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OPERATIONAL EXCELLENCE  
PLATFORM by LNS Research is the alignment 
of people, process and technology capabilities 
to create a culture of continuous improvement; 
supported by metrics and organized in the functional 
pillars required for full stability. Measured in terms of 
maturity, shortfall in one pillar causes vulnerability; 
shortfall in more pillars risks catastrophic failure.

Smart Manufacturing, Industry 4.0, Digital Transformation and the 

Industrial Internet of Things (IIoT): we are bombarded by new terms 

and hype that remind us daily of the rapidly changing world for man-

ufacturers. Everyone can find an excuse for ignoring them but, be 

assured, it is not all hype. The world is changing faster than ever and 

manufacturers cannot afford to be left behind.

LNS Research has been studying the industrial software market 

for years and its researchers talk with hundreds of practitioners ev-

ery year; there is one common theme – find a starting point for 

Digital Transformation. This eBook will show how manufacturing 

operations management (MOM) can be a low risk, high-value en-

try point for manufacturers that see manufacturing as a key part of 

Digital Transformation.

The definition of MOM systems has been given a lot of attention 

due to the efforts of The International Society of Automation (ISA) 

and other organizations that have clearly delineated the various lev-

els of software and systems in use in the industrial environment. 

Indeed, the ISA-95 standard goes so far as to define individual mes-

sages required between functions in a MOM system. However, few 

(if any) vendors religiously follow these definitions – not that this is 

important as we move into a digital world.

This eBook will explain that a clear strategy for first steps towards 

Digital Transformation is required. We will also show how for many 

manufacturing companies that first step can be implementing a com-

mon MOM layer to collect, share and disseminate information. How-

ever, MOM is not the main driver – corporate strategic objectives lead 

to programs that will enable operational maturity, and operational ex-

cellence, and ultimately digital excellence.

Executive Summary

Click to learn more about the
Operational Excellence Platform

TRADITIONAL VALUE CHAIN TECHNOLOGY ARCHITECTURE

L5 Governance and Planning Systems
ADOPTION: Moderate DECISIONS: Months/Years NETWORK: Enterprise

L4 Business Systems
ADOPTION: Broad DECISIONS: Days/Weeks NETWORK: Enterprise

L2 Equipment and Process Control
ADOPTION: Broad DECISIONS: Sub-Second NETWORK: Plant

L1 Sensors, Instrumentation, Data Collection
ADOPTION: Broad DECISIONS: Sub-Second NETWORK: Plant

L0 Production Assets and Materials

L3 Manufacturing Operations Management
ADOPTION: Limited DECISIONS: Seconds/Minutes/Hours NETWORK: Enterprise/Plant

MODERATE INTEGRATION
Custom > Web Services

LIMITED INTEGRATION
Custom > Web Services

LIMITED INTEGRATION
Proprietary > Open, IP-Based

BROAD INTEGRATION
Proprietary > Open, IP-Based

BROAD INTEGRATION
Proprietary > Open, IP-Based

http://blog.lnsresearch.com/op-excellence
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The data presented in this eBook represents over 300 survey re-

sponses through 2016. LNS Research employs a social research mod-

el where our online format English language surveys are open to the 

general public. Companies participate in LNS Research surveys to 

gain access to the LNS Research library, meaning survey participants 

are research consumers as well. An LNS Research analyst follows up 

with each respondent by email and phone and the analyst reviews 

each response for accuracy.

The industry demographics of the survey largely match the broad-

er demographics of the industrial landscape, with discrete being the 

largest segment, followed by process and batch industries. Our re-

search also has a broad split across industries and company sizes.

Research Demographics

COLOR BY INDUSTRYCOLOR BY HQ LOCATION

Process Manufacturing

Discrete Manufacturing

Batch Manufacturing

North America

Europe

Asia/Pacific

Rest of World

INDUSTRYREVENUEGEOGRAPHY
COLOR BY COMPANY REVENUE

Small: Less than $250 Million

Medium: $250 Million - $1 Billion

Large: More than $1 Billion

45% 49%41%

10%
28%

15%

12%

37%

48%

15%



Benchmarking Manufacturing 
Operations Management

SECTION 2
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Over the last three decades or more, there has been substantial in-

vestment in many kinds of plant software. Research data shows that 

integrated MOM solutions are still seen as an investment opportunity. 

