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1.0  1.0 Summary
This Automated Facility report outlines a critically 
enabling set of standardized and interoperable 
technologies and capabilities required to decrease 
capital and operating costs, and reduce the time to build 
and commission facilities, resulting in a faster speed to 
market for drugs and reduce the total cost of supply. 
Automation	impacts	all	identified	roadmap	drivers	of	cost,	
speed,	flexibility	and	quality.	Areas	for	improvement	in	
operations through automation will result in:

1.	 reduced	complexity

2. rationalized data

3.  automated use of data (process analytical technology 
and autonomous systems) 

4.  reduced in manual operations, thereby improving 
efficiency	and	quality.

Implementing automated facilities in biopharmaceuticals 
will reduce capital costs by:

1. reducing equipment costs

2. reducing factory costs

3.  building and running cheaper and ‘quicker to build’ 
facilities that reduce risk by delaying the decision to 
build

4.	 reducing	complexity.

The Automated Facility report team focused on identifying 
the needs and challenges, and offering potential solutions, 
for how to design a fully automated facility. A summary of 
that effort is: 

1.  full and simple integration across all systems 
(manufacturing	execution	system	(MES),	process	
control system (PCS), laboratory information 
management system (LIMS)), as follows:

 •  full integration is the key enabler to everything 
that	follows.	Without	it,	none	of	the	listed	benefits	
can be reached

 •  full integration allows quicker and cheaper build 
times and grants access to all the data generated 
with	a	full	context;	by	decreasing	variation,	full	
integration will lower operating costs and improve 
quality

 •   standardization allows quick and easy 
configuration	vs	custom	programming	will	require	
the standardization of the underlying processes 
and unit operations

 •  complete	realization	of	the	benefits	of	full	

integration will require a move to open system 

design principles and a willingness to share 

technology with, and use technology from, other 

industries

2. management of data

 •  currently, there is a huge growth of data

 •   data generation is relatively cheap/affordable

 • data management becomes a challenge

 •  	the	extraction/visualization	of	information	out	of	

the data is key

3. high-availability automation systems

 •  high availability depends on automation of IT 

systems and databases. Working with supply 

partners is critical in this space

 •  are dependent on technology development for 

failure detection and swap-over

4.  reducing manual labor through the use of robotic 

systems and mechanization (Mechanization is 

the process of changing from working largely or 

exclusively	by	hand	or	with	animals	to	doing	that	work	

with machinery)

 •  labor costs for biopharmaceutical facilities are 

among the highest in any industry

 •  several	routine	operations	currently	executed	

manually in biopharmaceutical facilities have 

been	identified	as	potentially	replaceable	through	

robotics and mechanization 

5. new and converging technologies

 •  eliminating errors through paperless operations 

and guiding maintenance and support activities

 •  reducing cost through the use of smart scheduling 

techniques	to	maximize	utilization	and	the	move	to	

cloud and virtualized technologies

6. disruptive concepts and technologies

 •  convergence of platform technologies will provide 

a new model for operation, with capability and 

intelligence distributed at much lower levels in the 

plant architecture (‘plug-and-play’ modules)

 •  use of large amounts of data and adaptive, machine 

learning will provide decision support and help 

eliminate delay and errors.
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2.0   Introduction

2.1 Vision 

The fully automated facility will be a reliable supplier of 

products at the lowest possible cost and highest possible 

quality.	It	will	be	integrated	from	development	to	final	

drug product. It will be able to: 1) deal with variable 

processes, batch sizes and geographies, 2) quickly ramp 

capacity up and down to meet market demands, and 3) 

do so with minimal staff, minimal time to change over, 

maximum	safety	and	minimum	regulatory	observations.

2.2 Scope

The fully automated facility technology roadmap will 

be a series of concrete steps that the industry can take 

to move from the current state of diverse systems, 

individualized by each company that require large 

dollar investments and time to build and operate, to 

the future vision of a fully automated facility. These 

steps will be time bound and include actions that can be 

taken	now,	in	the	short	term	(~five	years)	and	the	long	

term (~10 years). These steps can include identifying, 

refining	and	standardizing	existing	technologies	as	well	

as the development of new ones.

2.3 Benefits

It	is	expected	that	an	efficiently	functioning,	fully	

automated facility will impact on several of the metric 

targets	to	varying	extents	as	indicated	in	Table	1.	

The total cost of producing a monoclonal antibody 

(mAb) will be impacted moderately in the short term 

(five	years)	while	a	lower	impact	is	foreseen	for	the	

long term (10 years). The adherence to quality is 

expected	to	be	high	in	an	automated	facility	with	an	

efficiently	performing	MES,	thus	reducing	the	number	

of deviations or non-conformances. Batch review is 

expected	to	be	by	exception,	thus	decreasing	the	time	

to	release	batches.	Newer	technologies	are	expected	to	

play	a	role,	but	the	lack	of	experience	makes	it	difficult	

to quantify their impact. 

Driver Metric 5-year 

target

Impact 

(H/M/L)

10-year target Impact 

(H/M/L)

Impact notes

Cost Total cost to supply $50/gm 

(mAbs)
M $10/gm (mAbs) M

Automation will reduce personnel and labor 

costs by ~40–50 % of current cost

50% M 90% M

Cost of upfront investment in 

manufacturing

$100m DS 

facility

$50m DP 

facility

M

$50m DP facility

 $25m DP facility

M The tendency to reduce capital costs by 

descoping parts of a fully automated facility 

will fade as the concepts of the roadmap are 

adopted and fully integrated facilities become 

cheaper and quicker to deliver

OPEX costs 20% 

reduction 

from 

current

H
50% reduction 

from current
H

MES, systems integration, automatic data 

retrieval, real-time analytics and control, and 

increasing use of robotics. See Section 4.0

Table 1: Automated facility – impact on overall metrics

H=>50%, M=<50%, L=<10%

mAbs	–	monoclonal	antibody,	DS	–	drug	substance,	DP	–	drug	product,	OPEX	–	operational	expenditure,	E2E	–	end	to	end,	GMP	–	good	manufacturing	practice
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Table 1: Automated facility – impact on overall metrics (continued)

Driver Metric 5-year 

target

Impact 

(H/M/L)

10-year target Impact 

(H/M/L)

Impact notes

Speed Time to release product (E2E speed) 2 weeks M 1 day H Although technology is available in the short 

term, due to industry organizational change 

and regulatory considerations, it will take 10+ 

years for full implementation of all desired 

automation

Time	to	produce	first	GMP	material	

for the clinic

12 months L 8 months L If the concepts and technologies in this report 

are applied to early process development, the 

impact would be high

Speed to market 5 years M 3 years H  

Time to introduce a change to an 

existing	process

2 months M 1 month H Depends on the change being made

18 months M 6 months H

Facility build speed 2 years M 1 year H Move towards true plug-and-play modules. 

This will be met by the adoption of concepts in 

Section 4.1.

Flexibility Number of platforms per suite 3 M >5 M 1) Similarity in unit operations between 

product	types,	2)	Use	existing	library/plug-and-

play modules

Facility production per unit time 

(utilization percentage)

>85% M >95% M  

Quality Cost of non-quality 10% of 

operating 

costs

H 2% of operating 

costs

H 1) Ability to detect problems early and correct 

at the source, 2) reduction in human error, 3) 

faster investigation time because of ability to 

retrieve data real time

Process variability (ppk) >1.5 H >1.8 H  

Inventory quantity, inventory cover 50% 

reduction, 

2 months

H 90% reduction, 

2 weeks

H Real-time release and greater control 

over	production	increases	confidence	in	

manufacturing as ‘just in time’

mAbs	–	monoclonal	antibody,	DS	–	drug	substance,	DP	–	drug	product,	OPEX	–	operational	expenditure,	E2E	–	end	to	end,	GMP	–	good	manufacturing	practice
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3.0  Scenario needs

Table 2: Bioprocessing scenarios and key technologies and capabilities 

Table notes [1]	The	concepts	discussed	in	this	paper	make	no	distinction	between	batch	and	continuous	processing,	they	can	be	applied	to	both	without	modification.	

This	includes	use	of	the	International	Society	of	Automation’s	(ISA)	ISA-88	standard.	Continuous	processing	can	be	thought	of	as	a	batch	process	with	an	infinite	(or	very	

long) process phase. It is directly applicable to all scenarios.

BXR – bioreactor, DSP – downstream process, CHO – Chinese hamster ovary-derived proteins cells, TP – therapeutic proteins

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

D
es

cr
ip

ti
o

n

BXR volume SS 10kL–30kL BXRs Disposable 2kL BXRs Disposable 2kL BXRs Disposable <500L BXRs Disposable <50L BXRs

BXR mode Batch Continuous Batch/continuous Continuous [1] Batch/continuous

DSP mode Batch/continuous Semi-continuous/

continuous

Batch/semi-continuous Continuous Batch/continuous

Facility design Segregated suites/ large 

footprint

Moderate footprint/

ballroom

Moderate footprint/

ballroom

Small footprint/ballroom Small footprint/ballroom

Processing Low bioburden Closed Closed Closed Closed

Product mAb and other  

CHO TPs

mAb and other  

CHO TPs

mAb and other  

CHO TPs

mAb and other  

CHO TPs

Cell/gene  

therapy mAbs

Comment Adaptions on current 

facility	designs/retrofits

Continuous protein 

production through 

purification

High-titer batch 

upstream processes to 

match productivity of 

10kL BXRs

Highly productive 

deployable facilities

Deployed at  

point-of-use

Full and simple 

integration 

across all 

systems

Need to move towards open system design concepts based upon reference standards for software and hardware

Management of 

data

>95%	automated	data	capture	and	archiving;	>90%	automated	data	retrievable	in	standard	format	(charts,	tables,	dashboards,	etc.)	

to	enable	rapid	process	and	business	decisions;	100%	data	integrity

High-availability 

automation 

systems

High availability systems are needed High availability systems are desired

Reduction of 

manual labor 

through the 

use of robotic 

systems and 

mechanization

Fit for purpose robotic systems and mechanization to eliminate manual operations during processing, e.g. sampling, at-line 

measurements and during supporting operations (such as material receipt, material transport, facility cleaning, etc.

