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INTRODUCTION
Whether you work in process control or corporate engineering, this
manufacturing plant scenario probably looks familiar:
•

Your operations manager is constantly frustrated because his
facility runs on antiquated control systems that lack the features
and efficiencies of modern automation platforms.

•

Your engineering and maintenance teams struggle to implement
plant improvement projects and adequately support the plant’s
outdated hardware and software.

•

Your corporate engineers are tasked with supporting multiple
plants, but have difficulty accommodating the disparate legacy
systems in use at different sites.

•

Key staff cannot make informed operation and maintenance
decisions because your company lacks the systems needed to
gather, maintain, and analyze the necessary data.

Capital improvement proposals are
routinely rejected and inefficient facilities
are forced to limp along for another year.

The combination of aging manufacturing plants and tight budgets has
made this situation all too common in recent years. Your company’s
control and engineering leaders may spend countless hours
developing project plans and estimates for installing new distributed
control systems (DCS), new programmable logic controllers (PLC),
or even manufacturing execution systems (MES) used to increase
knowledge and awareness of real-time manufacturing performance.
Yet their capital improvement proposals are routinely rejected during
the annual funding cycle – and their inefficient facilities are forced to
limp along for another year.
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Financial Justification is Now Necessary
Traditionally, corporate finance departments have considered
manufacturing sites purely as financial assets. Each asset is made
up of an initial investment and ongoing fixed and variable costs.
The after-tax profit and cash flow generated by the investment
must justify these costs and yield an acceptable return based on
corporate requirements.
Companies once approved new plant automation systems
projects in an effort to maintain up-to-date, supportable computer
and instrumentation systems, even when overall plant financial
performance remained unchanged. But today, the finance teams
of most businesses require all capital improvement proposals to
demonstrate clear return on investment. That’s why it’s now critical for
automation and information systems proposals to focus mainly on the
financial justification of implementing a new system, rather than on
the perceived benefits of updating to the most current platform.

Effective Proposals Highlight Returns
To write more effective capital improvements requests, you’ll
need to explore and then demonstrate the ROI of upgrading your
automation and information systems. Before considering justification
for MES projects, you should make sure your plant automation layer
is solid and yielding accurate data for analysis. Then you’ll find that
the information layer can add significant incremental ROI value to a
project.
The goal of justifying the project is not to compare and contrast
new systems versus the existing legacy system, but to compare and
contrast project investments and their associated gains. In general,
these cash flows represent either reduced cost or increased
revenue and can center on a number of plant areas, including:
•

Increased production throughput

•

Improved product quality
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•

Increased availability/uptime

•

Reduced energy costs

•

Reduced operating costs

•

Reduced raw material costs

Throughout this paper, we’ll explore each of these areas in detail,
providing both analysis of different ROI scenarios and real-world
examples of the ROI benefits that automation and information
systems can provide. In Appendix A, we’ve included a formulaic
approach that you can use to calculate the quantitative ROI of a
plant system upgrade .

In Appendix A, we’ve included a formulaic approach that
you can use to calculate the quantitative ROI of a plant
system upgrade.

Any change that increases throughput improves the plant’s profitability.
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IDENTIFY ROI ACROSS THE
PRODUCTION PROCESS
To determine the total ROI for your capital improvement project,
consider the potential cost savings and revenue gains across your
entire production process.

Greater Production Throughput
If a plant is operating 24 hours a day, 7 days a week and can

Specialty chemical
companies can typically
decrease batch cycle
times by 5 to 15 percent,
which translates directly
to increased overall
throughput across the
batch trains.

sell 100% of its product, any change that increases throughput
improves the plant’s profitability. Automation can provide production
increases in a number of ways.

Streamlined Batch Processing
Many plants operate batch processes across chemical production
trains. Typically, an operator manually cues each step in the
operation and uses a paper batch record for the particular product
in the campaign. Batch plants can automate this process by
installing a new PLC/DCS system with an up-to-date batch recipe
management module. These modules use programming logic to
prompt each successive step as the previous one is completed,
normally resulting in shorter cycle times between batches. Recipe
management software also provides operations staff with better
tools and information they can use to prepare for the next product
campaign. This allows for faster product changeovers.