Other areas of growth are in analytics and Enterprise Manufacturing 

Intelligence (EMI), essential parts of a digital manufacturing world.

Software Investments

Actual and Planned Software Implementation

Data historian

MOM / MES suite

Visualization / HMI software

Production execution software

Statistical process control (SPC)

MPM / workflow / electronic work instruction

Recipe management software

Plant scheduling software

Plant quality management software

Plant and process simulation software

Advanced process control (APC)

Plant analytics

Operations intelligence / Manufacturing intelligence

Mobile applications for visualization and/or control

Predictive modeling

Process analytic technology (PAT)

0%                      5%                     10%                    15%                      20%                    25%

Plan it

Have it

8%

16%

4%

5%

5%

5%

3%

3%

3%

2%

4%

4%
4%

9%

1%

1%

19%

17%

13%

12%

11%

10%

10%

10%

10%

7%

7%

6%

6%

6%

6%

23%
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The LNS Research MOM maturity model spans 46 best practices 

taken from the responses to our manufacturing operations survey. 

This model is part of LNS Research's Operational Excellence maturi-

ty model which focuses on best practices for the MOM pillar across 

people, process and technology capabilities. These best practices 

truly are "best;" in most cases, we look for respondents who have 

implemented particular business processes and that support those 

processes with integrated software solutions. It is not enough to just 

have a process in place, so the bar is set high.

The maturity model looks at manufacturing operations – it is a bit 

early to benchmark only IIoT capabilities for technology, so the dis-

cussion today spans both next gen and traditional technology capa-

bilities. Some companies might make it out of the Ad Hoc level when 

measuring digital maturity but probably no manufacturers reach a 

Harmonized state today.

In manufacturing operations, we observe an interesting result in the 

Level 1 quintile. All those in the Level 1, Ad Hoc quintile have precisely 

zero best practices. The numbers increase very slowly, and at Level 5, 

Maturity in Manufacturing Operations

INNOVATION LEADER
Drives standards and expectations

AGILE
Evolved people, process, and technology 
across the enterprise

HARMONIZED
Flexibly unified at the organizational level

CONTROLLED
Repeatable within organizational, process, 
and/or technology boundaries

L1L1

L2L2

L3L3

L4L4

L5L5

AD HOC
Unstandardized with significant variation

Best Practice Adoption

Number of Surveyed Best Practices Adopted
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100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

MOM Maturity Levels
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Innovation Leader respondents have implemented 20 to 46 best prac-

tices. The majority fall in the 20-30 range. Given the requirements to 

meet the best practices, we know with certainty that Innovation Lead-

ers are well integrated, automated and managed manufacturers.

Manufacturing companies can evaluate their own maturity with 

LNS Research and learn how quick wins can bring them up the ma-

turity scale. An integrated MOM system is a prerequisite for higher 

levels; making the right choices will further improve maturity.

Maturity in Manufacturing Operations (Cont.)

95%

90%

85%

80%

75%

On-Time Delivery by MOM Maturity Level

L1 L5L4L3L2

L1: Ad Hoc L2: Controlled L3: Harmonized L4: Agile L5: Innovation 
Leader

81%

85%
87%

90% 90%

Maturity Level

On
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e 
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y



The Road to MOM 4.0

SECTION 3
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THE SEVEN LIVES OF MOM