30–50% reduction in manual labor over current base (2016)

New and 

converging 

technologies 

Paperless operation to remove errors and enable data access. Reduction in implementation costs through cloud  

and virtualization technology

[1]
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4.0    Future needs, challenges and  
potential solutions

4.1  Full and simple integration across all systems 
(MES, PCS, LIMS) 

Publication of the ISA-88 standard has gone a long way 

to standardizing the control of batch processes. The ISA-

88’s object model provided a structure that is common to 

many batch control systems. It also established a standard 

lexicon	used	to	describe	the	parts	of	the	object	model	

that is almost universally known and adopted throughout 

the life science and other batch-based industries. Though 

the hierarchical model of ISA-88 gave the industry a 

standardized structure (objects/modules are all called the 

same thing and are in the same position in the hierarchy), 

it did not standardize the internals of each module in the 

hierarchy. Refer to Figure 1. 

And thus, though a phase is now always called a phase 

whether it is in Facility A or Facility B, looking inside 

the phase will reveal that the same phase in these two 

facilities can be vastly different or identical, even if the 

same control system is used in both. (This is illustrated 

in Figures 2A and 2B.) The level of equality depends on 

several factors.  These include who wrote the original 

phases;	the	willingness	of	writers	to	adhere	to	a	phase	

standard,	if	available;	the	willingness	of	writers	to	

adhere	to	or	use	a	global	or	corporate	module	library;	

the variation in the underlying process or equipment the 

phase is asked to control.  

Figure 1: S88 Standard – batch control part 1: Models and terminology

Area

Operation

Phase

Unit
procedure

Procedure

Physical  model Procedural model

Site

Enterprise

Process cell

Unit

Equipment
module 

Control
module

Figure 1: ISA-88 Standard – batch control part 1: models and terminology
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The	same	examination,	and	ultimate	reality	of	variability,	
can also be made of the higher-level operations described 
in the ISA-95 standard. See Figures 3 and 4.

1  Used with permission. Adapted from ANSI/ISA-95.00.03 2005, Enterprise-Control System 
Integration - Part 3: Activity Models of Manufacturing Operations Management  - © 2005 
– ISA, the International Society of Automation – all rights reserved

Figure 2: ISA-88	Standard	=	standard	structure	≠	standard	codeFigure 2A  S88 Standard = Standard structure ≠ Standard code 

Company A, Building 1  

A1: Open V1
A2: Open V3
A3: Open V2
A4: Set TIC_01_RSP=35
.
.
.
.

BRX_01

Unit 
Step_01

Step_02

Step_03

TR_01 

TR_02 

Phase 

Col_Wash

Company A, Building 2  

2A

2B

A1: Open Outlet
A2: Open Inlet
A3: Close Drain
A4: Set TIC01_Remote_SP=35
.
.
.
.

UC_3

Unit 
Wash_CVs

Eq

Close _Out

Wait_Vol

Wait_Cond

Phase 

Phase_31

Figure 2A  S88 Standard = Standard structure ≠ Standard code 

Company A, Building 1  

A1: Open V1
A2: Open V3
A3: Open V2
A4: Set TIC_01_RSP=35
.
.
.
.

BRX_01

Unit 
Step_01

Step_02

Step_03

TR_01 

TR_02 

Phase 

Col_Wash

Company A, Building 2  

2A

2B

A1: Open Outlet
A2: Open Inlet
A3: Close Drain
A4: Set TIC01_Remote_SP=35
.
.
.
.

UC_3

Unit 
Wash_CVs

Eq

Close _Out

Wait_Vol

Wait_Cond

Phase 

Phase_31

Figure 3: ISA-95 system levels

Business planning
and logistics   

Plant product scheduling,

operational management, etc. 

Manufacturing
operations management   

Continuous
control

Discrete
control

Batch
control

Level 4 

Level 3 

Level 2 

Level 1 

Level 0 

Figure 3 S95 System levels 

Dispatching production, detailed production,

scheduling, production tracking, etc. 

¹
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ISA-88 and ISA-95 have given the industry a standard structure but not standardized code. This is because the internals of 
the models can, and typically are, individually created leading to vast differences even inside the same company.

4.1.1 
Needs
One	of	the	first	steps	in	trying	to	standardize	the	inside	
of ISA-88 (or ISA-95) is to develop a corporate library of 
modules. However, the move towards true plug-and-play 
requires a move away from company-, supplier- and system-
specific	modules	to	an	industry	standard	library.	The	use	
of such a library requires a paradigm shift from software 
development to software consumption. A biopharmaceutical 
manufacturer simply becomes a consumer, shopping for a 
module that best suits its needs from a globally available 
library. The use of such a library requires the discipline to 
accept the functionality as is from the library as well as 
ensuring the underlying process or equipment matches the 
functionality as it comes from the library. 

Since change is inevitable, there has to be a librarian that 
maintains the library and a method of publication where 
new	modules	or	revisions	to	existing	ones	can	be	submitted	
for review, approval and ultimately publication. A key 
challenge will be determining who is the librarian and  
owns the library.

As stated above, closely connected with the use 

of standard software comes the need for standard 

processes and unit operations. The current tendency 

for industry to make each unit operation a unique 

instance	drives	complexity	and	moves	further	away	

from the goals of simple and easy full integration. As 

processes and unit operations standardize, additional 

benefits	can	be	realized,	such	as	a	move	away	from	the	

current tendency to monitor and record everything 

towards only monitoring what is important (as 

described below in Section 4.2) and a move from 

‘big data’ to ‘smart data’ with an output that is fully 

contextualized	with	everything	needed	to	make	the	

data meaningful. This mo ve to smart data will also 

have	benefits	by	simplifying	unit	operations	that	

will reduce input/output counts, thereby reducing 

complexity,	which	will	save	time	and	money	during	

design, fabrication and commissioning. Smart data 

will	also	provide	an	easier	avenue	to	mine	and	extract	

relevant data by reducing the volume of date users are 

sifting through.

Figure 4: ISA-95 object model

Figure 4 S95 Object model 

Product
definition Production

capability

Level 4: Business planning and logistics

Level 2: Process control system

Equipment and
product-specific
production rules   

Operational
commands  

Operational
responses  

Equipment and
process-specific
data   

Production
schedule

Production
performance

Detailed
production
scheduling

Production
dispatching

Production
execution

Production
resource

management

Production
definition

management

Production
tracking 

Production
performance

analysis
Production

data collection

²

2  Used with permission. IEC 62264-3 ed.2.0, Copyright © 2016 IEC Geneva, Switzerland. www.iec.ch. 
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4.1.2 
The needs, challenges and potential solutions 

Current 2019 2022 2026 Scenario(s)

(Metric 1) Reduction in system build time/cost (% reduction) [1] 1–2 years 10% 25% 50% All

(Metric 2) Reduction in change-over time/cost – stainless steel 

(% reduction) [2]

3–6 

months

5% 10% 25% All

(Metric 3) Reduction in change-over time/cost – single-use (% reduction) [2] 1–3 

months

5% 30% 50% All

(Metric 4) Reduction in release cycle times 30–90 

days

<80 days 14 days 1 day All

Need Standardized	protocols	for	data	exchange	and	integration	of	in-

line probes and sensors with control systems (time to integrate)

1–6 

months

1–4 

months

1–4 weeks 1–2 days All

Challenge The current software environment is a patchwork of incompatible 

software,	proprietary	and	non-standardized	file	formats,	and	a	

variety of communication protocols that typically lack diagnostic 

and error-checking capabilities. There is also inconsistent 

metadata associated with the test results, which then leads to 

further problems in downstream systems to correlate test data 

with production run data

X X

Potential solution Engage with the analytical community (which is also struggling 

with this problem), analytical instrumentation providers and 

control system suppliers to develop and adopt an aligned 

framework to accelerate standardization and drive alignment 

among the three areas (in-line, at-line and off-line) [3]

Need Standards-based reference system architecture 1–6 

months

1–4 weeks 1–4 days 1–4 days All

Challenge The industry is currently very fragmented and the ability to 

pick ‘best in class’ components from any supplier is limited by 

selection of Level 2 and Level 3 systems (ISA-95). The challenge is 

to move towards a standard architecture that allows the selection 

of any component from any supplier without the need for custom 

code to integrate (see Figure 3)

X X

Potential solution There is already a move in the process controls industry towards 

open	systems	engineering.	The	ExxonMobil	Open	System	

Integration	initiative	is	an	example

Table 3: Full and simple integration across all systems – needs, challenges and potential solutions

Table notes:   [1] Includes all levels of ISA-95 system structure (L1 through L3)   

