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About BioPhorum

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 biopharmaceutical 
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 over 135 manufacturers and 
suppliers deploying their top 6,000 leaders and subject matter experts to work in nine focused 
Phorums spanning the biopharmaceutical value chain. Communities of experts work together 
to articulate the industry’s technology roadmap; define supply partner practices of the future; 
develop and adopt best practices in biologics process development, drug substance manufacturing 
and fill finish operations; address the challenges of cell and gene therapy commercialisation and 
adoption of medical technologies; and to find common solutions to achieve industry level goals for 
sustainability and digitalization. In each Phorum, 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.

BioPhorum IT: MES of the Future
The MES of the Future workstream is a collaboration between leading 
biopharmaceutical manufacturers and software vendors working together 
to bring about a shared vision for digital technology which will form the 
basis of the MES of the future. 

For more information on the MES of the Future workstream mission and membership, go to  

www.biophorum.com/MES-of-the-future

http://www.biophorum.com/MES-of-the-future
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1.0 

Executive summary 
Problem 
•  The biomanufacturing industry is facing unprecedented challenges in 

meeting demand, reducing costs and increasing manufacturing quality 

across current drug portfolios 

•  New classes of biological medicines are being developed which require 

a radical shift in manufacturing processes 

•  Industry must digitize and automate manufacturing processes and 

make full use of new manufacturing and digital technologies. Key to this 

digitization of biomanufacturing plants is the role of MES solutions

•  Current MES solutions can be expensive, slow to implement and lack 

the flexibility/agility/openness to be updated and supported efficiently

•  Current approaches are not suitable for certain biomanufacturing 

scenarios, e.g. small-scale and/or low-cost manufacturing plants and 

for new biomanufacturing modalities such as those for cell & gene 

therapies (CGTs)

•  The biomanufacturing industry has not created a common view on 

future MES requirements to support the development of new products/

services from MES vendors.

Operation and 
support

• Zero downtime 
maintenance

• Simplified error 
management

• Zero impact 
security 
patching.

Initial 
deployment

• Simplified skills 
for configuration

• Flexible and 
open integration 
mechanisms

• Reduced 
installation time.

Recipe 
management

•  Simple and 
intuitive graphical 
user interface 
(GUI) that 
reduces the need 
for extensive 
training

• MES support 
for review by 
exception (RbE)

•  Library of 
biomanufacturing 
recipe 
components and 
templates.

Integration and 
data access

• Simplified data 
access

• Reduced need 
for add-ons

• Near real-time 
data ingestion.

Modular 
architecture

• Cloud-based 
solutions

• Flexible 
commercial 
licensing

• Small-scale/low-
cost options.

Impact 

 Cost for deployments 

 Time

 Downtime

 Flexibility

 Regulatory compliance

 Integration with other 

systems
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Purpose of the manifesto

The purpose of the MES of the future manifesto is a call to action from the biomanufacturing industry to vendors of 

manufacturing execution system (MES) solutions.

The manifesto articulates:

•  The gap between the current generation of MES solutions and the needs of the biomanufacturing industry

•  A realistic and achievable vision for the MES of the future that will meet the needs of biomanufacturing 

plants of the future.

The manifesto is intended to stimulate collaboration between biomanufacturers and vendors of MES solutions that 

will outline roadmaps for future development. Active collaboration has the potential to deliver significant benefits to 

both biomanufacturers and MES vendors.

This manifesto analyzes the experience of BioPhorum member companies who have implemented MES solutions 

in the current generation of biomanufacturing plants. The findings of this analysis, combined with the direction 

of new manufacturing and digital technologies, define the needs for an MES of the future capable of deployment, 

configuration and support in this highly regulated industry. This will address the challenges associated with current 

MES solutions and propose improvements that will make them fit for the biomanufacturing plant of the future.
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2.1 Background to the workstream 
The collaboration has been sponsored by manufacturing 

IT leaders representing over 90% of the global 

biopharmaceutical manufacturing capability.  

The collaboration group was created in Q2 2021 

and comprises 61 representatives from major 

biomanufacturers. From Q3 2021, representatives  

have joined the collaboration from major MES vendors 

and it is intended that the publication of this manifesto will 

engage further MES vendors as well as provide a focus for 

ongoing dialogue.

To define the scope, objectives and deliverables of  

this work a charter has been created.

2.2 Charter 
The charter sets out the drivers and benefits of the 

collaboration in a simple but compelling way. It defines the 

problem and impact of the current state, sets out the goals 

of the collaboration and gives a clear indication of the 

benefits in achieving those goals. It also sets out the scope, 

deliverables, timescales, risks and linkages pertinent to 

the success of the collaboration.

The key points are:

Current-state problem

•  While MES solutions provide considerable 

benefits to regulated manufacturing of biological 

products, current systems can be expensive, slow to 

implement, and lack the flexibility/agility/openness 

to be updated and supported efficiently

•  Current approaches are not suitable for certain 

biomanufacturing scenarios, e.g. small-scale and/

or low-cost manufacturing plants and for new 

biomanufacturing modalities such as those for CGTs

•  The biomanufacturing industry has not created 

a common view on future MES requirements 

to support the development of new products/

services from MES vendors.

Impact on biomanufacturers

•  Deployment of MES solutions or upgrades is slow 

and expensive

•  The specialist and highly technical skills required to 

adapt solutions adversely impact time and cost

•  ‘Lite’ approaches with a smaller footprint in both 

scale and function are not available for certain 

biomanufacturing situations

•  Biomanufacturing industry needs are not 

understood or built into product roadmaps, 

exacerbating the problem in the long term.

Hence, the goal of the MES of the Future workstream is to:

create and implement a manifesto for the MES of the 
future	that	clarifies	industry	objectives	and	leads	to	
detailed industry/MES vendor collaboration on solutions 
to overcome current challenges and limitations.

2.0

Introduction 
This manifesto has been created under the auspices of BioPhorum by a collaboration of manufacturing  
IT	experts	from	major	biomanufacturers	and	technology	experts	from	major	MES	vendors.	It	is	intended	as	a	 
call to action for vendors of MES products to understand the needs and challenges faced by biomanufacturers 
in	the	deployment,	configuration	and	support	of	MES	solutions	in	this	highly	regulated	industry.	As	well	as	
addressing the shortcomings of current MES offerings, this manifesto looks to the future and considers how 
biomanufacturing will evolve alongside technological advances to create the need for an MES of the future. 
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2.3	Benefits	
MES systems developed to the requirement outlined in 

this manifesto will deliver the following benefits:

Benefits	to	the	biomanufacturers

The MES of the Future charter defines the following 

benefits to the biomanufacturing companies:

•  Speed/cost benefits through improved approach 

to system update/deployment

• Zero downtime

• Greater data availability

•  Improved flexibility of use and deployment through:

 —  Modular approaches to let manufacturers 

choose only the features they need

 —  Streamlined software licensing models for 

better cost efficiency

 —  ‘MES-lite’ and other alternatives available for 

regional/small manufacturing sites and new 

modality of biomanufacturing, e.g. Cell and Gene 

Therapies (including cloud-based deployments)

•  MES vendor understanding of industry needs 

built into product roadmaps

•  Flexible and open integration mechanisms such 

as low-code/no-code interfaces allowing for 

future-ready, user-driven system integrations

•  Efficient tech transfer through system 

integration across clinical development  

and commercial manufacturing.

Benefits	to	the	MES	vendor

Developing MES products that address the needs  

of biomanufacturers will, in turn, deliver greater 

revenues to MES vendors and encourage enduring 

partnerships with the industry. This is an opportunity for 

vendors to align and justify necessary, long- 

awaited product innovation with true business needs.  

