisions for digital initiatives at sector,
site and department levels.
Managing expectations is important and the assessment
result should be communicated to all stakeholders.
The DPMM assessment might raise transformation
expectations at site level than what might be defined at
group level.
To align site and group level expectations, it is
recommended to either extend the assessment to include
the development of a proposed transformation roadmap
for the plant or to include the assessment in a broader
digital innovation program. This may include developing a
roadmap of proposed initiatives to raise the level of plant
maturity and align budget and resource requirements.
Finally, recognizing that the DPMM assessment score for
a plant is produced at a specific point in time, it is valuable
to update the assessment on a regular basis as digital
initiatives are implemented to advance the enterprise
digital strategy. This will highlight the evolution of digital
capabilities and acknowledge stakeholders’ success in the
delivery of the digital plant strategy.
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7.0

Learning

The following points are observations and suggestions
from people who have used the DPMM in their companies:

•	set expectations with stakeholders about the likely
maturity rating before embarking on an assessment. As
stated in Section 2 (DPMM background), most plants in
the industry are at Level 2, with the leaders at Level 3

•	as with similar models, the assessment is subjective. It
requires stakeholder discussions and normalization of
scores to ensure alignment. Some people might over or
under rate capabilities

•	even if the workload can be spread across different
teams, it is better to have one team conduct the
assessments to ensure a consistent outcome
across sites

•	the assessment can be a way to identify process
improvement opportunities and to bring these to the
attention of stakeholders

•	valuable data are documented in the comments fields,
which adds context to help teams to better understand
the ratings

•	assessment leaders and teams should not
underestimate the time and effort needed to
adequately prepare for and conduct the assessment

•	the outcome of the assessment can be used as a
comparator for informal benchmarking with
other companies.
For biopharmaceutical plant environments, the DPMM
may be most valuable when used with the BioPhorum
Technology Roadmap to define an integrated roadmap
for manufacturing and analytical technology and digital
capabilities.
BPIT member companies have been creative in how they
use the DPMM and the Assessment Tool. One company
applied the tool to other types of manufacturing plants
outside of the biopharmaceutical manufacturing domain
for which the DPMM was developed. Another company
used the DPMM from a human resources perspective
to define a framework for developing staff skills to
enable the plant of the future. If you find an innovative
way to apply the DPMM, please let us know on
toolsfeedback@biophorum.com

8.0

Future direction

The DPMM was created to help describe the technological
evolution of biopharmaceutical manufacturing and to
communicate the industry’s vision of a future stateof-the-art digital plant. The highest maturity level was
intentionally made aspirational to inspire the development
of new technologies and capabilities to enable the plant of
the future.
Over the past 10 years, the pace of technical change has
accelerated; disruptive technologies have now become
the norm in a much shorter time period. The DPMM and
the Assessment Tool are living models and will be updated
as new technologies emerge and biomanufacturing
techniques evolve.
To keep pace with change, the BPIT member company
representatives will maintain and update the DPMM
and Assessment Tool as needed. It is anticipated that
changes will primarily affect the more future-oriented and
aspirational maturity levels, i.e. Levels 4 and 5.
It is essential that the DPMM is maintained in alignment
with the future direction of biomanufacturing and the
development of new classes of biologics drugs. To this
end, the BPIT member company representatives maintain
strong links with the team developing the BioPhorum
Biomanufacturing Technology Roadmap. As future
editions of the roadmap are published, cross-team reviews
will ensure its alignment.
Analysis of the ‘digital gap’ between the current state
of the industry (as measured by the Assessment Tool)
and the required state to deliver the transformation (as
described in the BioPhorum Biomanufacturing Technology
Roadmap), will be used to identify common challenge
areas in which the industry can collaborate. Thus the
DPMM will become a tool to advance the digital maturity
of the industry to the benefit of patients and the wider
healthcare ecosystem.
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9.0
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Conclusion

In developing the DPMM, thought leaders in the
biopharmaceutical industry have formulated a set of
transformational milestones for bringing disruption
and innovation to an inherently risk-averse and
highly regulated environment. Biopharmaceutical
manufacturers and their suppliers can chart their
progress using these milestones. The alignment between
the DPMM and the BioPhorum Biomanufacturing
Technology Roadmap supports companies in ensuring
their digital roadmap is aligned with transformative
advances in how medicines are made.
To keep up with the unprecedented pace at which IT is
advancing, BPIT member companies are committed to
reviewing the DPMM and Assessment Tool annually
and continuing to share learning and best practices.
The DPMM and Assessment Tool will become the de
facto benchmark for strategists in business and IT
to drive innovation, advance the state-of-the-art in
biopharmaceutical manufacturing and ensure a reliable
supply of transformative medicines to patients around
the world.

10.0 10.0	Feedback
The DPMM and the Assessment Tool are actively used
by digital strategy developers, planners and other
practitioners. In the spirit of sharing best practice, and
to build on industry practitioners’ collective experience,
the authors welcome your thoughts and feedback. If you
have suggestions for improvement, identify any errors or
just want to share your experience of using the model and
tool, please write to toolsfeedback@biophorum.com.
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