[2] Time to introduce new products into new facilities  

[3] http://www.allotrope.org/

OPC	UA	–	object	linking	and	embedding	for	process	control-unified	architecture Potential solutions manufacturing readiness level

Research Development Production



BPOG Technology Roadmap  13

AUTOMATED FACILITY ©BioPhorum Operations Group Ltd

Current 2019 2022 2026 Scenario(s)

Need Standards-based software modules 1–4 

months

1–4 weeks 1–4 days 1–4 days All

Challenge With each company developing its own modules and libraries, 

the challenge is to move towards an industry-based set 

of modules that can be adapted or consumed rather than 

developed

X X

Potential solution The move towards open system reference hardware 

architecture will also elicit the need to move towards open 

system software. An initial step towards open systems 

software	will	be	to	use	the	standard	lexicon	described	further	

in this report with a standard communication protocol (such as 

OPC UA) to develop a standard equipment interface. This will 

be very similar to the standard instrument interface described 

above that can be used by all equipment suppliers

Need Use	a	common	lexicon	throughout	the	product	development	

process

1–2 years 6–12 

months

1–6 

months

1–3 

months

Challenge The ease of transferring processes from research to 

development, and ultimately to manufacturing, can be a very 

costly and labor-intensive process

X X X

Potential solution Wider adoption of the current standards (ISA-88 and ISA-

95) by R&D organizations. The closer that those groups’ 

equipment	and	systems	model	the	final	manufacturing	system,	

the	easier	a	transfer	will	become.	Also,	a	common	definition	of	

terms	and	key	parameters	will	add	context	to	data	to	ensure	

standard interface structures can be developed and will have 

meaning across the entire production entity rather than a 

single implementation. The use of a markup language, such as 

BatchML,	would	be	a	first-step	tool	that	could	be	used

Need Develop a standards governing body n/a Draft Designed In practice

Challenge If the industry moves towards open systems architecture, a 

body will be needed to govern the standards. This body will 

be tasked with the approval of new standards, maintenance 

of	existing	ones	and	the	retirement	of	obsolete	standards	

throughout the lifecycle of the standard

X X X X

Disruptive technology An open systems integration industry consortium is needed 

to give input on the design of the reference architecture. The 

consortium will be needed throughout the entire lifecycle of 

the reference standard

Table 3: Full and simple integration across all systems – needs, challenges and potential solutions (continued)

Table notes:   [1] Includes all levels of ISA-95 system structure (L1 through L3) 

[2] Time to introduce new products into new facilities  

[3] http://www.allotrope.org/

OPC	UA	–	object	linking	and	embedding	for	process	control-unified	architecture Potential solutions manufacturing readiness level

Research Development Production
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Figure 5: Living in a digital economy

4.2 Management of data 

Data collection in a batch review or an investigation 
remains one of the major bottlenecks in the bioprocess. 
Often, data must be pulled from multiple source systems 
(e.g. LIMS or archives), which is not user-friendly, relies on 
custom queries and may be error-prone. Having multiple 
systems that are not fully integrated to collect information 
may,	in	some	cases,	lead	to	the	loss	of	batch	context.	The	
difficulty	of	extracting	the	data	not	only	increases	the	
cycle for release or deviation closure but also impedes the 
development	of	process	models	that	may	help	to	define	a	
given process parameter impact on identity, quantity and 
purity of the product. Such models can be applied to design 
advanced process controls that enable real-time automatic 
process	adjustment	to	reach	the	final	goal	of	the	fully	
automated facility.

4.2.1
Needs

Easy access to real-time data to allow for real-time 
process intelligence decisions
Currently, solutions for data management are being 
developed that allow for consolidation of data from 
various source systems. The implementation of these 
systems	is	difficult	and	time-consuming	primarily	due	 
to	the	complexity	of	source	systems	and	differences	in	
their design. 

Process models that define process parameter impact on 
identity, quantity, purity and variants
Implementation of process models, or ‘golden batch’ 
comparison, is not a common tool in the manufacturing 
world of biopharmaceuticals. Better process 
understanding, and better model development and its 
validation, are required for achieving this need. 

Advanced process control that enables real-time, 
automatic process adjustments
Advanced process control will require better sensor 
technology that can provide information on relevant 
indicators of process performance (purity, identity, etc.). 
This capability, together with a robust model development 
that can predict outcomes, is vital to realize automatic 
process adjustments.

Some facts about data and digitalization to highlight the 
importance of this topic are shown in Figure 5.

IN THE LAST TWO YEARS  90% of the world’s data has been generated3 

  40% growth in adoption of business networks4

BY THE END OF 2020  212 billion “things” will be connected5 

BY 2020  9 billion mobile users in the world6

IN 2014  51% of workloads processed in the cloud7

3  Science Daily, May 22, 2013

4  Technology Adoption Report on Business Networks, Ardent Partners, 2014

5  Internet of Things (IoT) 2013 to 2020 Market Forecast: Billions of Things, Trillions of Dollars, IDC, 2013

6 Statistika, 2014

7		Cisco	Global	Cloud	Index.	Forecast	and	Methodology	2013-2018.	Cisco	Systems	Incorporated,	November	11,	2014
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The following key elements of data management need to 
be	considered	(these	concepts	use	standard	definitions	for	
the discipline of Data Management.):

1. Data governance

  Currently, the growth of business networks/data 
is huge (40% per year) and 90% of current data is 
not more than two years old. For this reason, the 
management of the data has become increasingly 
important.	The	first	element	of	data	management	is	
governance and involves questions such as who owns 
the data, who decides what data is needed, what data 
is stored and for how long? 

  Companies need to become sensitive to these topics 
and	define	strategies	for:

 •  data asset (what inventory, what data, where 
stored, for how long, etc.)

 •	 	data	governance	(who	defines	standards	for	data	
maintenance, quality, security, policies, etc.)

 •  data steward (who manages data from an 
operative point of view).

2. Data architecture, analysis and design

 •  data architecture – advanced process control that 
enables real-time automatic process adjustments

 •  data analysis – a few years ago, the growth of 
data	started	to	increase	significantly	and	a	new	
discipline was born: big data. Today, the amount 
of data is so huge that the challenge is to sort out  
the right information from the ‘big data’. The more 
appropriate concept is called ‘smart data’. The 
challenge in upcoming years will be how to evolve 
from ‘big data’ to ‘smart data’. In this area, the 
following topics arise: 

  • operational intelligence

  • business intelligence

  •	 reporting	(release	by	exception)

  •	 continuous	process	verification.

 •	 	Data	modeling	–	process	models	that	define	
process parameter impact on identity, quantity, 
purity and variants

 •  Data warehousing – deliver appropriate data 
containers to make data available at the right time 
and in the right way

 •  Real-time aspects – easy access to real-time 
data to allow for real-time process intelligence 
decisions.

3. Lifecycle management of data

  This roadmap effort overlaps with the BPIT-
workstream ‘digital plant’ initiative. The possible 
interfaces are:

 • data maintenance

  • database administration

  • data backup

  • data archiving

  • data deletion

  • data mart

  • data mining

  •	 data	movement	(extract,	transform,	load	(ETL))

 • document, record and content management

 • metadata management

 • reference and master data management.

4. Data security management

  The number of cyberattacks is permanently growing, 
so data security management is becoming increasingly 
important. The following topics need to be considered 
for data security are:

 • data access

 • data erasure

 • data privacy

 • data security.

5. Data quality management

  The amount of data is continuously increasing and, in 
parallel, the quality of the data needs to be assured. 
Generally, in the pharmaceutical industry, there is 
a	clear	focus	on	data	quality;	the	regulatories	are	
increasingly sensitive or focused on data integrity 
aspects. The following topics need to be considered for 
data quality:

 • data cleansing

 • data integrity

 • data enrichment

 • data quality

 • data quality assurance

 • audit trail.
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4.3 High-availability automation systems

The term ‘high availability’ refers to systems that are 
durable and likely to operate continuously without failure 
for a long time. The term implies that parts of a system 
have been fully tested and, in many cases, that there are 
accommodations for failure in the form of redundant 
components8. 

The current state of high availability performance for IT 
and automation systems that support manufacturing is 
advanced for Level 1 (instrumentation) and Level 2 (PCS) 

in the ISA-95 hierarchy. High availability is not fully in 

place for Level 3 (manufacturing operations management) 

and Layer 4 (business planning). High availability 

is achieved through redundancy (e.g. equipment, 

hardware, software) and fault detection logic to survive 

unanticipated failures. Downtimes due to upgrades (e.g. 

hardware, operating system, application) are still prevalent 

in the current state and present an opportunity for 

technical advances to reduce or eliminate downtimes of 

this nature.