There are clear benefits to MES vendors in supporting 

biomanufacturers to deliver the following: 

Reduce total cost of ownership (TCO)

•  Decreasing the cost of support for 

complex deployments

•  Reducing the time it takes internal employees 

and users to learn their products

•  Reducing the overhead it takes to maintain high 

amounts of customization of their product 

•  The COVID-19 pandemic has illustrated the need 

for biomanufacturers to build manufacturing 

capacity quickly and produce drugs that can be 

distributed globally at scale. Biomanufacturers 

need off-the-shelf MES solutions that contain 

libraries of common biomanufacturing functions/

capabilities that can be adapted quickly to build 

out process capability, thereby reducing time 

spent on customization.
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Capitalize on best practices from the tech industry

•  Providing an opportunity to rethink how 

‘it’s always been done’

•  Increasing the ease of developing productized 

integrations with other systems (via cloud-

native technology)

•  Fostering a global MES knowledge 

GitHub-type community

•  Meeting the needs of biopharma companies 

requiring higher standards, e.g. digitally mature 

IT standards, security standards

•  Satisfying the growing need for biomanufacturers 

to adopt digitally mature IT and security standards

•  Addressing years of ‘tech debt’ build-up by 

leveraging new tech stacks

•  Increasing product quality via automated  

cloud-based testing suites

•  Leveraging containerized, microservices 

architecture to enable greater variety and tiers  

of licensing and pricing options

•  Biomanufacturing is a growth area with 

manufacturing processes that are evolving to 

become more automated and digitally more 

mature. Vendors who develop MES solutions  

to meet the evolving needs of this industry will 

see an increasing market share.

Capture underserved markets

•  Low-cost manufacturing: the current cost of 

developing/manufacturing biologics drugs makes 

them beyond the reach of a large portion of the 

global population. MES vendors that can develop 

products that reduce the initial investment and 

have commercial licensing models allowing 

for flexibility will see returns from a greater 

uptake of their products for biologic medicines 

development and ‘low-cost’ local manufacturing

•  Cross-product lifecycle: developing biologics 

drugs requires manufacturing flexibility.  

There is a need to start at small scale for late-

stage clinical trials with the ability to scale up 

quickly to commercial-scale manufacturing. 

Developing cloud MES solutions with a ‘pay- 

per-use’ commercial model would allow MES  

to be utilized from an early stage

•  New manufacturing modalities: the rise 

of personalized CGTs requires a paradigm 

shift in biomanufacturing. Extensive parallel 

processing of personalized batches will require 

full automation to be financially successful and 

capable of scale-up. MES solutions will be an 

essential element of this but will possibly require 

a new generation of product. Vendors that can 

provide such a product, ideally in a modular 

format, may gain additional market share. 
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3.0

Current state 

3.1 Introduction to biomanufacturing 
In this context, biomanufacturing describes the manufacture of biopharmaceutical products. Wikipedia 
describes Biomanufacturing as “a type of manufacturing or biotechnology that utilizes biological systems 
to produce commercially important biomaterials and biomolecules for use in medicines. Biomanufacturing 
products are recovered from natural sources, such as blood, or from cultures of microbes, animal cells, or plant 
cells grown in specialized equipment. The cells used during the production may have been naturally occurring 
or derived using genetic engineering techniques”1.

In this manifesto, biomanufacturing is considered in 

terms of three different manufacturing processes:

Drug substance: this is where cultures are grown in 

controlled bioreactor environments before being 

extracted and purified.

Drug product: this is where controlled doses of 

the biomaterials are created and filled into vials 

(typically) in aseptic conditions. This process is also 

known as fill-finish.

Packing: the vials are labeled and packed, together 

with information leaflets, in conformance to the 

requirements of the various global regulatory 

agencies. Packing contains both primary and 

secondary packaging processes.

Each of these three processes take place in 

one or more dedicated plants – in many cases 

geographically separated.

3.2 Biomanufacturing in BioPhorum 
member companies 
Within each biomanufacturer there is typically an 

ecosystem of many different manufacturing plants 

for the three processes described above. These vary 

enormously in capacity and complexity. Operations  

can be manual, semi-manual through to fully automated 

and levels of digitization vary from paper-based 

through to fully electronic records (EBR) that require 

full integration to the wider suite of enterprise, 

manufacturing and quality systems.

To describe this wide variation of capabilities and levels 

of technical complexity, BioPhorum developed a Digital 

Plant Maturity Model (DPMM). Appendix 1 gives an 

overview of the DPMM and provides links to where the 

full model can be found. The DPMM defines the concept 

of a digital plant in terms of four core and four enabling 

capabilities. These are described alongside measures of 

maturity from the simplest, paper-based plants (level 

1) through to the state-of-the-art possible with today’s 

technology (level 4) and looks forward to the digital 

plant of the future (level 5).

Benchmarking across BioPhorum member companies 

shows some plants to be still at level 1, many plants 

are at level 2 with aspirations to move to level 3.  

Level 3 is typical of what is considered best practice 

in the industry. Some advanced biomanufacturing 

plants obtain level 4 in certain capabilities, but 

generally, level 4 across DPMM capabilities is not  

yet seen within the biomanufacturing industry.

One factor that is core to the ability of biomanufacturers 

to progress to higher levels of digital plant maturity is 

the implementation of MES solutions, and the associated 

vertical and horizontal integration to the manufacturing 

technology ecosystem. The challenges of implementing 

and operating the current generation of MES solutions 

within the technical and regulatory constraints of 

biomanufacturing is described in this manifesto.  

It is hoped that the manifesto opens a dialogue between 

biomanufacturers and MES vendors that will lead to a 

common vision and the evolution of MES products that 

address the needs of the biomanufacturing industry.
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3.3 Current MES solutions and the 
impact on biomanufacturers 
An analogy of a Swiss Army knife could be applied to 

most current MES solutions. They are designed to be 

applicable to many manufacturing scenarios across many 

industries but fail to be optimized for any one of them. This 

perceived mismatch between the specific needs of the 

biomanufacturing industry and a one-size-fits-all approach 

from MES vendors leads to solutions requiring specific 

customizations. These customizations are expensive and 

need specialist resources to implement. This additionally 

locks the biomanufacturers into costly ongoing support.

This mismatch is further compounded by limits 

to the flexibility of current MES offerings. From a 

functionality perspective, a fully featured MES is not 

always required. In some current implementations, 

the MES is used solely as an EBR system to ensure 

proper production execution, and only requires a 

small portion of the product capability. In its most 

basic form, the MES is only acting as a ‘paper-on-glass’ 

solution, i.e. to digitize a manual, paper-based process. 

This is illustrated in Table 1 with example scenarios. In 

each case, different levels of functionality are either 

required or unnecessary.

Table 1: Example scenarios with necessary and unnecessary functionality 

Scenario Examples of required MES functionality Examples of unnecessary MES functionality

Equipment management that includes recipe 

authoring and execution for standard operating 

procedures	(SOPs)	specific	to	equipment	

calibrations, cleaning, daily checks, etc.

Equipment, state model, basic recipe authoring, 

standalone recipe execution, equipment log

Orders, materials, complex recipe authoring, 

exception management, release management

Process development recipes that are being 

optimized as they are used

On-the-fly recipe authoring, equipment, materials, 

orders, complex recipe authoring

Exception management, release management, 

rigid execution/enforcement features, Enterprise 

requirements planning (ERP) integrations

Commercial manufacturing of full-blown recipes 

at a single site/small company

Complex recipe authoring, equipment, 

materials, orders, exceptions, release 

management, critical integrations

Configuration migration site to site, multi-site/

global features

Commercial manufacturing of full-blown recipes 

at multiple global sites

Complex recipe authoring, equipment, materials, 

orders, exceptions, release management, critical 

integrations, configuration migration site to site, 

multi-site/global features

On-the-fly recipe authoring
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Specific overheads to biomanufacturers of implementing 

and supporting the current generation of MES solutions 

can be grouped under the following headings:

• Architecture

 Current MES solutions are perceived as monolithic 

and inflexible, with a large footprint and not easily 

adaptable to the large variations of plant models 

within a single biomanufacturer. A large investment 

of time and money is required to set up an MES and a 

simple, lightweight variant is not available for small-

scale or low-cost production.

 Current solutions often have a rich history in other 

industries and are therefore not optimized for the 

specific requirements of biomanufacturing, a heavily 

regulated industry in which many manual tasks 

are performed, and the emphasis is on collecting, 

recording and approving of process data (EBR). 

• Specializations for biomanufacturing

 Current MES products do not come with pre-

established production process templates and 

operations. This means that each company starts 

afresh with designing and creating libraries of 

operations and phases for the biomanufacturing 

processes, often with varying quality in structure 

and reusability. The biomanufacturing industry 

would benefit greatly from a clearly structured 

library in which the knowledge and experience 

of manufacturing process specialists could 

be combined with the specialist MES product 

knowledge of the supplier.

• Integration

 The experience of many biomanufacturing 

companies is that integrating an MES product 

into a production landscape involves defining, 

developing and implementing expensive, custom-

built interfaces to effectively extract and combine 

data. 60 to 80% of required data is similar between 

implementations and common across the industry.