Monolithic MOM

Distributed Modular MOM

MOM Apps on IIoT

IIoT Platform with some MOM Apps

Cloud Based MOM
From no MOM

CELL 4CELL 3

CELL 1 CELL 2

Controller

Drive

I/O

HMI

Plant Data 
Center / 

Application 
Server

FirewallFirewall SMART CONNECTED 
DEVICES AND ASSETS

CONNECTI
VI

TY

DATA

FUNCTIONS

SE
TU

P 
AN

D 
CO

NF
IG

UR
ATION

SECURITY

HARDWARE SETUP
& INSTALLATION

Plant Data Center / 
Application Server

Core Switches

Instrumen-
tation

External DMZ/FirewallExternal DMZ/Firewall

PLANT 
DEMILITARIZED 

ZONE

Plant Data 
Center / 

Application 
Server

ENTERPRISE

Gateway to 
Plant or 

IoT Network

Control

Mobile Device

INTERNET

to MOM 4.0

One could almost argue that everyone knows what a MOM system 

does. However, the variety of solutions on the market and the huge 

differences between process and discrete manufacturing (and other 

industries) shows that one size does not fill all.

Dozens of software vendors have addressed the differing needs 

with a wide range of MOM solutions, but manufacturing companies 

are all at different stages of implementing MOM and they have, partic-

ularly in the past, had differing goals for MOM. The advent of Digital 

Transformation has boosted interest in MOM since it can be a starting 

point for integrating factories into Industrial Internet of Things (IIoT) 

platforms. IIoT initiatives encourage manufacturing leaders to exam-

ine their current state of automation and MOM deployment so that 

they can make plans for Digital Transformation. To help leaders con-

sider where they are with MOM and where they need to go to, we 

offer the seven lives of MOM, from nothing to everything.

No Such Thing as “Standard” MOM System

LIFE #1: 	 No MOM
LIFE #2:	 Monolithic MOM
LIFE #3:	 Cloud-Based MOM
LIFE #4: 	 Distributed Modular MOM
LIFE #5:	 IIoT Platform with Some MOM Apps
LIFE #6: 	 MOM Apps on IIoT Platform
LIFE #7: 	 MOM 4.0

OF FACTORIES 
do not have MES systems80%
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We start with no MOM where plants may have automation, but no 

central management system is in place. Usually, the management 

functions happen with paper. This group is still by far the largest. 

LNS Research shows that close to 80% of factories do not have a 

MOM system.

Organizations with no MOM system in place need to make a 

strategic decision about the size of the first step into MOM. Since 

the move into MOM is part of the Digital Transformation process, 

manufacturers should consid-

er a partial move to IIoT solu-

tions. At minimum, a cloud-

based or modular solution will 

be a small start to get the ball 

rolling; work with solution pro-

viders to ensure that the MOM 

selection requirements clearly 

describe the intended paths 

and outcomes – that it’s part of 

Digital Transformation, not just 

an isolated MOM project.

Life #1: No MOM

L5 Governance and Planning Systems
ADOPTION: Moderate DECISIONS: Months/Years NETWORK: Enterprise

L4 Business Systems
ADOPTION: Broad DECISIONS: Days/Weeks NETWORK: Enterprise

L2 Equipment and Process Control
ADOPTION: Broad DECISIONS: Sub-Second NETWORK: Plant

L1 Sensors, Instrumentation, Data Collection
ADOPTION: Broad DECISIONS: Sub-Second NETWORK: Plant

L0 Production Assets and Materials

L3

MODERATE INTEGRATION
Custom > Web Services

BROAD INTEGRATION
Proprietary > Open, IP-Based

BROAD INTEGRATION
Proprietary > Open, IP-Based
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LEVEL 4

Detailed Production
Planning & Scheduling

Materials & Energy
Purchasing & 

Inventory

Production & Process
Engineering & Optimization

Production Performance
Reporting & Analysis

Production
Assets

Plant/Equipment
Maintenance

Production Execution, 
Tracking & 

Visualization

Receiving 
& Shipping

Human
Resource
& Labor

Quality
Assurance

LEVEL 3   Manufacturing Operations Management

LEVEL 4

MOM DATABASE

Monolithic MOM is the typical big software solution that includes 

most ISA-95 functionality bundled together, and usually managed 

through a proprietary database in the plant. The clear majority of 

MOM solutions today include a monolithic MOM system running 

in the plant (often one per plant). Small manufacturers with only 

a few plants might find monolithic MOM a low risk, but most will 

want to understand potential vendors' plans for the future of their 

MOM architecture.