Current 2019 2022 2026 Scenario(s)

(Metric 1) Cost optimization

(Metric 2) Speed of access

(Metric 3) Flexibility	of	data

(Metric 4) Quality of data

Need Strategies	for	clear	definition	of	meaningful	data	assets	(vs	

collected) (standard operating procedure)

0 Draft Defined	 In practice/

implemented 

All

Challenge Producing data is cheaper than managing the data X X X X

Potential solution Best	practices	and	examples	of	standard	operating	

procedures for what to keep, when and for how long 

Need Data analysis to evolve from ‘big data’ to ‘smart data’ (% 

adoption)

5% 10% 50% 80% All

Challenge Lack of insight for data use X X X X

Potential solution Benchmarking/best practices of ‘smart’ data analytics 

providers [1]

Process understanding to identify and use critical data 

elements to visualize them

Need Utilize best practices to ensure data security/integrity 

during generation and transfer (i.e. logical, physical)

for	maximum	accessibility	and	security	(%	adoption)

5% 15% 50% 80% All

Challenge Lack of cohesive and regulatory guidance despite increased 

integration with suppliers

X X X X

Reliance on cloud data providers with little knowledge about 

their practices

X X X X

Lack of balance between accessibility and risk, and who 

obtains data rights

X X X X

Potential solution Adopt practices from other regulated industries. (e.g. 

finance,	defense/intelligence)

Table 4: Management of data – needs, challenges and potential solutions

Table notes: [1] Multivariate data analysis models

4.2.2
The needs, challenges and potential solutions 

8		Techopedia,	https://www.techopedia.com/definition/1021/high-availability-ha

Potential solutions manufacturing readiness level

Research Development Production
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Current 2019 2022 2026 Scenario(s)

(Metric 1) Uptime 98.0 99 99.9 99.99 All

Need High availability cloud service for Level 3 All

Challenge Multiple ‘hops’ to cloud service provider All

Potential solution Combination of off-premises cloud with on-premises failover 

option

Need Zero downtime operating system patching (downtime to do 

upgrade and patching)

Upgrade = 

3–6 weeks, 

patch = 

6–24 

hours [1] 

Upgrade = 

2–4 weeks, 

patch = 

4–12 

hours

Upgrade =

1–2 weeks, 

patch = 

2–6 hours

Upgrade =

1–2 days, 

patch =

near 0 

hours

All

Challenge Ensure ‘bumpless’ transfer through the upgrade process X X X X All

Potential solution Multithread operating system

Logical replica of production to allow full off-line testing Cost 

prohibitive

Use virtualization

Need Zero-downtime application upgrades (downtime to do 

upgrade)

3–6 weeks 3–6 weeks 3-6 weeks 1–2 days All

Challenge Ensure ‘bumpless’ transfer through the upgrade process X X X X All

Potential solution Automated migration/regression system built into upgrade

Table 5: High-availability automation systems – needs, challenges and potential solutions

Table notes:  [1]	Claim	has	been	made	by	supplier;	needs	substantiating

4.3.1
Needs
To achieve high availability performance in IT and 
automation systems, new advances are needed in fault 
detection and system recovery logic at Level 3 and 4 in the 
ISA-95 hierarchy to achieve continuous uptime through 
hardware or software failures. New advances in operating 
system and application technology are needed to allow 
a system with software redundancy to be upgraded 
without interrupting the manufacturing process. Major 
advancements in hardware technology are needed to 
allow a single node of a redundant hardware pair to 
be upgraded while the other is operational, and with a 
seamless transition to the upgraded hardware so the 
original operating hardware can be upgraded. 

4.3.2
The needs, challenges and potential solutions 
The challenges to improving the current state in high 
availability performance are to get the suppliers of 
hardware, operating systems and applications to develop 
redundancy, failure detection and seamless recovery 
capabilities to meet high uptime requirements, especially 
in Levels 3 and 4 of the ISA-95 hierarchy. The incentives 
for suppliers to do this would be as a competitive 
advantage over their rivals offering similar products and 
services. Ideally, high availability architectures would be 
fully	in	place	at	Level	3	in	the	next	two	to	three	years,	with	
Level	4	in	place	in	five	years.

Potential solutions m anufacturing readiness level

Research Development Production
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4.4  Reduction of manual labor through the use of 
robotic systems and mechanization 

Those familiar with biomanufacturing understand that 
the current design of facilities and manufacturing, and 
support	operations,	requires	an	excessive	amount	of	
manual labor and manual interventions resulting in high 
labor costs and the consequent total cost to supply. From 
the	receipt	of	raw	materials	and	the	execution	of	process	
to the review of process performance, resolution of quality 
issues and the shipping of product, no industry devotes 
a greater percentage of operating costs to labor than 
biomanufacturing,	e.g.	40–50%,	vs	10–12%	for	the	next	
highest manufacturing industry9.	It	is	expected	that	the	
increasing availability of in-line technologies, adoption 
of paperless MES, integration of diverse systems (see 
Section 4.1) and automated processing without manual 
intervention will substantially decrease the required labor. 
However, many routine operations (e.g. material handling, 
waste handling and material transport10), hazardous 
operations and increasingly more challenging tasks (such 
as precision machining, autonomous operations, etc.) are 
more	and	more	being	executed	by	robots.	In	parallel,	there	
have been recent developments of smarter, cheaper and 
more versatile robots that may see wider applications in 
manufacturing11.	Robotic	systems	first	started	making	
inroads in biomanufacturing through the implementation 
of high-throughput automated systems for drug discovery 
and for performing various assays. Robotic systems are 
now	making	inroads	in	process	development.	The	next	 
few years will likely see more applications of robotic 
systems in biomanufacturing. 

4.4.1 
Needs
The automotive industry has been at the forefront of using 
robotic systems, with more than 50% of all robots used 
destined for the automobile sector12. However, robots are 
making inroads into newer industries and with increasingly 
newer	applications.	For	example,	robots	have	been	
specifically	designed	for	material	transport	in	hospitals	–	
these autonomous robots have a built-in map and sensors 
and can navigate hospital hallways, call and ride elevators, 
give people right of way and navigate around objects13. 
Robots capable of transferring materials up to 1,500kg are 
available	and	these	can	find	a	home	in	all	biomanufacturing	
facilities, particularly for Scenarios 2, 3 and 4 for 
transporting large media and buffer bags in addition to 
smaller materials. It is not inconceivable to imagine a 
future scenario where the MES or enterprise resource 
planning (ERP) system can request a robot to deliver 
materials	to	the	production	floor.	To	enable	unhindered	

movement of and access points for robots, production 
facilities	need	to	be	carefully	designed.	For	example,	
mobile trollies, totes and tubing across walkways do not 
allow the free movement of autonomous systems. Also, 
steps and mezzanines in facilities impede access. Finally, 
the skids themselves need to be designed for autonomous 
robots, preferably with front-only access. 

Automated material handling (warehouse management 
and raw material deliveries)
A	significant	amount	of	manual	labor	is	involved	in	the	
management of materials, e.g. inbound material receipt, 
logging each material into the ERP system, sampling 
and	storage,	raw	material	for	manufacture,	and	finished	
product	to	storage.	Opportunities	also	exist	for	reducing	
errors	in	the	identification	and	selection	of	material.

Automation of material handling to select a material 
from storage (or ‘putaway’) that is aligned to production 
activities,	enable	positive	identification	and	interact	with	
operators. This will require semi-autonomous systems 
capable	of	navigating	production	floors	in	a	changing	
environment (i.e. hook-ups, skid-mounted equipment, 
etc.) as well as correctly identifying personnel and 
equipment. Such systems should be developed to work 
in a controlled environment and have the ability to mimic 
human activities in the area (e.g. route selection around 
the	facility,	spatial	awareness,	correct	identification	of	
equipment and status).

Single-use assembly and connection
The second major element of labor within a facility is the 
assembly, connection and testing of single-use equipment.

The	potential	exists	for	a	‘car	assembly’	concept	
where a complete single-use bioreactor is assembled, 
interconnections made and has its integrity testing 
completed to present a ready-to-use system for production.

Robotic	systems	will	need	to	understand	the	specific	
process requirements (connections, etc.), identify 
components	and	carry	out	the	assembly	and	verification	
steps as a fully automated operation aligned to  
production schedules.

Advances in technologies (such as sensors, vision, and 
sound	and	movement	detection)	and	artificial	intelligence	
software are responsible for increasing the capability 
of robotic systems. In parallel, the increasing adoption 
by various industries and the ever-increasing number of 
suppliers will lower the cost of robotic systems. One of the 
newer	emerging	fields	of	robotics	is	‘collaborative	robotics’	
in which humans and robots can safely operate together 
on	the	factory	floor	or	warehouse14 15.

9     http://www.bizstats.com/reports/cost-of-labor.php
10   http://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/ 

Robotic-Material-Handling/content_id/3767
11   https://www.pwc.com/us/en/industrial-products/assets/industrial-robot-trends-in-manufacturing-report.pdf
12  Ibid
13   https://www.automationworld.com/robotics/robots-get-ready-take-new-challenges 
14   Ibid 
15   https://www.pwc.com/us/en/industrial-products/assets/industrial-robot-trends-in-manufacturing-report.pdf

https://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Robotic-Material-Handling/content_id/3767Robotic-Material-Handling/content_id/3767
https://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Robotic-Material-Handling/content_id/3767Robotic-Material-Handling/content_id/3767
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The biggest challenge facing robotic systems is replicating 
the motor movements of the human hand16 in activities 
such as assembling equipment and installing sensors  
and	filters.	Some	of	these	needs	are	expected	to	be	
reduced	for	Scenarios	2,	3	and	4	where	filters	and	 
sensors are anticipated to be supplied pre-assembled 
with single-use equipment. For continuous upstream 
processing,	the	duration	of	the	batch	is	expected	to	be	
severalfold higher than the current duration of fed batch 
processes, thus requiring less operator time for shut-down 
and start-up operations.

In summary, robotic systems are increasing their  
capability and are becoming available at reasonable  
costs. Biopharmaceutical manufacturing companies  
need to increase their awareness of robotic systems, 
determine	their	applicability	and	develop	justification	 
for their adoption. Robotic suppliers need to increase  
their knowledge of biologics manufacturing and design 
future robotic systems, keeping in mind the special 
needs of the industry, e.g. cleanroom operations and the 
intermittent nature of the operations with long intervals 
between each operation.