• Compliance

 Biomanufacturing is subject to varying regulations 

defined by pharmaceutical regulatory bodies across 

the globe. Proving compliance to these regulations 

requires extensive system and process validation. 

Validation of typical MES implementations is 

time-consuming and expensive. Ever-smaller batch 

sizes and a greater diversity of products require a 

greater degree of flexibility regarding creating and 

validating new recipes. Additionally, the monolithic 

nature of current MES solutions requires significant 

revalidation efforts for any changes, whether 

biomanufacturer or MES vendor driven. In reality, 

these changes could have zero or low impact on 

different areas of functionality if the MES were 

designed in a truly containerized and modular way.

• Change management

 Maintenance of running systems requires a great deal 

of manual configuration and implementation, leaving 

room for error even with input from the vendor’s 

specialized engineers. In addition, updates, patches 

and modifications cause significant production 

downtime and additional revalidation costs. 

 Typically, MES solutions specify the underlying 

software, including databases and operating 

systems, which often require an upgrade of the 

entire environment as a prerequisite of installation 

in an existing manufacturing facility. This is usually 

accompanied by additional hardware and licensing 

costs that ultimately do not add much value to the 

overall solution. This effect is compounded by the 

need for frequent patching and version upgrades  

to the underlying platforms.
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4.0

Vision 

4.1 The MES of the future 
The fourth industrial revolution, or Industry 4.0, is the trend toward automation and data exchange in 
manufacturing technologies and processes. It includes cyber-physical systems (CPS), industrial internet  
of	things	(IIoT),	cloud	computing,	cognitive	computing	and	artificial	intelligence	(AI)2.

The MES of the future is a key building block for Industry 

4.0 transformation. It will be modular and support 

plug and play into the ecosystem of current and future 

technologies. It will enable comprehensive data collection 

and data exposure, and act as a foundational data source 

for analytics and an enabler of digital tech transfer. 

Industry 4.0 requires the MES of the future to have 

full horizontal and vertical integration with: enterprise 

systems; manufacturing and quality systems; 

manufacturing equipment; sensors; wearable technology 

and augmented reality (AR)/virtual reality (VR).  

It will exist in an environment where manufacturing data 

moves seamlessly to/from IIoT and edge technologies, and 

will support seamless automation. To enable advanced 

Industry 4.0 capabilities, the MES of the future must 

support predictive capabilities and is a central component 

of a truly adaptive manufacturing process with the 

adoption of AI and machine learning (ML).

The MES of the future will be flexible, scalable and 

process agnostic. It will have a light or zero footprint 

and be easily maintainable. It will enable the full 

digitization of manufacturing processes and, through 

high availability of data and advanced diagnostics, 

ensure transparency of operations. 

The MES of the future will directly support 

biomanufacturing through libraries of biomanufacturing 

processes and operations. Additionally, it will be capable 

of supporting new biomanufacturing modes varying in 

scale from: large-scale pseudo-continuous processing 

(super-batch) to personalized CGTs (batch per patient). 

It will have the capability to scale up from clinical trials to 

full-scale manufacturing and the ability to rapidly deploy 

to meet global demand.
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4.2 New biomanufacturing modalities  
Today, around 90% of all biological medicines are based on 

monoclonal antibodies and are traditionally manufactured 

in stainless steel bioreactors of up to 3,000L capacity.  

This is changing rapidly with the development of 

new classes of drugs and advances in manufacturing 

technologies. The industry faces a substantial challenge in 

developing capabilities to manufacture the new modalities, 

therapies and product forms.

Looking to the near future, a range of these new 

manufacturing modalities will exist in the industry and 

MES solutions must evolve to be implemented across this 

diverse array of manufacturing scenarios. The modalities 

required to manufacture the widening classes of biological 

medicines will be combinations of the following facets:

• Process types: 

 — Batch  

 — Fed batch  

 — Semi-continuous  

 — Fully continuous

• Scale range: 

 — Single patient  

 — Development  

 — Commercial  

 — Industrial 

 — Clinical

• Containment types: 

 — Closed single use  

 — Open stainless steel  

 — Hybrid

Precision medicine, for example CGT, requires a paradigm 

shift in biomanufacturing. Large, or even relatively small, 

batch production will be replaced by unique ‘batch of one’ 

production, based on genetic material from the patient 

which will entail a significant shift in operating model; 

with a strong focus on logistics, chain of custody/identity 

and integrating with third-party therapy centers – all at 

significant scale. This will drive the need to fundamentally 

change the architecture and approach to manufacturing 

systems across the business. MES solutions will need to 

adopt more aspects of ERP platforms to provide better 

material identity and logistics tracking, and integration with 

the production operations, together with a distributed 

model that goes beyond traditional production cells and 

into the clinic. It is unlikely that current generations of 

MES products, focused on batch manufacturing, will 

be able to provide the necessary capabilities without 

significant customization, and emerging technologies with 

decentralized ‘mesh’ approaches will need to be developed.

The flexibility and agility to manufacture multiple 

modalities and product variants will be key.  

Automation will drive repeatability and consistency,  

and reduce human exposure during manufacture, leading to 

efficiency, effectiveness and sustainability benefits.
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4.3 The biomanufacturing plant 
of the future 
As stated, the biomanufacturing industry is facing 

challenges and must adapt manufacturing processes to 

meet a rapidly changing market for biological medicines.  

In the context of MES solutions, there are some key 

drivers for change:

•  Reduce the cost to patients of biological 

medicines and increase market access

•  Reduce cost and time to build new 

manufacturing plants

•  Reduce cost and time to introduce new drugs  

to existing plants

•  Increase regulatory compliance by reducing variability 

and demonstrating higher levels of control.

These drivers, together with advances in manufacturing 

and information technologies, have been brought 

together in the BioPhorum Biomanufacturing 

Technology Roadmap (Appendix 2). This gives a 

10-year view into how the developments of science, 

technology and engineering will converge to drive the 

manufacturing of biological medicines. Figure 1 is a 

one-page overview of the BioPhorum Biomanufacturing 

Technology Roadmap v2.0 vision.

Figure 1: Overview of BioPhorum Biomanufacturing Technology Roadmap v2.0 vision 
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• Meeting the data demands of patients,  

stakeholders, compliance and regulatory

• Automating information capture and flow,  
for speed, accuracy and effectiveness

• Applying AI to manage and improve processes  
for quality and efficiency

• Ensuring organizations and workforce have the 
capabilities needed for the future.

Batch
Fed batch
Semi-continuous
Fully-continuous

Inputs
Inbound
Raw materials
Consumables

Secondary packaging
Patient information  
Outer pack  
Ready to distribute

Create
Upstream
Drug substance

Purify
Downstream
Bulk drug product

Primary pack
Product into primary containers

Single patient
Development
Commercial
Industrial

Closed single use
Open stainless steel
Hybrid 

SustainabilityAgilityValueQualitySpeed

Pace of change
Uncertainty
• Pace of tech development
• Need for sustainability
• Impacts of pandemic
• Supply chain complexity
• Attitudes to risk

Products
New product modalities
• Develop new biologics 
• Develop improved product formulations
• Manufacture expanded portfolio, e.g. 

mAbs, vaccines, ADCs, gene therapy, cell 
therapy, mRNA etc.

Patients
Market growth
• Global demand for biologics
• Patient-centric healthcare
• Data transparency
• Affordability

BioPhorum Technology Roadmap 2.0
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Figure 2: Facets of the automated biomanufacturing facility of the future 

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. 

A key part of the roadmap defines an automated biomanufacturing facility (links in Appendix 2). Figure 2 gives a 

diagrammatical representation of the facets of the visionary automated biomanufacturing facility of the future. 
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Requirements for a facility of the future can be 

summarized as: 

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

To realize all the benefits of the fully automated facility, 

the biopharmaceutical industry must embrace some 

key lessons:

•  Move away from the ‘go it alone’ mentality.  

A move to open-systems designs will require a 

paradigm shift from high levels of customization 

to buying what is needed and using it as is. 

Industry should move away from the need to 

customize all levels of ISA-88 and ISA-95 models 

to simple configuration, or at most stringing 

together ready-made modules

•  Control software cannot be standardized if 

the underlying process is not standardized. 

Variations in processes and unit operations  

are a crucial impediment to full portability

•  Begin 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.

Data management 

With new technologies in IT and automation, the industry 

will move significantly toward data-driven manufacturing. 