New automation can reduce bottlenecks in process facilities and thus
increase throughput across the plant.
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Specialty chemical companies can typically decrease batch cycle
times by 5 to 15 percent, which translates directly to increased
overall throughput across the batch trains. The dollar value of
these production increases is the tangible gain you should use in
the ROI analysis for a project.

Reduced Bottlenecks
New automation can also reduce bottlenecks in process facilities
and thus increase throughput across the plant. The key to realizing
this benefit is conducting a thorough analysis of the process train
and identifying where physical bottlenecks exist.
For example, a fertilizer/
chemical plant in the Southeast
U.S. recently identified a
bottleneck in a train of six
large equipment items known
as calciners. Calcination is a
thermal treatment process that,
in this instance, was applied in
a fluidized bed environment as
an intermediate step necessary
to produce the desired product

New automation can reduce bottlenecks in process facilities
and thus increase throughput across the plant.

quality. To improve throughput,
the plant carefully reviewed the
existing process with operations
and maintenance staff and

made some significant changes regarding automation and control.
The plant first addressed operational awareness. The existing
system required operators to control the six units from two separate
control rooms using old-style bench board controls. Operators
controlled calciners one through four using one bench board and
calciners five and six using another. To reduce this bottleneck, the
plant replaced the outdated controls with a PLC/HMI system that
incorporates the following specific features:
•

Graphical organization and presentation optimized for normal
and abnormal operation based on knowledge gained from
seasoned operator interviews.
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•

Algorithms for optimal control source selection in a harsh
environment prone to instrument failures, again based on
maintenance and operational input.

•

Improved alarm rationalization allowing for quick identification
of root causes and response.

Shortly after implementation the plant increased yields from

Shortly after implementation
the plant increased yields
from 45 tons/hour to 58
tons/hour and realized a
large revenue gain across
its operations.

45 tons/hour to 58 tons/hour and realized a large revenue gain
across its operations. This was all the result of improved operator
awareness as the control of the calciners is still primarily manual.
The plant also determined it could further optimize the process by
programming new control system algorithms in the PLC. This will
require the installation of significant new instrumentation, and the
plant is considering implementing it in the near future.

Improved Product Quality
Products frequently command higher market prices when
manufacturers improve their physical properties by using new
automation systems.

Increased Purity
Manufacturers often use feed forward control or other advanced
control packages to increase the purity of specialty chemicals or
active pharmaceutical ingredients (API). Legacy process control
systems don’t interface well with these newer control platforms, so
DCS upgrades become essential to improving product quality.

Tighter Tolerances
Not long ago, a wire and cable manufacturing company had
the opportunity to secure a new client who demanded tighter
tolerances on the stranding and jacketing of their cable systems. To
meet the client’s standards, the manufacturing company installed
a sophisticated measurement sensor that could maintain diameter
tolerances during production. The new system required a PLC with
Ethernet communication protocols, but having the new client’s
higher priced product on the production line increased revenue and
profit, and so justified replacing the older controller.
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Repeatable Accuracy
A different wire and cable company wanted an accurate measure
of the total length of cable it manufactures in each run. Ideally, they
wanted to obtain this feature at minimal cost and without purchasing
new instruments. By implementing a system that calculates the
integral of the velocity curve to determine the distance, they were
able to achieve their goals. The manufacturing company no longer
overproduces cable length and has immediate knowledge of the
length of cable produced during every run.

Consistent Quality
Many industries have improved product quality by integrating
several automated verification systems. Some manufacturers verify
size, shape, and color to ensure that only quality products continue
through production. Others use weight and density controls to
determine that just the right amount of material makes it to the
batch. Still others rely on pH controls to guarantee the quality or
safety of their products. When integrated properly, these types of
quality assurance systems help manufacturers realize higher quality
and higher return, which justifies the cost of upgrading to these
automated verification systems.

Increased Availability/Uptime
Replacing legacy systems with new automation systems increases
plant uptime by reducing a number of risks and providing
opportunities for virtualization.