4.4.2

The needs, challenges and potential solutions 

16   https://www.automationworld.com/robotics/robots-get-ready-take-new-challenges

 

Current 2019 2022 2026 Scenario(s)

(Metric 1) Human labor cost as % of operating cost 40–50% 40–50% 30–40% 20–30% All

(Metric 2) Error reduction in material receipt and handling 0% 5% 10% 10% All

Need Material receipt and logging (% of shipments logged without 

manual labor)
0% 30% 100% 100% All

Challenge The total number of shipments and part numbers received 

in a typical biologics manufacturing facility can reach several 

thousand per year. The receipt, unpacking and logging of 

information in ERP systems, etc., is done manually

X X All

Potential solution Use of robots or scanners to log information into ERP systems 

via barcode or QR Code scanning. All suppliers need to agree 

to provide required information, such as part number and lot 

number on a machine-scannable technology (e.g. barcode or 

QR Code scanning)

All

Table 6: Reduction of manual labor through the use of robotic systems and mechanization – needs, challenges and potential solutions

Table notes:  [1] Robots are increasingly used in warehouses and hospitals to transport materials to the storage site or the intended use point 

[2]	Increasing	use	of	in-line	probes	is	also	expected	to	significantly	reduce	the	requirement	to	sample;	however,	there	is	still	a	need	for	robust	sampling	systems	 

[3] Visual inspection of equipment, e.g. large process tanks, is performed post-use through the sight glass or manways. This procedure cannot detect all issues typically 

observed after tank entry during annual or semi-annual inspections

ERP – enterprise resource planning, QR Code – quick response code Potential solutions manufacturing readiness level

Research Development Production
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Current 2019 2022 2026 Scenario(s)

Need Automated material transport (% of materials transported 

without manual labor)

0% 30% 100% 100% All

Challenge Significant	time	and	labor	is	devoted	to	moving	materials	from	

receipt to storage location and point of use

X X

Potential solution Adapt robotic technologies from other industries to handle 

the diversity of materials and navigate through clean and 

controlled areas of biologics manufacturing facility [1]

Need Automated and autonomous sampling (% of samples taken 

manually) [2]

100% 80% 50% 30% All

Challenge Aseptic sampling and maintaining equipment integrity while 

obtaining a representative sample 

X X X

Potential solution Sampling systems are available for process development 

laboratories	if	proved	capable	of	meeting	the	challenges;	they	

will	eventually	make	their	way	to	the	production	floor.	Robotic	

systems to transport samples to at-line analytical instruments

Need Eliminate manual cleaning of facilities (reduction in personnel 

used for cleaning)

0% 0% 20% 30%  All

Challenge Biomanufacturing facilities require periodic cleaning of 

floors,	walls	and	ceilings	using	a	variety	of	cleaning	agents	and	

disinfectants. Facilities should be designed to allow ease of 

entry	and	exit	of	robotic	cleaners,	e.g.	ballroom	design	

X X X

Potential solution Adapt technologies being developed for other industries and 

home use 

Need Facility and equipment inspection (reduction in personnel 

required) 

0% 60% 80% 100% All

Challenge Facility and equipment require periodic inspection to ensure 

that they are acceptable for use [3]

X X

Disruptive technology Drones or advanced visual imaging systems for facility and 

equipment inspection

Need Autonomous (robotic) assembly of bioprocessing equipment 

through	a	flexible	assembly	cell	requiring	minimal	

programming

2, 3 and 

4;	limited	

areas of 

Scenario 1 

(inoculum 

and DS 

fill)

Challenge Ability to handle typical components used in 

biomanufacturing.	Complexity	of	programming

Potential solution Adapt technologies being developed for other industries

 

Table notes:  [1] Robots are increasingly used in warehouses and hospitals to transport materials to the storage site or the intended use point 

[2]	Increasing	use	of	in-line	probes	is	also	expected	to	significantly	reduce	the	requirement	to	sample;	however,	there	is	still	a	need	for	robust	sampling	systems	 

[3] Visual inspection of equipment, e.g. large process tanks, is performed post-use through the sight glass or manways. This procedure cannot detect all issues typically 

observed after tank entry during annual or semi-annual inspections

ERP – enterprise resource planning, QR Code – quick response code Potential solutions manufacturing readiness level

Research Development Production
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4.5  New and converging technologies for enabling 
efficient biomanufacturing operations

4.5.1 
Needs
This section focuses on currently available technologies, 
some of which are being increasingly adopted in the 
biomanufacturing	industry	to	enable	more	efficient	facility	
operation, resulting in reduced operating costs, downtime 
and errors. 

Paperless execution systems
Paper-based systems are still widely used in the 
biomanufacturing	industry	to	execute	and	record	
warehouse,	production	floor,	maintenance	and	quality	
control laboratory activities. Technologies are available to 
move from traditional paper-based systems to paperless 
systems, although further improvements are required to 
enable 100% paperless operations in all manufacturing 
and associated support areas. The increase in capital and 
routine maintenance costs of implementing paperless 
systems will be more than offset by savings in operating 
costs over the lifetime of such systems.

Any paperless integration system should be capable of 
seamlessly integrating with the relevant electronic system, 
e.g. an MES system should be fully integrated with both 
the manufacturing plant’s distributed control and ERP 
systems and quality control laboratories’ LIMS system. The 
challenges of going ‘paperless’ are the lack of familiarity 
with available technologies, increased capital costs and 
longer times required for personnel training.

Smart scheduling
A typical stainless steel biomanufacturing facility 
(Scenario 1) consists of multiple bioreactors, feed tanks, 
media and buffer preparation tanks, and product and 
buffer hold tanks. It is common for multiple tanks to 
share utilities – ‘clean in place’, ‘sterilize in place’, etc. 
A typical ‘clean in place’ skid may be programmed to 
clean multiple tanks, each of which may require pre- and 
post-use cleaning within a narrow timeframe dictated 
by the equipment’s validated clean and dirty hold times. 

Also, media and buffer preparation activities need to be 
coordinated with batch processing, taking into account 
the batch requirements for media, feed and buffers, and 
the allowable hold times for each.

It is common for the scheduling group to rely on 
traditional spreadsheets to plan the plant schedule and 
rework it many times.  Rework is needed to deal with 
scheduling changes forced by a longer than anticipated 
run time in a bioreactor, varying numbers of cycles on 
chromatography columns, interrupted ‘clean in place’ 
cycles,	clean	expiry	hold	times,	etc.	There	is	a	need	for	
a smart scheduling tool that can take into account the 
available timeframe for performing equipment cleaning, 
media and buffer preparation, etc. Such a tool needs 
to interact with the plant’s distributed control system, 
MES and ERP systems and reduce the need for manual 
intervention in planning and adjusting the production 
schedule.	The	benefits	of	implementing	this	tool	would	
more than offset the capital cost. 

Operating in the ‘cloud’
Cloud technologies are likely to be the preferred platform 
for data aggregation and analysis (allowing greater 
flexibility	and	reduced	cost)	and	it	is	highly	likely	that	
execution	layer	components	will	move	to	the	cloud	within	
the	next	5–10	years.

This will bring challenges regarding security threats 
(real and perceived), responsiveness and dependence on 
network integration capability.

Accelerated obsolescence and open standards 
The trend in the industry is to accelerate the obsolescence 
of platforms to maintain currency, support and security. 
Manufacturing	automation	and	execution	systems	
represent	a	significant	investment	both	in	platform	and	
application development. Many suppliers are used to a 
model	of	very	extended	operation	with	minimal	change	
(i.e. a ‘slow follower’ model) and are not well suited to 
keeping up with the latest technology. Emerging initiatives 
in	open	standards	for	automation	and	execution	systems	
are intended to overcome some of these obstacles. 
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4.5.2 
The needs, challenges and potential solutions 

Current 2019 2022 2026 Scenario(s)

(Metric 1) Operating cost reduction 0% (base 

cost)

20% over 

base

30% over 

base 

50% over 

base

All

(Metric 2) Quality (reduction of errors) 5–10 

errors per 

batch

3–5 errors 

per batch

≤1	error	

per batch

≤1	error	

per batch

(Metric 3) Downtime reduction

Need Paperless	execution	 50–60% 60–80% >95% >95%

Challenge Higher capital and training costs, more complicated to set up 

than paper-based systems

X

Potential solution Several platforms available for use in manufacturing, process 

development and quality control laboratories

Need Smart scheduling software tool implementation 0% 20% 50% 80%

Challenge Any smart scheduling tool will need customization for the 

plant it is implemented in. Multiple ERP/MES platforms 

complicate the development of such a tool

Potential solution Develop an easy to use scheduling tool that can be integrated 

with ERP/MES systems. Only one solution is currently 

available, which has not been thoroughly evaluated by the 

industry

Table 7:	New	and	converging	technologies	for	efficient	facility	operation	–	needs,	challenges	and	potential	solutions

ERP	–	enterprise	resource	planning,	MES	–	manufacturing	execution	system

5.0  Drug product considerations
Questions to consider when looking at automation of drug 
product in biomanufacturing are:

•  level of automation for a facility  
(what is the optimum point?) 

• differences in partially and fully automated facilities

• what are the goals and risks?

• what are the challenges?