With this change, a new discipline is needed, i.e. ‘data 

management’, incorporating:

• Data governance

• Data architecture, analysis and design

• Lifecycle data management 

• Data security

• Data quality.

The industry (including academia) and its suppliers need 

to focus on these areas as they will be key success factors 

for the future.

High-availability automation systems 

Unanticipated downtime and downtime due to upgrades 

are still prevalent. There is an opportunity for technical 

advances to eliminate downtime, 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.

Reduction of manual labor by using robotic systems 
and mechanization 

Labor costs are highest in biopharmaceuticals compared 

to any other industry. Significant opportunities have been 

identified to reduce labor costs by using robotic systems 

and mechanization. 

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.

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 in traditional IT and automation 

operational technology will converge, driving the need for 

new, multidisciplinary skills and organizational models.

Biomanufacturing Technology Roadmap metrics

The need to deliver the changes defined above is driven 

by the metrics in Figure 3. These metrics give a sense of 

the size of the challenge faced by the industry (note these 

are currently a work in progress and included here in draft 

form for illustration only).
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Figure 3: Five and 10-year metrics for flexibility, speed, quality and cost 

The Automated Facility report concludes with the following:

“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.”

Hence the call to action of this MES manifesto.

Driver Metric Current state Five-year target 10-year target

Flexibility

Facility utilization percentage <70% >85% >95%

Titer range in upstream that is directly accommodated by 

downstream facility fit

Fed batch: 0.1–2g/L

Perfusion: 0.05–1g/L/day

Fed batch: 1–10g/L

Perfusion: 0.5–5g/L/day

Fed batch: 2–40g/L

Perfusion 0.5–10g/L/day

Product changeover time for one production train 3 days <18 hours <8 hours

Time to reconfigure suite for new process >2 weeks <1 week <2 days

Number of platforms per suite (e.g. ability to change 

between CHO, E. coli, yeast and gene therapy within a 

suite)

1 3 >5

Speed

Time to produce first GMP material for the clinic 18–24 months 12 months 8 months

Facility build speed 3 years 2 years 1 year

Speed to market 7–10 years 5 years 3 years

Time to make product (E2E speed)
4–6 months 2 months 1 month

100% 50% reduction 75% reduction

Time to release product (E2E speed) 4–12 weeks 2 weeks 1 day

Time to introduce a change into an existing process

6–12 months

US/EU

2 months

US/EU

1 month

US/EU

18–24 months

ROW

18 months

ROW

6 months

ROW

Quality

Cost of non-quality >10% of operating costs 10% of operating costs 2% of operating costs 

Process variability (ppk) <1.2 >1.5 >1.8

Assay quality (ppk) <1.2 >1.5 >1.8

Inventory quantity

Inventory cover 3–6 months

50% reduction

2 months

90% reduction

2 weeks

Cost

Total cost to supply
$100/g (mAbs) $50/g (mAbs) $10/g (mAbs)

100% 50% reduction 90% reduction

Cost of upfront investment in manufacturing

$500m+ DS facility 

(depends on capacity) 

$100m+ DP facility

$100m DS facility

$50m DP facility

$50m DS facility

$25m DP facility

Cost from Phase III process analytical and formulation 

development to launch
100% 25% reduction 75% reduction

DS – drug substance, GMP – good manufacturing practice, ROW – rest of the world, CHO – Chinese hamster ovarian, DP – drug product

https://www.biophorum.com/wp-content/uploads/bp_downloads/Automated-Facility.pdf
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There is a separate section for each key area:

1. Modular architecture

2. Integration and data access

3. Recipe management

4. Initial deployment

5. Operation and support

Each section sets out the metrics, needs, challenges  

and solution requirements that reflect the key drivers  

for change. These sections are not independent,  

there are some intentional overlaps and duplication.  

This is reflective of the multiple drivers and multi-faceted 

challenges in selecting, installing and operating MES 

solutions in complex biomanufacturing plant ecosystems.

The objective is to illustrate the challenges as viewed from 

multiple standpoints and identify common themes and 

solution drivers across the dimensions.

Potential solution requirements that address the 

challenges have been identified and mapped on to 

indicative timescales. These are not intended to be 

constraining but are reflective of the expectations  

of the biomanufacturing industry.

5.1 Modular architecture 
This section refers to the modularization and/or 

containerization of MES products. This will allow specific 

functionality to be enabled/disabled as required. In a truly 

modular and containerized product, it will be possible 

to vary the footprint to only install the minimum for the 

application to function as required in the manufacturing 

ecosystem. As well as reducing redundancy, this will 

have a major impact in reducing configuration, testing, 

validation and maintenance tasks. As requirements 

change, a modular MES solution can be expanded and/or 

further features enabled. From a commercial perspective, 

pay-per-use or pay-per-function licensing models can 

be developed which will reduce the cost of ownership 

and encourage deployment in small-scale or low-cost 

manufacturing scenarios.

The development of configurable cloud-based MES 

solutions with flexible commercial licensing models  

will go a long way to solving today’s challenges.

5.0

Needs and challenges 
This	chapter	addresses	gaps	between	the	current	state	and	the	future	vision	by	defining	the	
current challenges in key areas and suggesting potential solutions against timescales that enable 
the biomanufacturing industry to meet its vision.  
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Metric Target

Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Reduction in feature deployment time including automated 

deployment and testing solutions

30% 50% 90% A large part of the deployment effort is on the validation side. A faster, 

leaner approach from vendors in the validation effort (automated 

solutions) may reduce delivery time to customers

Reduction in time to value for manufacturing plant through automated 

solutions and smaller delivery packages

30 days 90 days 180 days Leverage automated solutions to deploy applications

Reduction in cost to manufacturing plant (variable cost) 20% 30% 40% Through pay-per-use subscription models, dynamically scalable 

architecture, etc.

Reduction in total cost of ownership (deploy, maintain, extend, evolve) 20% 30% 50% Deployment architecture, ALM/TLM, migration, archiving

5.1.1 Metrics 
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Easy-to-expand MES 

solutions as well as support 

for small modular footprints

Modular architecture 

capable of a minimal install 

with ability to expand and/or 

enable features 

H Modular architecture 

capable of a minimal 

install with ability  

to expand and/or  

enable features

Software as a service 

(SaaS) or private cloud 

with features enabled on 

demand and new features 

disabled by default

SaaS or private cloud with features 

delivered by separate and independently 

managed applications/modules

Ability to deploy application 

features faster if the need 

is minimal

System/software/application 

must be deployed/installed 

in entirety just to use one or 

two features

M Flexibility in deployment 

approach leveraging 

modular/container-

based services

Trend toward  

micro-services and 

interfaces via API

Only install/update 

modules for required 

functionality

SaaS or private cloud with 

features enabled  

on demand

Cloud-based suite of applications 

that can be implemented and 

updated independently 

It is crucial to be able to update the 

system or add new features in a 

modular approach without downtime 

and without impact to recipes

Applications must be 

scalable – when a new 

version of the application is 

required it must not require 

changes to existing features/

applications and new 

features must not impact 

existing recipes

Version upgrades are 

difficult, time-consuming and 

require significant downtime 

and revalidation

M Vendor documentation 

and traceability  

of change (release 

notes, UAT) 

Change should only  

be on the application 

side and agnostic  

to infrastructure  

and platform

Automated and silent 

installation of application 

major versions

Minimal impact to any 

recipes/configuration and 

master data

Automated and silent installation of each 

application/module

No impact to any recipes/configuration and 

master data

A defined upgrade path for major 

releases is required

Currently, there are no good solutions to 

keeping data in live upgraded system for 

major releases

Standard processes/functionality for 

automated regression testing when 

updating/upgrading must be ensured

Ability to leverage the 

manufacturing system in 

a broader ecosystem of 

manufacturing apps

Ability to integrate with 

functions/modules in an API-

based and reusable way

Integration 

methodologies need to 

be easier and more open

Functional silos exist in 

manufacturing systems 

and integration is 

complex

M Capable of certain 

API-based reusable 

integrations

Ability to flexibly co-exist 

with IIoT infrastructure, 

where data will be 

generated from  

multiple sources

Additional options for 

active pharmaceutical 

ingredient (API) based 

integration in and out of 

the MES application

Ability to orchestrate manufacturing 

functionality based on event triggers from 

other systems

Ability to send information to other supply 

chain systems for action/decision

Multi-tenant capabilities when required 

(e.g. ability to connect an application to two 

or more SAP systems)