Reduced Security Risk
Older automation systems typically run human machine interface
(HMI) software on Microsoft NT and XP machines that are no longer
supported and pose a significant security risk. Many IT departments
are strongly encouraging manufacturing to remove these legacy
computer systems from the plant floor because they’re susceptible
to viruses and can literally shut down the plant if a breach occurs.
To justify the expense, begin by capturing the cost of downtime due
to the inability to keep systems running at the plant in question.
Then document this as a negative cash flow in any funding request.
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You’ll also want to identify the overall maintenance cost reduction
associated with the new system, including the lower cost of OEM
support contracts on new systems as compared to legacy systems.

Greater Availability of Spare Parts
Obsolete systems also become a costly burden on maintenance
departments. Trying to secure “end of life” replacement parts can
be very challenging. Craigslist and eBay are unreliable suppliers for
manufacturing facilities that operate 24 hours a day, 7 days a week,
and OEMs that still have inventory sell it at a price premium due
to supply and demand. (OEMs also want to incent manufacturers
to convert to their new product line.) Upgrading to new automation
systems eliminates this spare part problem.

Redundancy for Critical Systems
When evaluating new projects, you should consider the impacts
of systems that are not fault tolerant, yet are critical to plant
operation. The new control systems under consideration can be
specified as redundant systems that can significantly reduce the
risk of downtime. For example, a critical purified water system at a
pharmaceutical site serves all product production areas with its raw
material. The system operates on a single PLC without redundancy.
Should it go down, so will all production areas that use the critical
water once the buffer/hold tank is exhausted. Adding redundancy to
this area should generate a positive calculated cash flow in terms of
estimated reduced downtime.

Virtualization
This is also a good time to consider the advantages of virtual
automation or information systems over traditional IT infrastructures.
Virtualization offers the IT and engineering teams significant
maintenance benefits, including the following:
•

Fewer computers are required to run the new system

•

Thin client solutions are cheaper to operate

•

A smaller hardware footprint reduces energy costs

•

New servers can be provisioned quickly

•

Disaster recovery systems are more robust
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•

Obsolete software can be run on newer systems

•

New operator nodes can be added quickly

Plus, virtualization makes it dramatically easier and faster to set
up a development and test system that mirrors the production
environment. This not only reduces man-hours for this activity, but
also decreases risk as no development needs to be done on a live
system. In addition, taking advantage of network micro segmentation
makes it much easier to separate virtual machines and functions,
which creates a more secure environment by preventing access to
those without proper credentials.
Finally, virtualization allows the integrator to easily stage
complete systems and client nodes off-site, and then to offer rapid
deployment to the virtual production environment and plant site.
Much faster deployment reduces risk and the time and expense of
shipping server hardware and peripheral equipment. Regardless of
your specific implementation, reduced life cycle costs in this area
will generate a positive cash flow credit in an ROI analysis.

Reduced Energy Costs
Carefully examining the plant energy envelope typically yields
ROI opportunities. In particular, automation improves efficiencies
in burner management systems, multi-fuel boiler optimization,
steam header optimization, heat exchangers, and other operational
procedures.

Optimal SOPs
After implementing an automated data acquisition system across
nine different oriented strand board (OSB) plants, a manufacturing
company compared operation parameters on each plant’s
regenerative thermal oxidizers (RTO). By analyzing the throughput
and fuel consumption across all the facilities’ RTOs, the company
was able to identify the optimal operational temperature and
procedures. They then updated the standard operating procedure
(SOP) at each plant using the revised parameters from their
analysis. The resulting changes generated thousands of dollars in
recurring monthly savings from reduced natural gas usage.
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Centralized Monitoring
The OSIsoft PI system implemented at a large scale corporate
campus in the Northeast U.S. provides centralized monitoring of
over 150 buildings and systems. Energy-saving workshop teams use
the 250,000 point historian system with web interface to establish
programs and procedures that reduce utility costs across the site.
Specific areas of return include off-hours HVAC use, better fume
hood utilization, and boiler fan optimization. The teams also use the
system to establish energy conservation mode criteria for plants
between production runs and monitor trending data to identify
boiler tube leakages early. (For more information, see the Eastman
Kodak Company case study at http://www.osisoft.com/templates/
Search.aspx?id=4028&searchtext=kodak.)