• changeover considerations are key

Though	not	specifically	highlighted,	the	concepts	detailed	
in this roadmap report can still apply to the manufacture 
of	drug	product.	Their	use	will	allow	fill-finish	facilities	to	
garner	many	of	the	same	benefits:	e.g.	quicker	build	times,	

lower capital requirements, reduced manual interventions 

and higher quality. The application of these concepts to 

drug product has the same set of prerequisites as bulk 

drug substance manufacturing: i.e. development of an ISA-

88/ISA-95-like structure (or just use of ISA-88 and ISA-95) 

and standardization of the underlying process.

The rapid adoption of ISA-88 has put the manufacture of 

bulk drug substance a little further down the road towards 

true	plug-and-play	than	final	drug	product	manufacturing.	

Until	full	adoption	from	end	to	end	by	industry,	final	

drug product manufacturers will have to strike a balance 

between trying to reach ‘lights out’, fully automated 

manufacturing and the need to get facilities completed for 

the lowest cost in the fastest time possible.

Potential solutions manufacturing readiness level

Research Development Production
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6.0  Linkages to other roadmap teams

6.1 Supply Partnership Management 

This	has	been	identified	as	one	of	the	top	priority	linkages	
for the Automated Facility Roadmap. At least two key needs 
for the Automated Facility Roadmap may be addressed with 
the	help	of	supply	partnership	management.	Specifically,	
full integration across all automation systems (such as ERP, 
MES, PCS, LIMS, etc.) can only happen with the cooperation 
of suppliers. Supply partnership management may play a key 
role in communicating the industry’s needs and providing 
incentives for collaboration among different suppliers. 
Secondly, the need for high availability of automation 
systems can only be achieved with a full integration of 
system suppliers and active customer participation in the 
supplier product lifecycle. Building trust and increasing the 
transparency between suppliers and the industry has been 
identified	as	one	of	the	key	needs	by	the	Supply	Partnership	
Management report.

6.2 In-line Monitoring and Real-time Release 

The Automated Facility Roadmap shares most, if not all, 
of the needs with the In-line Monitoring and Real-time 
Release Roadmap.  These needs include the development 
of advanced analytical technologies (e.g. real-time mass 
spectrometry, rapid micro and viral testing), raw material 
characterization (or understanding of the relationship 
between the product critical quality attributes and raw 
material attributes) and use of predictive analytics (e.g. real-
time multivariate data analysis). 

6.3 Knowledge Management

The Knowledge Management report shares the need for 
easy access to real-time data to allow for real-time process 
intelligence decisions with the Automated Facility report. 

6.4 Process Technologies

The Process Technologies Roadmap is another linkage 
activity that addresses some of the needs of the Automated 
Facility Roadmap. These include the development of robust 
manufacturing processes (e.g. higher productivity stable 
cell lines with consistent product quality over production 
time), integration of process analytical technology and 
the development of process models that allow for the 
development of closed-loop automation that eliminates/
minimizes human interaction with the process.

6.5 Other industry initiatives

A related cross-industry collaboration called the Open 
Process Automation Forum, facilitated by The Open 
Group, is developing a standards-based, open, secure 
and interoperable process control architecture. The 
Forum’s membership includes end-users from across all 
industries, suppliers and systems integrators. Successful 
implementation of a standard process control architecture 
would enable many of the business outcomes described in 
this report.

The BioPhorum IT group has developed, in parallel to the 
roadmap, a Digital Plant Maturity Model, which is based on 
five	levels	of	digital	maturity	for	a	biopharmaceutical	facility	
and	the	extended	supply	chain.	The	maturity	levels	range	
from a manual, paper-based operation to a fully integrated 
and	automated	facility	with	self-configuring	elements	
using intelligent sensors and predictive analytics. The 
model supports companies in understanding their current 
state, mapping their future digital journey and developing 
transformation plans. It is anticipated that the majority of 
facilities within the biopharmaceutical industry are currently 
at maturity Level 2 or 3, with some elements of Level 4 being 
exhibited.	Level	4	capabilities	broadly	reflect	the	five-year	
adoption horizon of the roadmap and Level 5 capabilities 
reflect	the	disruptive	technologies	area	of	the	roadmap	

(10-years plus).
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7.0    Emerging and/or disruptive 
concepts and technologies

The platform technology and solution approach are rapidly 
evolving	within	the	manufacturing	execution	space.	This	
will present opportunities and challenges over the lifetime 
of production facilities. 

7.1  Industry 4.0/ubiquitous computing/Industrial 
Internet of Things 

Industry 4.0 is a widely used, catch-all term for technical 
innovation across the manufacturing space. It essentially 
encapsulates automation, cyber-physical systems (where 
physical equipment and any associated automation are 
tightly integrated), the internet of things (the ability for 
distributed intelligence to interconnect and interact)  
and cloud computing (the ability to easily enable  
computing capability). 

For this edition of the report, the focus will be on how  
current industry automation approaches will be disrupted  
by	increasingly	sophisticated	methods	of	self-configuration,	
self-diagnosis and repair, machine intelligence and 
optimization, and the capability to provide enhanced  
support for operators and other system users to address  
the	complexity	of	their	roles.	Refer	to	Figure	6.

Industry 4.0 creates a ‘factory of the future’ or ‘smart 
factory’ through:

•  modular structures that are interoperable: equipment, 
sensors, controllers and people are connected and can 
communicate with each other – potentially using the 
Industrial Internet of Things

•  pervasive data/information transparency: the creation 
of rich data models through the capture of sensor data 
and	its	conversion	to	context-relevant	information

•  autonomous decision making: the ability of systems to 
make decisions on their own

•  operational assistance: the ability to simplify the 
aggregation and visualization of information so that 
informed decisions can be more easily made and 
operational problems rapidly resolved.

The dominant theme is the distribution of intelligence to 
control and monitor equipment to increasingly smaller 
components	of	the	physical	plant.	At	the	extreme,	this	will	
have	a	significant	impact	on	the	current	programmable	logic	
controller/distributed control system model of automation 
through a reduction in input/output requirements (control 
is directly connected to the equipment), a reduced need 
for traditional controller models, standardization driving 
increased competition (equipment manufacturers 
building-in control capabilities), and a step change in the 
requirements for connectivity and data management. 

•  Opportunities – improved access to data (e.g. 
maintenance data on machinery), enhanced intelligence 
in	platforms	and	more	rapid	configuration	and	set	up	
(platforms are ‘aware’ of their role and position in the 
manufacturing chain). Likely to be implemented in the 
drug	product	manufacturing	space	first	(e.g.	machinery),	
before moving into the more advanced drug substance 
area (i.e. continuous manufacturing)

•  Challenges – many more connection points, much more 
data to manage and understanding the system becomes 
potentially	much	more	complex.

7.2  Platform convergence

IT and operational technology platforms are already 
rapidly converging and suppliers are looking to create 
single	extended	platforms	that	meet	the	requirements	of	
disparate Level 1, 2 and 3 systems. Industry 4.0 is likely to 
accelerate	this	convergence	and	drive	significant	disruption	
to	existing-system	manufacturers.	

As a part of this platform convergence, there will be 
increased moves to create virtualized automation/control 
platforms for much the same reason as higher-level 
systems. The only ‘real’ components in an integrated IT/
operational technology/control system of the future are 
likely	to	be	process	measurement	and	final	control	devices,	
connected as Industrial Internet of Things components. 

•	 	Opportunity	–	seamless	integration,	significantly	reduced	
effort to create and maintain application solutions, lower 
costs	of	platforms	and	more	flexibility	to	build	and	deploy

•  Challenge – the line between IT and engineering/
automation will become much more blurred.  
Skills and capabilities will need to address both the 
business operations problem and the process control 
and safety aspects.

7.3 Machine learning/adaptive control 

Machine learning and adaptive algorithms are already being 
used in data analysis to establish patterns and relationships in 
data. To meet the future requirements of controlling quality 
in real time, inferential models and adaptive algorithms will 
be	required	that	can	make	use	of	the	significant	volumes	of	
data being generated by future systems.

•  Opportunity – create viable on-line/real-time process 
control approaches that can use richer sets of data to 
achieve our manufacturing objectives and improve 
performance and product quality

•  Challenge – adaptive control, inferential algorithms 
and	machine	learning	are,	by	implication,	difficult	to	
demonstrate as being under control from a formal 
validation process. This could drive regulatory 
concerns unless we the industry can develop new 
paradigms for working.
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Figure 6: Idealized view of an automated facility built around the Industry 4.0 concept

Figure 6 Idealized View of an Automated Facility Built around the Industry 4.0 Concept 

Holonic Components 
are “the whole and part of the whole”.
What that means is equipment comes 

complete with automation. MES and ERP 
elements fully established. In effect, the MES 
or manufacturing ERP system for the facility

is built as the components are linked together,
rather than attempting to fit the equipment into 

an existing framework. The concept delivers 
significant flexibility, but requires a paradigm 

shift in the way that “systems” are created 
– there is no longer a difference between 

the layers, simply a platform 
component that delivers 

functional capabilities.

The facility of the future will
be created dynamically from 

holonic components, with pervasive 
connectivity to, and across, the value 

chain. Operationally, the facility will use 
real-time quality control for production

be capable of automatically adapting
to change and deliver intelligent 

insights and decision support based 
on boundary-less information 

flow and self-learning 

Self or Machine Learning 
focuses on prediction, based 
on known properties learned 

from the available data. 
It is supported by data mining, 

which focuses on the discovery of 
unknown properties of the data. 