Must have the ability to add or remove 

functions/modules with minimal impact/

reconfiguration to integrations and the 

overall manufacturing system ecosystem

Different levels of 

functionality may be 

required for different 

plants, e.g. some may 

require full EBR, while 

others are more manual

Restricted by single 

MES footprint

M Modularized or feature-

based architecture 

Lighter solutions for 

small manufacturing 

spaces

SaaS or cloud-based 

application deployment 

with features and 

functionality able to be 

turned on depending 

on requirements

Cloud-based deployment model with 

applications running in containers that are 

sized according to need

5.1.2 Needs, challenges and solution requirements 
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

VPCx and services-based 

architecture to support a 

module-based deployment

Should be platform agnostic 

(infra agnostic)

Long lead times and costs 

to deploy infrastructure for 

limited module/features

Some sites will not have 

infrastructure or support 

structure so must be able 

to leverage cloud or other 

site infrastructure

M Placement of the 

application should be the 

customer’s decision

Infrastructure/platform-

agnostic approach

Containerized 

application platform

SaaS or cloud-based 

with features enabled on 

demand and new features 

disabled by default

Independent applications/

modules are containerized 

for automated deployment

One-click installations of independently 

managed applications/modules

Delivered in containers to remain agnostic 

of infrastructure

Multi-tenant applications/modules 

when required

Initial costs (including 

licensing) must be 

commensurate with 

functionality being deployed

Hardware and application 

entry costs are high which 

creates a barrier for entry in 

a single module/feature 

L Modularized or feature-

based licensing

Lighter solutions for 

small manufacturing 

spaces

Strong push for cloud 

offerings with variable 

pricing based on 

functionality and usage

Independent applications or 

modules that can be licensed and 

implemented separately

Costs should not be prohibitive when 

additional functionality is required

Reducing vendor validation/deployment 

efforts in these scenarios may help bring 

down the costs to the customer and 

speed up deployment

5.1.2 Needs, challenges and solution requirements (continued)

5.2 Integration and data access 
This section covers multiple aspects of managing data within MES solutions  

and across the manufacturing ecosystem. Key points relate to the fact data is:

Ingested

•  Standard protocols must be supported for integration with source  

and destination system 

• Integration protocols must be technology and platform agnostic.

Contextualized

•  Master data must be capable of being viewed, managed and shared  

across multiple systems and across multiple MES instances 

•  Easy-to-configure business data objects using a drag-and-drop GUI  

and leveraging additional functionality such as filtering.

Curated

• GUI for data curation

•  Standardized data models/data objects must be supported and easy  

to modify/extend via GUI.

Analyzed

•  The MES must contain out-of-the-box reports, dashboards and analysis tools.

Extracted

•  Data should be easy to access, validated and retrievable in a format that is 

clear and easy to understand.

Exported

•  There is a need for simplified data access and extraction from the MES 

(via an API or similar) in a secure way. Currently costly add-ons are 

required for data analysis.
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5.2.1 Metrics 

Metric Target

Tactical <1–2yr Strategic 3–5yr Vision >5yr

Reduction in time to ingest manufacturing system data <6 months <1 month 2 weeks

Increase in data models available to downstream applications  

(of pertinent manufacturing data)

>50% >75% 100%

Reduction in cost to provide MES data to downstream applications/platforms 30% 50%–60% 80%

Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

All manufacturing systems data 

(and subsequent updates) readily 

accessible for use by enterprise data 

platforms (ingest/export)

All system data is not available right 

from the start – only manufacturing 

system data objects that have been 

identified, prioritized and developed 

are available

Data and database schema are complex 

and difficult to understand 

Systems not prepared for using data out 

of the box

H Simplified data 

visualization and 

analysis tools. A drag-

and-drop front end with 

data models built to 

support easy analysis 

and visualization

Application or solution 

that allows for all 

source data to be 

extracted and curated

Data analysis tools, user 

capable dashboards and 

ad hoc reporting tools 

built into the product

MES application data is 

available for consumption 

in downstream analytic 

platforms with no additional 

work for development  

or deployment

Plug and play

Data is in different languages and is 

needed by different business areas 

– QA, QC, etc. either for business or 

GMP reporting

Performance of data ingestion/

curation near real time (5–15 mins)

Performance of source system 

must not be impacted by the data 

ingestion/curation

Refresh times can be in the order of 

hours for large transactional data sets

Performance of source system can be 

impacted by the data ingestion/curation

H Application that can 

connect and ingest 

MES data from a 

secondary/standby 

source/DB (1–2 hours)

Application that can ingest 

MES data leveraging 

internal event bus/stream 

(<1 hour)

Application/engine that 

is capable of leveraging 

streaming events/data to 

curate in real time without 

the source system even being 

aware (5–15 mins)

5.2.2 Needs, challenges and solution requirements 
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Manufacturing system data and 

reports are extensible for the 

customer’s needs

There are few options beyond 

standard reports and updates to these 

are complex and costly

H Provide example 

industry-standard reports 

with enable and disable 

functionality to turn on/off 

sections as required

Provide standard reports that 

can be configured and added to 

as required and are able to run on 

multiple platforms

Easy-to-configure reports 

using a drag-and-drop GUI 

and leveraging additional 

functionality such as filtering 

Reports should be able to  

be developed and run on  

any platform

Manufacturing system data 

contextualized to be leveraged by 

downstream applications/views

Curation of raw/unstructured 

data must be easy to understand/

configure leveraging simple GUI

Native data is difficult to understand 

and use. It needs a lot of prework to 

convert to a different format. 

The means to translate/curate 

transactional data is complex 

and requires the vendor to code 

specific transformations which 

leads to time and cost

M Capability to define MES 

business data object models 

for use in contextualization of 

MES data

Application that allows consolidation 

of MES data with other source systems

Easy-to-configure business 

data objects using a drag-

and-drop GUI and leveraging 

additional functionality such 

as filtering

The challenge 

is moving from 

transactional 

state data to an 

understandable 

format that provides 

value to the 

business/users

Easy to add new data 

objects to the data set (quick 

implementation time) without 

customization (configuration)

Every new data object is another 

project/effort with time and  

cost considerations

M Minimized number of steps 

required to design and deploy 

new data objects such that it 

can be achieved in a matter 

of weeks

Tools provided to perform the 

data object creation and a view 

to the data dictionary/model

Application or solution that allows 

for creation of data objects by 

dragging and dropping fields in an 

easy-to-use GUI

Easy to add new objects without 

complicated linkages/paths to join the 

data objects

Simulation and optimization 

functionalities (digital 

twin) with autonomous 

adjustments possible

The mechanism of ingestion 

and curation of data is 

agnostic to the version of the 

manufacturing system platform

Ingestion and curation methodologies 

are heavily dependent on, and 

linked to, specific versions of the 

manufacturing system applications

M Allows for backward 

compatibility between MES 

version and the data extraction 

version. Two/three versions of 

compatibility are provided

When the MES version is updated, 

an automated way to update the 

corresponding data ingestion/curation 

app version is provided

A view/analysis on what will be 

changing in the version update and the 

affected data objects is given

Complete decoupling of the 

MES application and the 

data extraction version is 

possible. The data extraction 

application can run on any 

cloud-based platform

Manufacturing system data 

ingestion/curation is multi-tenant 

in that it can pull raw data from 

multiple plants and curate the data 

in one central platform for use by 

downstream applications to analyze 

cross-plant supply chain data

Manufacturing system data 

pipelines require multiple servers/

infrastructure to ingest and curate the 

data to a central platform

M Reduction or simplification 

of the infrastructure 

footprint required to run  

the data ingestion/curation

Allows for multiple sites to be plugged 

into the data platform

MES data extraction platform 

runs in a central support hub 

connecting to and providing 

data from multiple plants in 

the network

5.2.2 Needs, challenges and solution requirements (continued)
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr

MES solutions are flexible to 

reflect the increasing use of IIoT 

and Edge technology as sources 

of data

All manufacturing data is generated 

from MES solutions. Increasingly IIoT 

and Edge technology will be the source 

of data in the MES of the future

M Supports common schemas 

coming from IIoT/smart 

equipment

Most (>50%) of IIoT/smart 

equipment can be connected using 

plug-and-play functionality (no 

special coding required)

Ability to read IIoT data from 

cloud platform

Reads 100% of IIoT equipment 

data from any cloud platform. 