Increased Energy Generation
After upgrading a legacy DCS for four boilers and three steam
turbine generators and implementing advanced boiler and turbine
controls for a steel manufacturer, the site was able to produce
incremental megawatts compared to the old system through
quantifying and burning a byproduct waste gas from the steelmaking process. The multi-boiler combustion and turbine algorithms
maintained critical plant conditions such as plant header pressure,
temperature, and boiler oxygen, while producing incremental steam
for the turbines from the BTU of the byproduct waste gas. The
limited capabilities of the old DCS directed the byproduct gas to
a flare to be incinerated, which did not capture the incremental
energy from the gas BTUs.

“When you’re looking
for improved cash flows
and formulating cost
justifications for new
automation and information
systems, a good deal of
your analysis should focus
on operations departments”

Reduced Operating Costs
When you’re looking for improved cash flows and formulating cost
justifications for new automation and information systems, a good
deal of your analysis should focus on operations departments.
Operations personnel inevitably own the daily use of these new
systems, so ROI examples tend to be plentiful when considering
their perspective.
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Improved Situational Awareness
First consider what the system provides from an “operator
experience” point of view. Newer control systems typically offer
HMI graphics that adhere to the ANSI/ISA 18.2 standard dealing with
the principles of situational awareness. If a new system increases
situational awareness and thus allows the operator to correct
adverse conditions more quickly, plant safety will be improved. This
is a huge benefit to consider, and including it in your justification
will help with project approval. Still, it may be hard to quantify. You
can calculate more direct positive impacts of improved situational
awareness in terms of increased plant throughput. When corrective
actions to process conditions are executed faster due to increased
situational awareness, plant throughput, and thus plant revenues,
are positively affected.
Older systems in process plants typically become unwieldy as more
and more system alarms are added. These alarms become too
much for the operator to manage, creating a safety and operational
risk. Newer DCS systems have a number of updated alarm
management and rationalization tools to help the operators in this
arena. Alarm management problems can be corrected as part of
the new project, and you can assign a benefit for this improved
operator environment.

Knowledge Retention

“If a new system increases
situational awareness and
thus allows the operator to
correct adverse conditions
more quickly, plant safety
will be improved. This is a
huge benefit to consider,
and including it in your
justification will help with
project approval.”

As aging workers retire, they take their operations and maintenance
expertise with them. Fewer and fewer people in industry can
work on older legacy systems because system integrators and
OEMs no longer invest in training on the systems. By replacing
legacy systems with updated systems, operations can improve
their ability to make changes and systems enhancements both inhouse and with outside support. The newer systems will also attract
younger technical employees who want to work on state-of-the-art
equipment. This can have a positive impact on the hiring process.
One company with an aging work force implemented a historian
solution across multiple plants and began the process of obtaining
information to build the profile of a “golden batch” process run.
Previously, each operator had set up his equipment and processed
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a run using his own intuition and experience. After archiving process
variables over a period of time and evaluating quality against each
run, the client built a process manual for new employees to use
when engaged in production activities.

Increased Batch Consistency
In another example, an electric safety glove manufacturer has a
14-hour batch cycle for applying multiple protective coatings on its
gloves. The entire process is manual and a shift change must occur
during the cycle. Because the company inevitably has a number of
failed batches each year, it’s now implementing a fully automated
system with a data historian. The new system will increase batch
consistency and be less susceptible to errors occurring at shift
change. The overall result will be increased throughput per annum.

Centralized Control
A chemical company recently reduced operational costs by
installing a plant-wide DCS system to centralize 10 chemical plant
trains. Prior to the installation, the trains operated independently
with separate control systems and various levels of PLC automation
or single loop controllers. The centralized system allows the
company to run the entire plant with fewer control room operators,
freeing up manpower for other maintenance and troubleshooting
tasks. They now have one development system and one platform
with a simulator to train on. In addition, a unified approach has
replaced a single train operation mentality. This new flexibility
allows the company to assign staff to multiple areas and helps
combat attrition. Most importantly, the new centralized control
room is now in an explosion-proof building, thereby substantially
increasing the safety of the operators.
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Reduced Raw Material Costs
Evaluating raw material usage and waste often illuminates
additional ROI opportunities related to installing new automation
systems.