The output of this process 
will support the ability to 

establish knowledge 
from the data.

Pervasive Connectivity 
means having small,

 inexpensive, robust networked 
processing devices, distributed 

at all scales that will allow for
simple connections as opposed 
to the concept of “integrating” 

disparate systems.

Real-time Quality Control 
is the logical point at which

 we move from parameter control 
(e.g., temperature) to process control 

(multiple parameters) to actually 
controlling the quality outputs we 

want to achieve. The logical conclusion 
of this is that we have the right 

analytical systems in place so that 
external quality control is 

no longer necessary.

Boundary-less Information 
Flow is integrated information 
securely delivered whenever 

and wherever it is needed, 
in the right context for 
the people or systems 

using that information. 
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7.4 Augmented reality

Even when paperless systems are in place, there is a 
constant need to refer to standard operating procedures 
for equipment set up, cleaning and associated operations. 
This typically requires paper documents or links to 
document management systems. Typically, operators refer 
to the SOP guidance remotely from the task area and then 
progress activities on the actual equipment.

The	opportunity	exists	for	guided	instruction	using	 
‘smart glasses’ or similar augmented reality technology. 
This could provide audio-visual cues for operators to 
follow instructions, together with the ability to use  
image-recognition technology to provide positive 
confirmation	of	task	completion.

A second use of augmented reality is in the remote 
guidance	of	diagnostic	and	fault-finding	operations,	where	
a	remote	technical	expert	links	to	the	user	on	the	shop	
floor	and	can	directly	understand	the	activities	being	
undertaken. This will require an interactive guidance 
capability to be linked in real time to smart glasses or 
similar technologies.

•  Opportunity – guided production operations, by 
providing direct visual cues and guidance to operators, 
and remote maintenance or ‘tele-maintenance’ by 
providing rich, two-way interactions between remote 
expertise	and	on-site	personnel

•  Challenges – robust systems in industrial environment 
(can be cleaned, dropped, etc.), ability to provide 
accurate location information, ability to provide 
accurate image recognition, security of access (the 
need	to	co-exist	with	industrial	automation	networks),	
privacy/‘Big Brother’ concerns for individuals and 
concerns	over	the	qualification	of	the	individual	
making the changes.

8.0    Regulatory considerations

8.1 Introduction

As the industry moves towards the goals described in this 
report, it will be incumbent upon it to involve regulators 
early and often. The movement from closed, individually 
developed and controlled systems to open, universally 
developed and controlled systems will require input from 
regulators to validate and participate in the move. It 
will require diligence by industry to show regulators the 
benefits	of	the	move,	but	still	show	the	ability	to	maintain	
data integrity, demonstrate control and custody of 
operating software in an open environment, and validate 
the use of real-time release instruments and process 
models.

8.2 Scope

The regulatory considerations for this Automated 
Facilities report cover the following scenarios:

• facilities and equipment

 • existing	

 • new

• product portfolio

 • commercial sales

 • new products

• regulatory activity

 • pre-approved inspections

 • routine, good manufacturing practice inspections.

8.3 Regulatory strategy/objectives

• harmonization of integration standards

• transparency of data records to demonstrate integrity

• familiar, industry-wide data models.
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Table 8: Regulatory considerations

Regulatory issue/challenge Regulatory opportunity/

benefit

Regulatory engagement 

plans

Stakeholders Proposals

Use of open system 

reference standard 

architecture

Use of industry standard 

allows validation to be 

shown by adherence to 

standard

Engage regulators as 

approvers/reviewers of 

standard

Educate as the standard is 

adopted in industry

Life science industry

Other manufacturing 

industries

FDA17

EMA

Other MOHs or regulatory 

bodies

Ensure that industry 

participates in the design 

and adoption of future open 

system architectures (e.g. 

the Open System Integration 

Initiative)

Use of open system 

reference software modules 

Use of standard modules 

allows validation to be part 

of module package

Engage regulators in 

establishing chain of custody 

for modules

Life science industry 

FDA

EMA

Other MOHs or regulatory 

bodies

Establish a standards 

committee to ensure 

chain of care and custody 

through ISPE, ISA or another 

standards body

Establishing data integrity in 

an open system environment

Data integrity can be 

designed into a system from 

the start

Data integrity can be tested 

once and not reinvented with 

each implementation

Include as part of a move 

to open architecture and 

module development. Ensure 

inclusion of regulators in 

development

FDA

MHRA18

WHO19

PIC/S20

Seek opportunities to 

collaborate with industry 

bodies’ ongoing initiatives 

(e.g. ISPE, PDA)

In a high availability 

environment, showing real-

time upgrades can be done 

without impacting product

Software can be updated and 

maintained independently of 

plant shutdowns

Ensure best practices from 

the IT industry are used to 

demonstrate a standard 

approach to the upgrade of 

mission-critical systems

Establish a track record of 

success using these practices

Life science industry 

FDA

EMA

Other MOHs or regulatory 

bodies

Ensure standards established 

through industry connections 

and governing bodies

Development and use of 

standard documentation 

for all open systems design 

elements

Use of standard 

documentation will reduce 

cost and development time 

by eliminating the need to 

develop everything uniquely. 

It will also ensure uniform 

operations

Show that use of open 

standards does not release 

industry from rigor required 

for documentation

FDA

EMA

Industry/standards bodies

Invite regulatory audits of all 

publications and committees

Common	lexicon Remove potential for 

variation in interpretation

Continue	and	expand	use	of	

industry standards, such as 

ISA-88 and ISA-95

FDA

EMA

Ensure all modules and 

documentation adhere to 

published standards

FDA	–	Food	and	Drug	Administration,	EMA	–	European	Medicines	Agency,	MOH	–	medical	officer	of	health,	MHRA	–	Medicines	and	Healthcare	products	

Regulatory Agency, PIC/S – Pharmaceutical Inspection Co-operation Scheme, ISA – International Society of Automation, ISPE – International Society for 

Pharmaceutical Engineering, PDA – Parenteral Drug Association, WHO – World Health Organization

17 http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm495891.pdf

18	https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/538871/MHRA_GxP_data_integrity_consultation.pdf

19 http://www.who.int/medicines/areas/quality_safety/quality_assurance/Guidance-on-good-data-management-practices_QAS15-624_16092015.pdf 

20 https://www.picscheme.org/layout/document.php?id=714 
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9.0   Conclusions and 
recommendations 

9.1 Conclusions

It is becoming obvious with the advent of autonomous 
systems that the communication between equipment 
from different suppliers will not be a ‘nice to have’ but will 
become mandatory. Also, because these systems will span 
so many different areas of specialty it is incumbent that 
collaborations between end-users, engineering companies, 
skid suppliers, regulators and equipment suppliers be the 
catalyst for change across the biopharmaceutical industry.

In	summary,	over	the	next	10	years	there	will	be	a	rapid	
change in the bioprocessing and automation technology 
employed in our industry’s facilities. Adapting to change 
and a willingness to collaborate will be the hallmarks of 
leading companies, both end-user and supplier. Some 
may see this as a battle to determine winners and losers 
regarding the automation providers.  This type of focus 
will only serve to delay change and lead to the adoption of 
less technology in the near term as companies wait and see 
what evolves. By working together collaboratively to solve 
common problems and enable the speedy adoption of new 
technologies, we will realize the key goal of bringing new 
medicines to markets faster.

9.1.1
Full and simple integration across all systems   
(MES, PCS, LIMS)
To	realize	all	the	benefits	of	the	fully	automated	facility,	
the biopharmaceutical industry has to embrace some key 
lessons:

•  move away from the ‘go it alone’ mentality. A move 
to open systems designs will require a paradigm shift 
from the industry from high levels of customization 
to one of buying what is needed and using it as is. 
The industry should move away from the need to 
customize all levels of the ISA-88 and ISA-95 models to 
one	of	a	simple	configuration,	or	at	most	the	stringing	
together of ready-made modules

•  control software cannot be standardized if the 
underlying process is not standard. Variations in 
processes and unit operations are a crucial impediment 
to full portability

•  begin the process of involving regulatory agencies. The 
quick adoption of rapidly changing technologies will 
require the full buy-in of industry regulators. Industry 
needs to work with regulators to allow rapid adoption.

9.1.2
Management of data
With new technologies in IT and automation, the industry 
will	move	in	a	significant	way	towards	a	data-driven	
manufacturing. Within this change, a new discipline is 
needed, i.e. ‘data management’, with the key elements of:

• data governance

• data architecture, analysis and design

• lifecycle management of data

• data security

• data quality.

The industry and its suppliers (including academia) need to 
focus very hard on these topics as they will be key success 
factors in the future.

9.1.3 
High-availability automation systems
Unanticipated downtime, and downtime due to upgrades, 
are still prevalent in the current state and present an 
opportunity for technical advances to eliminate downtime 
of this nature, especially in Layers 3 and 4 of the ISA-95 
hierarchy. Suppliers in this space should incorporate the 
latest hardware and software technologies to achieve 
improved uptime of their systems.

9.1.4
Reduction of manual labor through the use of robotic 
systems and mechanization
Labor costs are the highest in biopharmaceuticals 
compared	to	any	other	industry.	Significant	opportunities	
have	been	identified	in	this	report	to	reduce	labor	costs	
through the use of robotic systems and mechanization.

9.1.5
New and converging technologies
Most new and converging technologies are relatively 
new to the biopharmaceutical sector. Their potential 
is proven, but the ability to adopt and change working 
practices, through appropriate compliance methodologies 
with suppliers and regulators and business acceptance, is 
critical to implementation.