Life #2: Monolithic MOM
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Cloud-based MOM is starting to get traction in several industries. 

This approach makes a lot of sense for many MOM functions where 

business systems already run in the Cloud, and there is a natural ten-

dency towards integration. For example, enterprise quality systems 

are often cloud based so it would seem logical to combine quality 

data from the plant and enterprise in the Cloud. There are, however,  

industries and functions that, to many people, simply demand that 

the apps reside in the plant and close to the automation and pro-

cess. Issues with latency, communications reliability and even secu-

rity cause a lot of fear. In the past, these concerns were justified but 

with today's networking and computing technologies, the reality is 

much less worrying than that theory. The advent of edge computing 

in manufacturing plants will help alleviate most performance issues 

as direct connectivity, local storage and data processing will all be 

available on upcoming IIoT platforms. Cloud platforms are a definite 

step towards IoT enabled MOM and decision makers should consid-

er where functionality meets today's requirements.

Life #3: Cloud-Based MOM

MOM

L0

L1

L2
L3

Ordinary Internet

Wireless Network
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Many large vendors have had monolithic MOM systems for some 

years. The big automation and business system vendors are invest-

ing in IIoT platforms; they need to bridge the gap between old and 

new architectures. One approach has been to modularize their 

MOM solutions to make it easier to transition to a new IIoT plat-

form. There are also a few pure-play MOM vendors who have stuck 

to a modular approach. Modular MOM will 

naturally move into IIoT or Cloud platforms. 

Going modular will probably involve choosing 

an IIoT based solution; many of the solutions 

in this category have rich functionality and a 

strong installed base.

Life #4: Distributed Modular MOM

MANUFACTURING OPERATIONS MANAGEMENT
Traditional Database-Centric Architectures

Integration Layer - Enterprise Applications

Integration Layer - Industrial Automation

Vi
su

al
iz

at
io

ns

Applications:
Scheduling, Dispatching

Applications:
Time & Attendance, 
   Training

Applications:
Purchasing, Warehouse

Applications:
EMI / OI, Reporting

Configuration:
Manufacturing
Master Data

Product & Production
Definition / Model / Schema

Mfg. Orders & BOM, Assets, 
Specs, Materials, Routes, 
Procedures, Recipes, etc.

Product & Production
Activity Database

Alarms, Events, Data Collection, 
Time Series, etc.

Applications:
Execution, Tracking

Applications: Asset 
Tracking, MRO, RCM

Applications:
OEE, Quality

MANUFACTURING OPERATIONS MANAGEMENT
Traditional Database-Centric Architectures
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The transformational step is taking on an IIoT platform with some 

MOM apps. Our previous view of an integrated MOM solution paved 

the way for the move to integration and collaboration platforms. We 

now know that IIoT platforms will enable moving all types of func-

tionality, including MOM, to the IIoT.

Life #5: IIoT Platform with Some MOM Apps

Standards, Proprietary

CONFIGURATION:
Platform Services, Modules/Apps

MODULES/APPS:
Execution, Tracking

MODULES/APPS:
Asset Tracking, MRO, RCM

MODULES/APPS:
OEE, Quality

MODULES/APPS:
Scheduling, Dispatching

MODULES/APPS:
Time & Attendance, Training

MODULES/APPS:
Purchasing, Warehouse

MODULES/APPS:
EMI / OI, Reporting

Application
Integration

Security
& Access

Unified Asset
& Production Model

Unified Operations 
Database & Historian

Global Deployment
& Licensing

Integrated Development
Environment

Collaboration
& Workflow

Visualization 
& Mobility

COMMON APPLICATION FUNCTIONALITY PROVIDED BY MOM PLATFORMS:

Enterprise Applications

Industrial Automation

ESB, Standards

MANUFACTURING OPERATIONS MANAGEMENT
Future: Integration and Collaboration Platforms
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Once a manufacturer has made the decision to its operational archi-

tecture on an IIoT platform, MOM apps should be the starting point 

for plant integration and optimization. Manufacturers that are this far 

down the road in their Digital Transformation journey may already 

have a monolithic MOM system in place. Today’s IIoT based MOM 

solutions are not yet ready to completely replace all the functionality 

of traditional MOM systems. LNS Research predicts that the choice 

of MOM apps is going to accelerate in 2018 and beyond as both plat-

form vendors and third parties start to deliver real value.