Efficient Material Usage
By analyzing and trending raw material consumption, automation
systems increase operational awareness. Operations personnel
can then make better decisions and create SOPs that ensure
more efficient raw material usage and handling. For example, a
manufacturer with sixteen OSB and siding plants implemented a
historian and statistical process control (SPC) solution. By tracking
process variables in conjunction with real-time quality results,
the company was able to reduce raw material consumption of
wax, resin, and wood wafers while maintaining required quality
parameters. After the data was discovered, the information system
continued to provide visibility into both the process and the newly
implemented procedures, resulting in a recurring ROI at each plant
of approximately $750,000 annually.

Evaluating raw material usage and waste often illuminates
additional ROI opportunities.
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CALCULATE YOUR RETURN
ON INVESTMENT
Calculating ROI is the easiest part of the project justification
exercise. We recommend using tools like annual/monthly payback
period, simple ROI calculations, internal rate of return (IRR), and
net present value (NPV) assuming a discount rate used by the
corporation. (See Appendix A for examples and a discussion of
these calculations.)
The key principle is to identify the methodology your accounting
department uses and incorporate those calculations in your funding
request. The justification exercise is truly a matter of spending time
and effort refining the positive and negative cash flows to make them
as accurate and relevant as possible. So focus on finding the gains
and savings your plant can reap from installing the new system. The
calculation is simply the final tool to make the analysis measureable,
relevant, and easily accessible to the accounting department.

Consider Outsourcing the Analysis:
A Case Study
Avid Solutions, a control system integrator, recently collaborated
with a loyal customer in the chemical industry on an ROI analysis
of a tank farm automation project. The two companies conducted
a study that defined all project investment costs and thoroughly

Successful ROI analysis of a tank farm automation project.
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analyzed the expected impacts on the tank farm operation. The

Based on the analysis, the
overall payback period was
estimated by the project
team to be 15.7 months.

study identified definitive positive cash flows from increased tank
farm throughput and cash flow cost reductions in the areas of
material handling, downtime, safety, and lost orders.
Based on the analysis, the overall payback period was estimated
by the project team to be 15.7 months and the simple ROI was
calculated to be 283% over five years. Though returns of this
magnitude may seem remarkable, they’re not uncommon for
automation and information system upgrade projects. (See
Appendix B for the full case study.)
In this example, Avid was brought in as an outside consultant to
thoroughly audit plant operations and assess cash flow impact.
The third-party approach is quite common because corporate and
plant engineering personnel typically have numerous ongoing
responsibilities that interfere with focused analysis. Regardless
of who conducts the audit, assessing a project from the cash flow
impact perspective is fundamental. The team, whether internal or
external, must be identified up front and given the time, access,
and tools to accurately develop the impacts. As a result of such
analysis, the project described here was approved and is currently
underway.

It is important to thoroughly audit plant operations and assess
cash flow impact.
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CONCLUSION
Getting a handle on how to justify controls and information systems
projects can be difficult; understanding how to identify the return is a
critical first step in the process. Start by defining the situation or problem
and then work through the solutions and their cost benefits. Enumerate
the gains and savings and agree on their value up front with the
financial staff at your organization. Then discuss the tool (whether DCS,
PLC, or MES system) that will be used to secure the results.

Eric Mayer, PE
Business Development
Manager
Avid Solutions, Inc.