MES integrates directly with 

any IIoT device to support 

process/analysis requirements 

(no customization required to 

achieve this functionality)

Notifications provided to multiple end 

points/systems

Notifications from processed data are 

typically only sent to one end point 

(system of user), limiting flexibility with 

process or operational changes

M Provides capability to easily configure 

standard notifications based on rules

Provides capability to configure 

advanced rules/algorithms for 

notifications to multiple end points/

systems based on logic

Platform can leverage AI to identify 

trends in quality or performance 

and suggest updates to process/

configuration

Quality data and performance data 

can be exported. Data available for 

multiple data platforms (platform 

agnostic) and contextualized in a way 

that allows subsets of MES data to 

be associated with data from other 

systems (e.g. ERP, LIMS) gathered in 

the chosen data platform

Manufacturing systems data is 

available only to a small number 

of platforms/systems and is 

typically designed specifically for 

those platforms

L Can run on, and provide data to, 

multiple hosting and data platforms

Data mining functionality

Data is usable by different 

platforms including mobile, IIoT, 

cloud-based applications

Contextualized MES data and objects 

are available in formats that are 

usable by latest technologies and 

enterprise data platforms

Centralized master data/content 

that can control selected objects 

across multiple linked MES 

instances on the cloud

Master data can only be managed on an 

instance-by-instance basis that cannot 

enforce standardized master data

L Ability to view master data/objects 

across multiple sites/systems

Ability to store master data/objects 

from multiple systems in the same 

structural way

Centralized hub to manage and 

share master data/content across 

multiple linked MES instances on 

the cloud with the added ability to 

limit localized changes for selected 

objects. Additions or changes in 

the centralized hub should be 

automatically pushed to the MES 

instances. Need to notify if differences 

in master data/objects

5.2.2 Needs, challenges and solution requirements (continued)
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5.3 Recipe management 
This section covers the creation, modification and approval of recipes in the MES. 

It also covers the need for MES to support RbE in recipes and to have the ability to 

trigger exception processes in quality systems. Key points include:

Specialist skills

Currently, unique solution expertise in addition to a biomanufacturing skill set 

is required to understand how to design recipe templates to develop optimized 

recipes. MES needs to be intuitive and easy to learn.

GUI and tools

A simple and intuitive user interface for recipe design is needed: 

— Graphical representation 

— Drag-and-drop functionality 

— Inclusion of audio/video instructions 

— Support for AR.

Library

Biomanufacturing sites have common manufacturing process segments with 

similar steps and data requirements. The need is for a recipe component and 

template library and generic naming convention for describing and capturing the 

common, shared process steps within biopharma, based on international standards.

Recipe development

A solution that recommends ways to optimize current recipes and identify 

commonalities against existing recipes to begin template development is required.

The MES must have built-in support for general, site and master recipe 

management for approval and release.

The MES must have the ability to export entire design and historical data to 

comprehensive visual workflow.

Reviews and approvals

The MES must support RbE including auto-closure of certain pre-approved 

exception categories.

The MES needs built-in tools to facilitate issue investigation by users with 

standardized methods for communicating exception data to partner systems.

The MES must provide real-time feedback on out-of-trend (batch-to-batch) 

process parameters to users, as well as providing a trigger to quality management 

systems to initiate a deviation process.
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5.3.1 Metrics 

Metric Target

Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Standardization/templatization of pharma processes 

(to ensure quality)

35% 75% 100% Quality equates to on target with minimal variation

Recipe components help achieve quality; therefore, the statement 

automatically applies it to the components themselves 

Defines process execution

Enablement of business process review-by-exception across 

the ecosystem

45% 80% 100% Documents product/production knowledge, know-how and details

Communicates ideas and support thought process among different SMEs

Reduction in need for extensive user training 30% 90% 100% Revolutionize system UI/UX

Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Simple and intuitive UI for 

recipe design:

- Graphical representation

- Drag-and-drop functionality

- Inclusion of audio/video instructions

- Support for AR

MES applications focus 

on efficient design of the 

operations of the software 

components and appear 

to regard UX/UI as an 

afterthought to be figured 

out by users

H All modules should be user 

friendly

Technology should be aligned 

between modules

Users should be able to find 

features when needed

Software should suggest the 

next actions

Recipe authoring via drag-and-drop GUI 

with ability to name fields as required

Pre-configurated data types that can 

be selected to create operations

Database manipulation is managed 

by the backend system 

Allow for recipe execution to follow 

voice commands and respond in kind

Remove unnecessary 

interactions or repetition

Prevent mistakes and 

easily recover operations

Use without fear of loss 

or making mistakes

Full support for AR

Generally the software UI should 

meet the following:

- Meaning of software elements 

are easily understood

- Clear and immediate indication 

of states and results

- Foresees results before actions

- Supports voice commands and 

responds in kind

Does not require a high learning curve 

and specific system expertise to define 

and manage recipes

Recommends ways to optimize current 

recipes and identify commonalities 

against existing recipes to begin 

template development

Unique solution expertise 

is required in addition to a 

biomanufacturing skill set 

to understand how to do 

recipe template design to 

develop optimized recipes

H Reference capability and 

ability to find and replace 

phases/functions used in 

multiple places

System compares recipe components 

with a degree of similarity between 

components to aid in optimizing design 

and prevents variance by limiting the 

number of unique components

Suggests appropriate 

recipe components 

based on recipe context, 

equipment capabilities 

and design style

5.3.2 Needs, challenges and solution requirements 
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Ready-to-use operations 

and business process 

templates, designed with 

reusability in mind

Pharma manufacturing sites have 

common manufacturing process 

segments with similar steps and data 

requirements. Businesses constantly 

reinvent the wheel by attempting to 

produce recipes specific to each business 

process segment for a particular site, 

addressing the site equipment and 

layout, resulting in differences in the 

quality of the end result

H Design a recipe component and 

template library and generic naming 

convention for describing and 

capturing common, shared process 

steps across pharma, based on 

international standards (e.g. ISA-88, 

ISA-95), to ensure quality and 

reusability. Design must align with 

business process modeling

Specify a unified, system/

platform independent library 

and recipe exchange format, 

preferably reusing existing 

technology (e.g. B2MML, XML)

Build pharma recipe 

packages that are aligned 

to best practice for MES 

applications

Permits RbE through 

integration with other 

systems such as quality 

management system 

(QMS) and ERP 

Exception handling from 

user perspective 

Review, analysis and disposition of 

exceptions is not possible without 

additional development work either 

internal or by the vendor 

H Common pre-built exception 

review, categorization, analysis and 

disposition capability 

Exceptions and batch review 

flexibility for management (e.g. 

assigning different numbers 

of reviewers and approvers as 

needed, and not type or single 

category dependent)

Standardized methods for 

communicating exception data to 

partner systems when exception 

is related to those systems

Allow for flexibility to 

collaborate on exception 

investigation and closure

Auto closure of 

certain pre-approved 

exception categories

Tools to facilitate issue 

investigation by users

Investigation of exceptions 

is mostly manual and 

documented in more than 

one system

No one-stop shop to identify 

an exception, investigate and 

disposition it

Production process 

exception handling  

to ensure minimal  

product variation

Product variation due to out-of-

specification process parameters not 

being identified and handled efficiently

H Identify out-of-spec process 

parameters and duration of 

recipe component

Support for proper handling of the 

identified exception

Real-time feedback on out-

of-trend duration of (manual) 

activities for users

Real-time feedback on 

out-of-trend (batch-

to-batch) process 

parameters for users. 

Provide a trigger to 

a QMS to initiate a 

deviation process

Out-of-trend should be the 

same regardless of the data 

source – manual or automated

Capability to develop 

varying levels of  

recipe complexity

Developing a production recipe is a 

highly iterative process involving several 

SMEs. A recipe goes through several 

stages during its lifecycle

M Built-in support for general, site 

and master recipe management for 

approval and release – implemented 

via a product lifecycle management 

(PLM) solution

Assist in the iterative process 

for recipe development, 

maintenance and retirement

Provide an overview of 

changes during all stages of 

the recipe lifecycle

Establish a marketplace 

for open-source recipe 

components to be 

shared between MES 

platform users

5.3.2 Needs, challenges and solution requirements (continued)
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Export entire design 

and historical data 

to comprehensive 

visual workflow 

Little support for users in tracking 

activities and improving the 

manufacturing process

M Export diagrams and workflows Extract historical batch data 

for analysis purposes

Integrated real-time feedback on 

recipe execution to give insight 

on recipe performance, e.g. 

recorded errors or other events

It is vital to create a visual 

overview of the recipe 

including the equipment 

and master data, combined 

with the historical batch 

record data

Effective master data 

management between 

systems for material data 

and equipment data

Master data, for equipment and 

materials, is often duplicated and 

enriched with additional parameters in 

multiple systems (e.g. MES and ERP). 