This will gradually bring us to MOM apps on IIoT, a level of maturi-

ty in platform and plant integration that will start to enable real value 

from plant data and new business processes.

Life #6: MOM Apps on an IIoT Platform

DATA/CLOUD

Distinct MOM App

IoT Services

DISPATCH PLAN/SCHEDULE

CONNECTIVITY

3D Print

Mobile/UI VR/AR

LEVEL 2
LEVEL 0.1

AI
Application

Development
Business
Systems

Machine
Learning

Analytics

TRACK



Life #7: MOM 4.0

MOM 4.0 is a life with "no MOM."  What could life with "no MOM" 

possibly look like? It’s a digital world. As we move into the more 

mature stages of running operations through an IIoT platform, we 

gradually become free of the burden of a standalone MOM system. 

Instead manufacturers will use MOM 4.0. MOM 4.0 offers flexibility 

of choice, process-specific functionality, and deep integration with 

business processes – it will deliver tremendous value through these 

characteristics and will support the business processes and peo-

ple’s roles that make up a digital manufacturing enterprise.
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Digital Transformation  
is a Vehicle, Not a Destination

SECTION 4
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Given that MOM systems will evolve rapidly over the coming years, 

industrial firms need to look much wider than just connecting the 

shop floor to business operations. Collecting manufacturing data is 

not the raison d'etre of a program, but rather a necessary step to 

achieve corporate strategic goals. Every company will have unique 

goals, and those with a clear path for Digital Transformation will need 

to define a starting point and a plan. Some will start with sales and 

operations planning (S&OP), supply chain or asset management. 

Others will view manufacturing operations as the place to be.

In a digital world, strategic objectives go beyond traditional op-

erations objectives like productivity, quality, asset performance and 

costs. Companies leading the digital wave are today considering 

smart products, end user engagement, order of one, product as a 

service, design to order, increased automation and many other trans-

formational goals. Many of these ambitions will require a much tight-

er integration between operations and the business than we typically 

see today. Ultimately, most businesses cannot achieve aspirational 

goals without accurate and timely manufacturing data.

To make the transition and ensure that the transformation de-

livers business value, manufacturers must map out an enterprise 

operational excellence program that defines success for specific 

business processes.

Business Drivers for Digital Transformation

DIGITAL TRANSFORMATION 
�FRAMEWORK by LNS Research 
describes a systematic approach to 
simultaneous and interconnected digital 
initiatives, in order to manage transformation 
across all levels and functions of the organization.

Click to learn more about the
Digital Transformation Framework

http://blog.lnsresearch.com/DX
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The world in which organizations use assumptions about manufac-

turing for business purposes is disappearing – flexibility and accura-

cy are not possible by guessing how much has been made or from 

waiting until a complete order is finished to report its parameters to 

the business. The fact is, business processes like order-to-cash and 

design-to-delivery are not possible without manufacturing or man-

ufacturing data. Becoming a master of not just business processes, 

but in reinventing business models requires Digital Transformation.

Of course, Digital Transformation is a massive undertaking and 

will not all happen overnight. The way to operational excellence is 

to think big and to start small – in this case start with MOM, possi-

bly, but not necessarily, with IIoT platform support. Regardless of the 

starting point, having a process and technology path to the digital 

future is key. The digital thread and the real thread will live together 

as twins, hence the concept of the digital twin.

Business Processes in a Perfect World

FACTORY LOGISTICS

MATERIALS
AND 

SUPPLIERS SERVICE

Design Simulate Process 
Design Make Deliver
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LNS has conducted extensive examinations of process and technol-

ogy points that help manufacturers achieve operational excellence 

and move towards Digital Transformation. Now we add the most im-

portant part – people. People are involved in every aspect of trans-

formation but more importantly, that transformation impacts people.