Remember that your justification is not about system features or
hardware and software costs. It’s about the resulting positive cash
flows relative to the investment cost of the system. Consider your
plant, your staff, your goals, and your company’s overall strategy
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Vendor-neutral and flexible, at Avid Solutions we pride ourselves
on maintaining long-standing customer relationships that are built
on technical acumen, two-way communication, and mutual trust.
With over 100 employees and office locations in Winston-Salem,
Raleigh, Atlanta, and São Paulo, Brazil, Avid Solutions has provided
industrial automation and information solutions across the U.S. and
globally for almost 30 years.
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APPENDIX A –
EXAMPLES OF ROI
CALCULATIONS
Return on investment (ROI) is a measure of the benefit an investor
receives from the investment of a resource. A high ROI indicates that
the benefit gained from the investment compares favorably to its cost.
ROI can be calculated using the basic formula below. This method
stipulates the percentage gain or loss from an investment over any
period of time. In the example below, if you bought an investment
for $50 and it is now worth $75, your return on investment is 50%.
That is:

This ROI formula works for any duration and is simply a depiction
of the change in investment percentage from one point in time to
another. This is not very comprehensive given that the time value of
money is always a factor when analyzing investments. For example,
the 50% ROI above suggests it is an attractive investment, however
if it took 80 years to achieve that amount, it would be a very poor
investment.
In this Appendix, we describe three additional ROI calculations that
address the time value of money. These may or may not be how
your corporation compares competing capital investments across
the organization. That’s why it’s imperative for your finance and
accounting teams to stipulate an acceptable ROI calculation that
the entire company can use and that you can incorporate into your
analysis and funding request. Still, the measurements below will
give you a good indication of whether an investment is attractive.
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Monthly/Annual Payback Period
Payback period is the simplest analysis used to evaluate an investment.
Basically, it’s a measure of the time it takes to recoup your entire initial
investment with the returns gained from that investment. For example,
if a $100,000 investment pays out $20,000 per year ever year, the
payback period will be five years. Although simple, this is a good
starting point for conceptualizing the return on potential projects.
Given the competing cost of capital investment in other ventures, major
industrial corporations typically prefer payback periods that range
from 2-4 years. However, factors such as long-term market positioning
may extend that guideline. Here again, the finance organization in the
company should establish payback period guidelines for engineering
to use when putting together projects for justification.

Internal Rate of Return
The internal rate of return (IRR) formula solves the time value
of money problem by calculating the percentage return on an
annualized basis regardless of the actual investment period. IRR is
used in capital budgeting to evaluate the profitability of potential
investments. It is a discount rate that makes the net present value
(NPV) of all cash flows from a particular project equal to zero.
IRR calculations rely on the same formula as NPV:

where:
Ct = net cash inflow during the period t
Co= total initial investment costs
r = discount rate, and
t = number of time periods
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To calculate IRR using this formula, you would set NPV equal to
zero and solve for the discount rate r, which, in this case, equals
the IRR. Because of the nature of the formula, however, IRR cannot
be calculated analytically and must instead be calculated either
through trial-and-error or using software such as Microsoft Excel.
In Excel you use the =IRR function for a series of cash flows. The
example below reflects a $100,000 investment and cash flow
returns ranging from $20,000 to $40,000 realized in years two
through six. The inputs into cell C2 are simply =IRR(B2:B7) and the
yield is an IRR of 17%.

Year

1
2
-100000 20000
IRR
17%

3
30000

4
40000

5
40000

6
30000

Once you know the IRR value, you can compare it with competing
investments to determine which is the most favorable for the
company. The higher IRR the better.

Net Present Value
The formula for net present value (NPV) is given above. This
calculation is used with an acceptable discount rate or interest
rate that is established by the corporation. The discount rate is
effectively the cost of capital within the corporation. Basically, the
guideline is that the company must be able to achieve this rate of
return easily with competing investments for capital dollars.
Let’s say the discount rate of return is 12% and we plug that into the
formula with hypothetical investment costs and future positive cash
flows to calculate an NPV of $200,000. The analysis provides a
result that equals the value of the investment in today’s dollars. So
if we analyze multiple competing projects, the one with the highest
NPV can be considered most attractive. NPV can also generate a
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negative number, which indicates the investment is returning less
than the cost of capital, resulting in a net loss to the organization.
Sound complicated? It’s not really, as MS Excel rescues us with
this formula also. Let’s go back to our sample project. Again,
the example reflects a $100,000 investment and cash flow
returns ranging from $20,000 to $40,000 realized in years two
through six. However, in this case we’re establishing a discount
rate of 12% as our cost of capital. The inputs into cell C2 are
=NPV(B1,B2,B3,B4,B5,B6,B7) and the yield is an NPV of $11,328.30.
That’s the value the project exceeds relative to investing at the
established discount rate.