9.1.6
Disruptive concepts and technologies
•  there	will	be	a	significant	change	in	the	way	facilities	

are	constructed,	configured	and	operated.	Distributed	
intelligence and machine learning will require new 
skills, capabilities and cultures in engineering, 
operations and quality groups

•  technology used between traditional IT and 
automation operational technology will converge, 
driving the need for new, multidisciplinary skills and 
organizational models.
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9.2 Recommendations

•  in-line monitoring sampling (in-process control with 
robotics)

 •  development research on sophisticated in-line 
sensors is needed

• benchmark automation best practices

 •   a deeper look at other industries for new 
technologies and techniques for potential 
biopharmaceuticals solutions, such as:

  —	 finance

  — semiconductors

  — automotive

• evolve collaboration from ‘talking’ to ‘doing’

 •  end-users and suppliers have a lot to do in the 
collaborative space. Working together on projects 
will	benefit	the	whole	industry

 •  collaborating with standards organizations, 
especially open systems, should be pursued as a 
service to the industry

 •  form technical committees to develop standards

 •  invite non-members (and from other industries) 
to contribute and collaborate on projects that cut 
across industries.



BPOG Technology Roadmap  30

AUTOMATED FACILITY ©BioPhorum Operations Group Ltd

10.0  References
[1]   Used with permission. Adapted from ANSI/ISA-95.00.03 2005, Enterprise-Control System Integration - Part 3: 

Activity Models of Manufacturing Operations Management - © 2005 – ISA, the International Society of Automation – 
all rights reserved

[2]  IEC 62264-3 ed.2.0, Copyright © 2016 IEC Geneva, Switzerland. www.iec.ch. The author thanks the International 
Electrotechnical Commission (IEC) for permission to reproduce Information from its International Standards. All such 
extracts	are	copyright	of	IEC,	Geneva,	Switzerland.	All	rights	reserved.	Further	information	on	the	IEC	is	available	
from	www.iec.ch.	IEC	has	no	responsibility	for	the	placement	and	context	in	which	the	extracts	and	contents	are	
reproduced by the author, nor is IEC in any way responsible for the other content or accuracy therein.

[3]   Science Daily, May 22, 2013

[4]  Technology Adoption Report on Business Networks, Ardent Partners, 2014

[5] Internet of Things (IoT) 2013 to 2020 Market Forecast: Billions of Things, Trillions of Dollars, IDC, 2013

[6]  Statistika, 2014

[7]		 Cisco	Global	Cloud	Index.	Forecast	and	Methodology	2013-2018.	Cisco	Systems	Incorporated,	November	11,	2014

[8]		 Techopedia,	https://www.techopedia.com/definition/1021/high-availability-ha

[9]  http://www.bizstats.com/reports/cost-of-labor.php

[10]   http://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Robotic-Material-Handling/
content_id/3767

[11]  https://www.pwc.com/us/en/industrial-products/assets/industrial-robot-trends-in-manufacturing-report.pdf

[12]  Ibid

[13]  https://www.automationworld.com/robotics/robots-get-ready-take-new-challenges

[14]  Ibid

[15]  https://www.pwc.com/us/en/industrial-products/assets/industrial-robot-trends-in-manufacturing-report.pdf

[16]  https://www.automationworld.com/robotics/robots-get-ready-take-new-challenges

[17]  http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm495891.pdf

[18]		 	https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/538871/MHRA_GxP_data_
integrity_consultation.pdf

[19]   http://www.who.int/medicines/areas/quality_safety/quality_assurance/Guidance-on-good-data-management-
practices_QAS15-624_16092015.pdf 

[20]  https://www.picscheme.org/layout/document.php?id=714

http://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Robotic-Material-Handling/content_id/3767
http://www.robotics.org/content-detail.cfm/Industrial-Robotics-Industry-Insights/Robotic-Material-Handling/content_id/3767
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/538871/MHRA_GxP_data_integrity_consultation.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/538871/MHRA_GxP_data_integrity_consultation.pdf
�http://www.who.int/medicines/areas/quality_safety/quality_assurance/Guidance-on-good-data-management-practices_QAS15-624_16092015.pdf
�http://www.who.int/medicines/areas/quality_safety/quality_assurance/Guidance-on-good-data-management-practices_QAS15-624_16092015.pdf


BPOG Technology Roadmap  31

AUTOMATED FACILITY ©BioPhorum Operations Group Ltd

11.0  Acronyms/abbreviations

Acronym/abbreviation Definition

ANSI American National Standards Institute

BatchML Batch markup language (XML for ISA-88)

BPOG BioPhorum Operations Group

BPIT BioPhorum Information Technology group

BXR Bioreactor

CDA Confirmatory	data	analysis

CHO Chinese hamster ovary cells

CHO TPs CHO-derived therapeutic proteins

CIP Clean in place

CPV Continuous	process	verification

CQA Critical quality attributes

DBMS Database management system

DCS Distributed control system

DP Drug product

DS Drug substance

DSP Downstream process

E2E End to end

EDA Exploratory	data	analysis	

EMA European Medicines Agency

ERP Enterprise resource planning

ETL Extract,	transform,	load

FB Fed batch

FDA Food and Drug Administration

FDP Final drug product

GMP Good manufacturing practice

I/O Input/output

IIoT Industrial internet of things

IoT Internet of things

IPC In-process control

ISA International Society of Automation

ISPE International Society for Pharmaceutical Engineering

ISO International Organization for Standardization

IT Information technology

JDBC Java database connectivity

KDD Knowledge discovery in databases

LIMS Laboratory information management system

mAb Monoclonal antibody
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Acronym/abbreviation Definition

MES Manufacturing	execution	system

MHRA Medicines and Healthcare products Regulatory Agency

MOH Medical	Officer	of	Health

MRL Manufacturing readiness level

MVDA Multivariate data analysis

ODBC Open database connectivity

OI Operational intelligence

OPEX Operational	expenditure

OT Operational technology

PAI Pre-approval inspection

PAT Process analytical technology

PCS Process control system

PD Process development

PDA Parenteral Drug Association

PIC/S Pharmaceutical Inspection Co-operation Scheme

PLC Programmable logic controller

PP Process parameter

QC Quality control

QR QR	Code:	Quick	response	code,	matrix	barcode	or	two-dimensional	barcode

ISA-88 ISA Standard for batch process control

ISA-95 ISA Standard for interface enterprise to control system

SIP Sterilization in place, steam in place

SOP Standard operating procedure

SQL Structured query language

SS Stainless steel

SU Single-use

URL Uniform resource locator

USB Universal serial bus

WHO World Health Organization
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12.0   Appendix A – Antitrust statement
It is the clear policy of BioPhorum that BioPhorum and its members will comply with all relevant antitrust laws in all relevant 
jurisdictions:

•  All BioPhorum meetings and activities shall be conducted to strictly abide by all applicable antitrust laws. Meetings 
attended by BioPhorum members are not to be used to discuss prices, promotions, refusals to deal, boycotts, terms and 
conditions	of	sale,	market	assignments,	confidential	business	plans	or	other	subjects	that	could	restrain	competition.

•	 	Antitrust	violations	may	be	alleged	on	the	basis	of	the	mere	appearance	of	unlawful	activity.	For	example,	discussion	of	a	
sensitive	topic,	such	as	price,	followed	by	parallel	action	by	those	involved	or	present	at	the	discussion,	may	be	sufficient	
to	infer	price-fixing	activity	and	thus	lead	to	investigations	by	the	relevant	authorities.

•  Criminal prosecution by federal or state authorities is a very real possibility for violations of the antitrust laws. 
Imprisonment,	fines	or	treble	damages	may	ensue.	BioPhorum,	its	members	and	guests	must	conduct	themselves	
in a manner that avoids even the perception or slightest suspicion that antitrust laws are being violated. Whenever 
uncertainty	exists	as	to	the	legality	of	conduct,	obtain	legal	advice.	If,	during	any	meeting,	you	are	uncomfortable	with	or	
questions	arise	regarding	the	direction	of	a	discussion,	stop	the	discussion,	excuse	yourself	and	then	promptly	consult	
with counsel.

•  The antitrust laws do not prohibit all meetings and discussions between competitors, especially when the purpose is to 
strengthen	competition	and	improve	the	working	and	efficiency	of	the	marketplace.	It	is	in	this	spirit	that	the	BioPhorum	
conducts its meetings and conferences.
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Roadmap intended use statement
This roadmap report has been created, and is intended to be used, in good faith 
as an industry assessment and guideline only, without regard to any particular 
commercial applications, individual products, equipment, and/or materials.

Our hope is that it presents areas of opportunity for potential solutions facing 
the industry and encourages innovation and research and development for the 
biopharmaceutical industry community to continue to evolve successfully to serve 
our future patient populations.

Permission to use
The contents of this report may be used unaltered as long as the copyright is 
acknowledged appropriately with correct source citation, as follows “Entity, 
Author(s), Editor, Title, Location, Year”

Disclaimer
Roadmap team members were lead contributors to the content of this document, 
writing sections, editing and liaising with colleagues to ensure that the messages 
it contains are representative of current thinking across the biopharmaceutical 
industry. This document represents a consensus view, and as such it does not 
represent fully the internal policies of the contributing companies.

Neither BPOG nor any of the contributing companies accept any liability to any 
person arising from their use of this document.
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