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Abstract
Process integration techniques are now widely used for plant optimization – both the
optimization of new designs and improvements in existing facilities. However, simply
having access to process integration tools does not ensure success. Projects have to be
structured and managed correctly in order to generate technically appropriate and
economically attractive solutions. Furthermore, results from process integration work
must be developed in a timely manner if they are to be incorporated in either new
facilities or revamps of existing plants.
In this paper the author draws on twenty years of experience in process integration to
identify key factors that lead to successful process integration projects. Examples are
taken from projects with a number of different companies, primarily process integration
studies aimed at improving energy efficiency. The central observation is that, while
technical excellence is a necessary requirement for successful projects, it is not sufficient.
Organization and human interactions provide the other dimensions that complete the
picture. This principle transcends process integration projects. Indeed, it is universal in its
applications.
Introduction
Most of my professional work has involved process improvement consulting – as an
“internal consultant” in a large company, as a member of two different consulting
organizations, and more recently as an independent consultant. I have watched the
development of the various branches of process integration (PI), and I have had the
privilege of contributing to some of that development myself. Ideas have emerged,
applications have multiplied, and software has become increasingly versatile, making the
technology more accessible to the engineering community as a whole.
However, the technical advances in themselves do not automatically translate into the
design of better process plants. There are complex human processes that must also occur,
and it is primarily these human processes that I want to address in this paper. I have
drawn on observations and examples both from my own experience and from the
experience of others in the field, and I believe they illustrate some universal principles. I
hope that these will help many who are involved in process integration and in other
technical specialties – as practitioners, as managers, and as users of services – to make
better use of the technology and hence produce better results for everyone.
Background: Applications of Pinch Methods
The best know branch of process integration is pinch technology. Pinch methods are used
primarily in the energy efficiency area. In this section we look briefly at the motivation
for energy optimization and the technical basis for the pinch approach. We also review
the types of projects that are typically carried out using this technique.
Process Integration, Energy Efficiency and Reducing Emissions
Energy efficiency continues to be a major issue in process design and operation. In oil
refining, for example, energy is generally the largest variable cost after that of the crude
oil. Moreover, quite apart from the cost of energy, there is a significant environmental
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dimension to consider. This includes liquid effluents (e.g. blowdowns from boilers and
cooling towers) and solid residues (e.g. ash and soot). However, the main issue in most
cases is gaseous emissions, as most industrial energy use involves the combustion of
fossil fuels that create greenhouse gases. Industry has been placed under pressure to
reduce these emissions by proposed global agreements such as the Kyoto Accord(1) of
1997, which calls on nations to reduce their overall emissions of greenhouse gases to at
least 5 per cent below 1990 levels in the commitment period 2008 to 2012. Regulations at
the national, state and local levels also require industry to reduce emissions. The required
reductions in emissions are often extremely expensive to accomplish, and many
companies are turning to PI techniques to help them find the most cost-effective
solutions(2).
Process Integration and Pinch Analysis
Process integration includes a number of techniques that allow engineers to evaluate
entire processes or sites, rather than focusing on individual unit operations. This includes
hierarchical design methods, knowledge-based systems, numerical and graphical
techniques and pinch analysis(2,3). However, in the area of energy efficiency, which is the
primary focus of this paper, pinch methods are dominant. Indeed, the terms “pinch
analysis” and “process integration (PI)” are often used interchangeably in this field.
Pinch analysis(4) is a systematic technique for analyzing heat flows through an industrial
process, based on fundamental thermodynamics. The key concepts are illustrated in the
hot and cold composite curves (Figure 1), which represent the overall heat release and
heat demand profiles of a process as a function of temperature.
The “hot composite curve” represents the sum of all the heat sources within the process,
in terms of heat load and temperature level. The “cold composite curve” similarly
represents the sum of all the heat sinks within the process. When the curves are shown
together on a single temperature-enthalpy plot (as in Figure 1) most processes display a
pinch - a region where the curves approach to the minimum allowable temperature
approach, ∆Tmin. This divides the process into two distinct regions:
•

Above the pinch some heat integration is possible (where the hot composite curve
sits above the cold composite curve), but there is a net heat deficit and we require
external utility heat sources (Qh).