Year
1
2
12.00%
-100000 20000
NPV $11,328.30

3
30000

4
40000

5
40000

6
30000

Summary
The above methods provide the basics for evaluating capital
projects and generating project justifications. The key is to spend
considerable time determining all your investment costs and all
your potential returns. Determining accurate cash flows is the hard
part of the exercise. Applying the formulas above is straightforward
and allows organizations to make good investment decisions. But
if your cost and return estimates are not accurate, you’ll have a
garbage-in/garbage-out situation.
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APPENDIX B –
CASE STUDY: CHEMICAL COMPANY TANK
FARM PROJECT
The premise of this project was to examine the

required to build the new tank farm. The plant

benefits of providing an automated tank farm

generated estimates for the operational impact

solution for a process train that was currently

in terms of material and labor cost savings. The

being filled manually using level and load

estimating phase of the ROI analysis required

cell technology. This was a slow process that

significant effort.

employed significant safety procedures due to the
toxicity of the compounds being handled. It was
also susceptible to frequent operator error.

The tables below provide an example of the line
items considered and the level of detail used
in this analysis. For confidentiality reasons, we

The customer initiated the evaluation of the

haven’t shown the actual numbers used, but the

project, but hired Avid Solutions to conduct the

overall payback period was estimated by the

study and develop a reasonable ROI analysis

project team to be 15.7 months and the simple ROI

for the investment. Avid Solutions generated all

was calculated to be 283% over five years. This

the costs for automation hardware, software, and

project is currently underway.

implementation services. Multiple contractors also
generated costs for installation and the materials

The categories for the investment line items are
as follows:

Installation Costs

Production Costs

Description:

Amount:

Description:

Storage Tank Cost

$

Number of Downtime Days for Install days

ISO Tank Cost

$

& Startup

Concrete Base Cost

$

Downtime Costs for Install & Startup

Pumps

$

Operations Cost (i.e., paycheck while $

Automation Cost (infrastructure

$

not producing)

included for existing tank farms)

Utilities (i.e., renting generators, etc.)

Amount:

$

$

Electrical Cost

$

Missed/Cancelled Orders, Costs with $

Instrumentation Cost

$

Producing in Other Areas/Plants

Piping Cost

$

Increase in Operations Cost Due to

Scrubber or Unloading Pump Cost

$

New Technology

Building Renovations and Furniture

$

Sub-Total:

New Break Room

$

Sub-Total:

$

$
$

Copyright © 2016 Avid Solutions, Inc. | 23

The categories for the returns gained from the

Delta in Raw Material Cost
Description:

Amount:

Original Cost Dollar per Pound

$

Butylamine
lbs per batch

lbs.

batches per year

batches

original cost per year

$

Original Cost Dollar per Pound BSC

$

lbs per batch

lbs.

batches per year

batches

original cost per year

$

Sub-Total:

$

New Cost Dollar per Pound

$

Butylamine
lbs per batch

lbs.

batches per year

batches

new cost per year

$

New Cost Dollar per Pound BSC

$

lbs per batch

lbs.

batches per year

batches

new cost per year

$

Sub-Total:

$

Raw Material Cost Delta Sub-Total:

$

project are as follows:
Production Returns
Description:

Percent:

Expected Reduction in Cycle Time

%

Expected Increase in Throughput

%

Expected Reduction in Material

%

Handling (see equation)
Expected Reduction in Down Time

%

Expected Reduction in Lost Orders

%

Other Factors
Safety

$

PPE Savings

$

Utility Savings (heated storage room,

$

forklift power, cleaning totes/drums)
Estimated Savings in Warehouse

$

Costs (see equation)
Totes Maintenance Savings

$

Sell Totes

$

Forklift/Equipment Wear Savings

$

Environmental Effect (discharge while $
cleaning,
spilled chemicals)

Totals
Description:

Amount:

Installation Costs

$

Production Costs

$

Delta in Raw Material Cost

$

Sub-Total:

$

Contingency

%

Total:

$

Expected Increase in Revenue

$

Reduction in Cycle Time
# Production Days per Year

days

Estimated Reduction in Cycle Time

%

# Days Reduced

days

Cost of Production per Day

$

Expected Savings

$
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Increase Throughput

Reduction in Lost Orders

# Batches per Year

batches

# Orders per Year

orders

Expected Increase in Throughput

%

Expected % Increase in Orders

%

Number of Increased Batches

batches

Increase in orders

orders

Revenue per Batch

$

Revenue per Order

$

Expected Increase in Revenue

$

Expected Increase in Revenue

$

Reduction in Material Handling

Production Returns

Handling Time in Hours

hours

Description:

Dollars:

Expected Reduction

%

Expected Reduction in Cycle Time:

$

Number of Hours Saved per Batch

hours

Expected Increase in Throughput

$

Batches per Year

batches

Reduction in Material Handling

$

Total Time Saved per Year in Hours

hours

Reduction in Downtime

$

Operator Salary per Year

$

Reduction in Lost Orders

$

Expected Savings

$

Other Factors

$

Total:

$

Reduction in Down Time
# Days Downtime per Year

days

Expected Reduction

%

Number of Days Saved

days

Cost of Downtime per Day

$

Expected Savings

$
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APPENDIX C –
FINANCIAL JUSTIFICATION
CHECKLIST
This checklist highlights the key elements of a thorough ROI
analysis for DCS, PLC, and MES upgrades. Use it when preparing
the financial justification for your capital improvement proposal. (For
examples and more information, refer to the corresponding sections
in the body of the white paper.)

Greater Production Throughput
1. Streamlined Batch Processing
Identify the overall increase in production throughput that could
be attributed to decreased batch cycle time as a result of the new
system. Calculate the dollar value of these production increases.

2. Reduced Bottlenecks
Determine the cost of existing bottlenecks and the dollar amount
gained by eliminating them.

Improved Product Quality
1. Increased Purity and Tighter Tolerances
Define the product quality improvements your upgrade will enable
and then determine the market price of the higher quality product.

2. Repeatable Accuracy
Define any repeatable improvements in the production process and
calculate the value of time or materials saved as a result.

3. Consistent Quality
Calculate higher returns and any other tangible benefits of
consistent product quality.
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Increased Availability/Uptime
1. Reduced Security Risk
•

Identify the maintenance cost reduction associated with the new
system, including reduced OEM support costs.

•

Identify the cost of downtime due to the difficulty of keeping
legacy systems running.

2. Greater Availability of Spare Parts
Identify the cost savings associated with reduced costs and greater
availability of spare parts needed for new automation systems.

3. Redundancy for Critical Systems
Estimate the dollar value of reduced downtime that can be
attributed to new redundant systems.

4. Virtualization
Identify the cost savings associated with implementing a virtual
system. Calculate hardware, software, maintenance, and energy
cost savings.

Reduced Energy Costs
1. Optimal SOPs
Calculate the dollar value of any savings related to implementing
optimal standard operating procedures.

2. Centralized Monitoring
Identify the dollar value of system-wide savings made possible by
centralized monitoring and conservation.

3. Increased Energy Generation
Calculate the value of effectively using automation to recapture
energy streams.
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Reduced Operating Costs
1. Improved Situational Awareness
Calculate the dollar value of improved situational awareness in
terms of how it minimizes downtime and increases plant throughput.
(Safety is an important consideration, but is difficult to quantify.)

2. Knowledge Retention
•

Calculate the value of standardizing on an optimal batch
run based on company-wide historical data rather than
using customized runs based on the experience of individual
employees.

•

Estimate the cost savings associated with hiring young technical
employees from a large applicant pool as compared to retaining
the few older employees with knowledge of legacy systems.

3. Increased Batch Consistency
Determine the cost savings related to reducing production errors by
using automated systems.

4. Centralized Control
Calculate the cost savings related to installing a centralized system
that requires fewer control operators and allows greater flexibility in
assigning staff to different tasks.

Reduced Raw Material Costs
1. Efficient Material Usage
Estimate the value of being able to analyze raw material
consumption and implement more efficient raw material usage and
handling procedures.
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