To ensure success, Digital Transformation must set down some 

critical goals. First on every list should be the concept of IT/OT con-

vergence. LNS has written much on this topic; all successful Digital 

Transformation programs require operations and IT to work together 

to ensure success – this is neither optional or nego-

tiable so ensure the team is in place before you 

spend a single dollar.

We have also explained that the entire transformation should be 

based on strategic objectives. These objectives are owned by top 

management so it is critical that C-level executives are on the team or 

at least actively engaged executive sponsors of the team's activities.

Leadership in Digital Transformation
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As we move to a digital world the separation between the buyers of 

automation from Level 0 devices to level 5 business systems 

will rapidly blur. Organizations still need to exercise and 

maintain business process rigor but we will reach a 

point where MOM as a separate layer of con-

trol will be delivered by a set of apps, some 

of which are specific to manufacturing 

operations, but most are IIoT apps run-

ning on the corporate platform. This 

will be the world of MOM 4.0 and 

running in a digital enterprise.

MOM 4.0, aka A Platform for Digital Excellence
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CREATE PLAN SOURCE MAKE DELIVER

We have considered a few of the key considerations on the way to 

Digital Transformation led by MOM . Manufacturing companies 

should formulate a plan based on the elements discussed. However, 

there is one more question that strategic thinkers in your organiza-

tion should consider: 

What does digital excellence mean to the enterprise?

 We already see some great Digital Transformation stories from 

leading companies. The true winners in the long term will be those 

that become digitally excellent enterprises. LNS Research looks for-

ward to continuing the journey with program members, and joining 

the journey with many more manufacturers.

The Goal: Digital Excellence
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Start the Journey to Operational and Digital Excellence

The road to Digital Transformation is a long one, and one that will 

not end. Manufacturers need to start now and follow a clear path 

from corporate strategic objectives through to successful program 

implementation.

If you choose the MOM route as a step towards the digital en-

terprise, ensure that you consider the big picture architecture, tech-

nology, process and the people needed to deliver on the business 

process changes you have planned.

Establish a transformation team led by a senior executive. The 

team should include staff from all levels and functions through-

out the organization. Don’t forget operators and other shop floor 

staff – they often have the most surprising and valuable insights.

Evaluate and understand operational maturity. This enables 

the organization to build a practical and effective plan from 

true current state to desired future state. Keep in mind, “fu-

ture state” isn’t a true “end state” because it will always be a 

moving target. By understanding where you are today allowing 

the team to address any major roadblocks to the initial Digital 

Transformation program.

Define the to-be business processes using MOM data. Agree-

ing on success criteria at the outset of Digital Transformation 

projects is key; the team should pick a project and define the 

to-be business process using MOM functions and data.
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Start the Journey to Operational and Digital Excellence (Cont.)

Establish an operational architecture, followed by platform 
choices and solution selection. Many companies conduct the 

pilot, make platform decisions, and MOM solution selection in 

tandem, or at minimum in relation to each other. Despite fu-

ture opportunities we do not expect support for other vend-

ors' MOM solutions on today's IIoT platforms – the most likely 

scenario is choosing one vendor for both. An important proviso 

about IIoT platforms – these are still early days and although it 

is clearly possible to select a platform by following a rigorous 

solution selection process, companies should not view their 

platform choice as irreversible – things will continue to change 

and improve well into the future.

Prepare to conduct plenty of internal evangelizing during 
the pilot. Throughout the project, the team should continually 

evangelize program merits – top management must stay active-

ly involved to demonstrate their support and show that the pro-

gram is critical. Lastly, the enterprise should encourage a cul-

ture of experimentation and risk taking. Celebrate failure and 

move on fast to the next attempt. Everyone will learn to move 

quickly and embrace change.

Manufacturing operations management is often a low-risk, high-

value Digital Transformation entry point for manufacturers. Those 

that wish to pursue this route have much work ahead. However, 

those that use proven strategies will pave the way for digital excel-

lence and in turn operational excellence.
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