This results in a lot of required, error-

prone work to keep information aligned 

between systems

M/L Overlapping data fields are 

separately maintained

Enhanced integration 

capabilities for portions of 

data models

Seamless integration of 

master data that resides in 

other system(s)

Simple intuitive  

UI to minimize  

(re-)training requirements

Training on the job for new operators 

takes time and effort, and disrupts 

normal operation. Vendors designing 

MES products appear not to 

prioritize usability

L UI designed with user 

experience (UX) in mind. 

Easy-to-find action elements 

eliminate redundancy  

in operations

Build in training in the 

software by providing video/

audio/written instructions 

and AR as part of the models, 

phases and screens

All or part of the training 

takes place in a complete 

virtual environment, which 

approximates the real experience 

as closely as possible

Software training should have 

intelligent interactive capability 

where a user can investigate 

the different functions in a non-

linear fashion

The available production 

description, in the form 

of a recipe, is used to 

train operators and other 

production personnel in 

the execution of processes 

and workflows. This helps 

shorten training of new 

operators, prevents errors 

and has no impact on 

equipment availability

5.3.2 Needs, challenges and solution requirements (continued)
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5.4 Initial deployment 
This section covers aspects of installing and configuring MES solutions for  

use in a live biomanufacturing environment. Key areas for change are:

Initial	installation	and	verification

• Automation of installation

• Simplicity of use and skills required for configuration.

Creation of interfaces

• To active directory

• To ERP and other level 3 and 2 systems.

5.4.1 Metrics

Metric Target

Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Time for initial software installation and verification Up to 5 hours Up to 1 hour Near zero Installation should be automated in all cases and, as the products become 

modular and containerized, should quickly tend toward zero

Time to install, configure and verify standard interfaces with 

partner systems

Up to 1 day Up to 8 hours <1 hour Note: This refers to integrations using standard protocols such as OPC 

and includes the technical configuration and testing only
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Reduce the time it takes 

to execute the automated 

install process

It takes considerable 

resources (time and labor) 

to install an MES. The 

manual process is usually 

fraught with errors

H Standardize and automate the 

software initial installation process on 

software hardware infrastructure

Create a one-click installation 

capability  Installation must capture 

formal evidence automatically

Software is hardware agnostic

Add tools to provision the hardware 

needed for installation

Remove the need for infrastructure 

teams to provide resources before 

installation

Ready-to-use reliable SaaS 

option for companies to use as 

they need

Cloud solution should simplify 

deployment challenges

MES deployments must 

support fully automated 

deployment tools (like 

Ansible), with simple local 

configuration settings in a 

managed file

Learning curve for these 

systems is too steep, it 

must be easier to configure 

and build

Initial deployments are very 

time-consuming

H All modules should be user friendly, 

with high usability 

Technology should be aligned 

between modules

Users should be able to find features 

when needed 

Software should suggest the 

next actions

Drag-and-drop GUI with ability to 

name fields as needed

Pre-configured data types that can 

be selected to create operations 

Database manipulation is managed 

by the backend system 

Remove unnecessary 

interactions or repetition

Prevent mistakes and easily 

recover operations

Enable use without fear of loss or 

making mistakes

Enable voice command/response 

for recipe execution

Same simplicity, ease of use, 

and intuitiveness is needed 

here, as in the recipe section

Immediate interfacing 

capability using 

standard protocols

Creating custom interfaces 

with all major ERPs and level 

3 and 2 systems is complex

H Standard configurable connections 

to major ERP systems and LIMS, etc. 

without the need for middleware

System should have a plug-and-play 

interface with SAP and other major 

ERP and level 3 and 2 systems

Service bus type of model for 

adding source and target systems 

without system-specific message 

requirements

Preconfigured interfaces that 

can be turned on/off without 

technical work by an expert

This refers to integrations 

using standard protocols such 

as OPC

System should be useable 

as soon as it is installed

Installing the application is 

just the start of the journey. It 

is followed with a tremendous 

amount of work to build the 

necessary recipes, operations 

and phases to enable 

operators to use them

M System has initial pre-configured 

library of operations, covering most 

standard pharma processes or the 

vendor should offer an extensive 

library bought by module

Include standard base 

configuration set for phases in 

addition to operations

Phases in a pre-configured library 

with capability to configure 

additional settings within the phase 

as needed

Pharma business process 

templates available for use 

by users with minimum 

configuration

See similar needs under 

recipe management

System should be Active 

Directory (AD)-ready

A good amount of work is 

needed to connect an  

MES to AD

M Ready for connecting to AD

Simplified system security 

management (roles, responsibilities 

definition, user capability to update 

expired passwords, etc.)

Standard AD and security roles 

across all platforms with flexibility 

for customization where needed

Cross-system access standards

5.4.2 Needs, challenges and solution requirements 
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5.5 Operation and support 
This section covers multiple aspects of operating an MES in a live biomanufacturing 

environment. Note that operation and support are not only related to the system 

itself, but also the readiness of the vendor for providing support across different 

time zones and languages. Key points include:

Support and issue resolution

• New technologies to be utilized for support and troubleshooting

•  Embedded mechanisms to be provided for automatic and immediate  

root cause analysis.

Upgrades and patching

•  The lifecycle of MES solutions needs to be aligned with the lifecycle of  

the underlying or dependent architecture components

•  Changes in the product should minimize any possible impact on the 

customer’s existing operational systems

•  New features should have no impact on existing operational recipes  

and have an easy migration path

•  Redundancy or failover must be included and supported in the 

architecture. 

Process operation

•  MES vendors should provide standard tools for system and  

process issue prediction 

•  The MES must include reliable tools to predict, detect and  

overcome exceptional situations during recipe execution.

Lifecycle management

• Archiving of the system and its data is part of the lifecycle of the system

•  MES vendors to provide a continuous data archiving strategy/tool that 

can be executed even when the system is operational. 
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5.5.1 Metrics 

Metric Target

Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Reduction in effort of server (Windows OS, Unix)/security patching/

database maintenance

30–50% 70–80% >80% Reduces to zero with cloud-based MES

Time taken for application upgrades (major/minor/dot release)

Downtime for production go-live

<3 months

<12 hours

<1 month

<4 hours with automated steps

< 1 week

Zero-performed automatically

Uptime expectations – high availability of the MES in run mode <30 minutes downtime <5 minutes downtime 100% availability

Time for database server migration

Time for review and release

<5 minutes

<30 minutes

Zero – real-time data available

<5 minutes

Zero – fully automatic

Zero – fully automatic

Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Zero impact OS and security patching Patching of systems typically 

requires downtime and 

extended verification testing in 

some circumstances

H Timely MES vendor testing 

and assessment provided 

Redundancy/failover 

option for patch updates

Enable silent OS and 

security patching

Architecture that does not 

rely on security patching 

for uptime

Quarterly patching updates require a 

significant number of hours of downtime

In future, cloud features should be leveraged 

for availability and reliability improvements

Data synchronization in real time while 

maintaining accuracy and consistency 

of the data

Real-time data synchronization 

between different application 

environments without 

interrupting or slowing down 

the business process is a 

challenge

H Simplified background data 

synchronization processes 

that reduce timing impact 

on MES operations

Data synchronization built 

as a core functionality, with 

no impact on operational 

bandwidth

Application/data fully 

separated allowing 

seamless data 

synchronization across 

systems using native 

platform tools

Many MES applications have data 

embedded into the platform and 

synchronization can impact the operational 

performance of the system. Moving to 

complete application/data separation will 

allow independent synchronization without 

operational impact

5.5.2 Needs, challenges and solution requirements 
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Zero downtime for 

maintenance and upgrade 

tasks:

- DB maintenance

- Major application upgrades

- Minor/dot releases

- DB server migration

Maintenance/upgrade tasks 

require downtime which causes 

loss of business productivity

Some facilities have 24*365 

production with zero 

downtime needs

H Minimal downtime due to 

maintenance/upgrades

Zero downtime due to 

maintenance/upgrades

Maintenance/upgrade 

tasks are performed 

automatically without 

human intervention

In general, the vendor should 

provide a clear strategy for 

executing ‘hot migrations’ without 

stopping production 

The vendor should work toward 

simplifying the architecture over 

time without impacting performance 

and stability

More capability/tools within 

the system to resolve system 

issues and proceed with 

execution activities with 

minimal delay

System administrators must 

rely on scripts or guidance 

from the vendor to resolve 

issues which can be costly and 

result in delay that cannot be 

readily supported 

H System should guide 

with possible root 

cause of issue and 

expected solution

System should solve the issue 

automatically and only prompt 

IT/supervisor for approval to 

solve issue

No issues will occur. The 

system should predict the 

issue in future

Off-the-shelf solutions that are widely 

tested and updated in near real time, 

such as dev-ops model

Simplified error 

handling/management 

with minimal delay for 

resolution or direction for 

execution to continue

System error messages are 

vague or require system 

administrators to spend 

time understanding the 

resolution path. Difficult to 

establish simple processes 

for contingency, business 

continuity, disaster 

recovery, etc.

H Vendors to provide 

training and support portal

Better tools  

for troubleshooting

The MES contains tools and is 

configured out of the box to predict and 

troubleshoot issues

Self-healing application 

and systems

Zero downtime system 

able to predict issues and 

implement measurements 

to avoid them

An MES is not just a collection of 

functional features. Vendors should 

consider the completeness of the 

system and the end-to-end lifecycle, 

including operation and stability

More agile/modular way 

to support

In most instances, MES 

vendors are applying waterfall 

for support at the vendors/

running applications; internal 

development might have moved 

toward agile but support is still 

in the old-fashioned way

M Vendors to review 

their development and 

validation approach so 

the delivery of bug fixes 

and new enhancements 

is performed faster and 

with less impact

Agile allows also for reduction of 

documentation while keeping the 

validated state: patches, hotfixes, etc. 

need to be delivered in an agile and 

fast way

In a fully implement 

continuous improvement/

continuous deployment 

(CI/CD) model, fully 

tested and qualified 

patches or updates 

will be released and 

deployed automatically 

to MES platforms from 

a controlled repository 

without the need for 

manual intervention

Besides the vendor methodology/

approach for delivering patches/

enhancements, for the customer, the 

update of the system normally implies 

high effort, no matter the scope of the 

update in question

This is because the MES is considered 

as a whole and impact on operations 

is unclear

This multiplies validation activities 

A modular/encapsulated delivery 

approach is essential

5.5.2 Needs, challenges and solution requirements (continued)
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Needs Solution requirements

Need Challenge Impact Tactical <1–2yr Strategic 3–5yr Vision >5yr Comments

Reduced impact/re-work 

to existing recipes after 

system upgrade

When an upgrade happens, site 

teams must update all existing 

recipes to account for updated 

phases and operations that are 

no longer available in a newer 

solution version

H Vendor should guarantee 

that new features do not 

affect old functionality. 

It should be possible 

to update the system 

with zero impact on 

operational recipes. It 

should not be necessary 

to update recipes after 

system upgrades

Eliminate recipe re-work and 

updates during system upgrades

The system can propose changes on 

recipes based on new features

Seamless impact to recipes

The application upgrade 

appears seamlessly on next 

start of the application

The system evolves 

automatically and, in an 

autonomous way, can 

create new versions of  

the recipes using the  

new functionality

Customers delay system upgrades 

because of fear of the unknown impact. 

To increase customer trust, vendors 

should have more frequent, automatic, 

low-impact updates and a reliable 

updating method

Create business continuity 

records or ESP/MBR reports 

to be used in case of system or 

communication issues

Use cases when the system 

is disrupted are either 

not managed at all or not 

managed sufficiently. There 

are not enough fallback 

scenario tools to recover 

operations, to guarantee 

data integrity or to generate 

complete documentation. 

Business continuity is an end-

to-end process

H System should provide 

out-of-the-box tools 

to guarantee business 

continuity and data 

integrity in case  

of disruption

System should provide complete 

and meaningful documentation 

from the GMP standpoint detailing 

what happened, how the system 

was restored and how/why data 

integrity is guaranteed

System can restore 

operations without 

human intervention 

after disruption 

guaranteeing business 

continuity and producing 

full explanatory 

documentation

5.5.2 Needs, challenges and solution requirements (continued)
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6.0

Next steps 
The goal of the manifesto is to provide a focus for ongoing dialogue and 
to act as a call to action for vendors of MES products to understand 
biomanufacturers’ needs and the challenges they face. The next steps 
will be for the BioPhorum collaboration to act on the recommendations 
and issues raised in the manifesto:

•  Long-term collaboration between biomanufacturers and vendors of MES products will 

continue with the aim of addressing each of the challenges identified in the manifesto

•  Working together, biomanufacturers and MES vendors will prioritize findings 

and recommendations in the manifesto to construct roadmaps to overcome 

each of the challenges identified

•  Additional MES vendors may be invited to collaborate, if necessary, in the next-

phase MES of the Future workstream where it is found they may have a specific 

resolution to a problem identified

•  Benchmarking and compare and share between biomanufacturers will continue as a 

means of speeding up the improvement process and learning from industry peers

•  The workstream will develop a roadmap for ‘MES-lite’ and other alternatives available 

for regional/small manufacturing sites

•  The workstream will collaborate with other Phorums/workstreams to ensure efficient 

tech transfer through system integration across clinical development, commercial 

manufacturing and new manufacturing approaches, e.g. CGT, IIoT, cloud

•  The team will work together to share the findings of the collaboration 

via industry conferences and webinars.

It is essential that the manifesto is maintained in alignment with the future direction of 

biomanufacturing and the development of new classes of biological 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.
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Appendix 1 

BioPhorum Digital Plant Maturity Model 
The Digital Plant Maturity Model (DPMM) was developed by, and is used by BioPhorum IT member companies to assess 

plant maturity, identify capabilities needing development, create strategic plans and roadmaps, influence suppliers and 

develop human resources competency and development frameworks.

The DPMM is a multidimensional model with five maturity levels defined across four business and four enabling capability 

dimensions. It describes maturity levels that range from manual, paper-based, i.e. ‘pre-digital’ plants, through to the fully 

automated ‘adaptive’ plant of the future.

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. 

Figure 4 illustrates the results of a typical plant assessment.

For additional information, see the white paper The development of a Digital Plant Maturity Model to aid transformation in 

biopharmaceutical manufacturing. 

https://www.biophorum.com/download/the-development-of-a-digital-plant-maturity-model-to-aid-transformation-in-

biopharmaceutical-manufacturing/

A best-practice guide to the use of the BioPhorum Digital Plant Maturity Model and associated DPMM Assessment Tool can 

be downloaded here: 

https://www.biophorum.com/download/digital-plant-maturity-model-v-2/

Figure 4: Results of a typical plant assessment using DPMM 
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Appendix 2 

BioPhorum Technology Roadmap 
Current trends in the biopharmaceutical industry, continued market growth, new product groups, cost pressures and the 

trend toward localized manufacturing exert unprecedented pressure on biomanufacturers to innovate biomanufacturing 

platforms. To accelerate the industry’s journey, a technology roadmapping process has been established to determine 

common biomanufacturer needs and to share them openly with supply partners, academics, regulators and government 

agencies so that directions can be aligned and collaboration enabled.

The first edition Biomanufacturing Technology Roadmap, published in 2017, is an initial step, setting a broad vision for the 

future of biomanufacturing and designed to catalyze industry action.

The BioPhorum Technology Roadmap is a living entity. It is constantly reviewed and updated as new classes of biologics 

medicines emerge, new technologies are developed and manufacturing insights gained.

Under the auspices of BioPhorum, more than 50 technology roadmapping, strategy and innovation leaders from over 30 

companies have created the latest vision for the biomanufacturing industry. BioPhorum Technology Roadmap vision 2.0 

looks back on the last five years of the roadmap journey, reflects on how far the industry has come, and repositions the 

vision and objectives for the next 10-year phase. It communicates the high-level business drivers that underpin the map: 

patients, products, the pace of change and performance. It also covers the scenarios and industry capabilities that will be 

required to meet these challenges, described as outcomes rather than solutions. The mission is to create one voice for the 

biomanufacturing industry to articulate solutions and accelerate their adoption.

The BioPhorum Technology Roadmap v2.0 vision can be downloaded along with all the first edition documents via the 

BioPhorum website:

https://www.biophorum.com/phorum/technology-roadmapping/biophorum-technology-roadmap-vision-2-0/
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