•

Below the pinch some heat integration is possible (where the hot composite curve
sits above the cold composite curve), but there is a net heat surplus and we require
external utility heat sinks (Qc).
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Figure 1: Typical Hot and Cold Composite Curves

The distinction between net source and net sink regions is a key characteristic of the
pinch approach, and it forms the starting point for process optimization using the pinch
method.
Composite curves provide the first and most widely recognized set of pinch tools. Other
tools include heat exchanger grid diagrams, grand composite curves, site source/sink
profiles, and column profiles. These are all used to determine the scope for energy
savings in industrial operations and to define possible process changes to reduce intrinsic
energy consumption. The trade-off between energy consumption and capital investment
can also be assessed, as well as the pressure drop implications of heat recovery,
distillation column optimization, total site analysis, and other aspects of energy
optimization(5). There are also applications in the area of water and wastewater
minimization(6), as well as hydrogen management and other mass transfer applications.
Project Types
Pinch projects can be broadly classified into two groups – new plant designs, and
revamps of existing facilities:
New plant designs
Pinch analysis is now an accepted tool to analyze and improve the energy efficiency of
new process designs and licensors’ designs(7). Pinch techniques are used during the
design of new plants to identify opportunities for heat integration and distillation
improvements (with associated reductions in operating costs) that are not easily found by
conventional engineering methods. The techniques are also used to explore design tradeoffs, and this often leads to a reduction in capital cost. Another use of pinch methods in
new designs is to optimize utility systems (e.g. to select the most appropriate steam
pressure levels and refrigeration levels). Pinch techniques can be applied to the design for
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a single process that is to be added to existing facilities (e.g. a new unit in a chemicals
complex) as well as entire greenfield complexes (e.g. a new refinery or a new oil sands
extraction plant).
Revamps of existing facilities
Pinch analysis also has many applications in brownfield facilities. It is commonly used to
identify opportunities for improving heat integration and to optimize the use of existing
utility systems. The scope of such projects can be limited to a single operating unit, or it
can cover a complete site(8) or even an entire company.
Pinch methods can also be used to achieve additional objectives, such as debottlenecking,
emission reduction or yield improvements(9). Typically the pinch approach yields
opportunities that are far more cost-effective than those identified by “conventional”
methods. For example, consider the situation where a furnace limits the capacity of a
plant that is to be debottlenecked. It is generally a much cheaper, energy efficient and
environmentally acceptable option to use pinch methods to improve heat integration than
to upgrade the existing furnace or add a new one(10).
In some cases, pinch work has been incorporated into more comprehensive energy
optimization programs. ExxonMobil, for example, is in the midst of its “Global Energy
Management System” rollout(11). This involves multi-disciplinary teams visiting each of
the company’s major facilities, to work with local personnel and identify opportunities
for efficiency improvements. Process integration forms a significant part of the scope of
work.
Most revamps are more constrained than new plant designs, as equipment and piping are
already in place. Occasionally we can justify major infrastructure changes (e.g. adding a
new steam header or hot oil belt) to achieve energy savings, but this is the exception
rather than the rule. In most cases we are faced with an interesting challenge: How can
we maximize savings within the limitations of existing systems and equipment? The
result is often an innovative re-alignment of a heat exchanger shell, or some other
creative process change that can sometimes result in large savings. In some cases the
savings can even be achieved with no capital investment(12).
Some pinch projects include elements of both new design and revamp work. For
example, Syncrude Canada used pinch analysis in the engineering of its UE-1 expansion
program(13). This involved adding several new units to their Fort McMurray oil sands
facility, as well as revamping several of the existing units.
Organizing for Success
How can we best structure a process integration effort? There is probably no single
answer to this question. However, experience in many projects over the past twenty years
has provided some useful insights. Perhaps the key learning is this: Technical excellence
is a necessary but not a sufficient criterion for successful projects. Organization and
human interactions provide the other dimensions that complete the picture(14). This
principle transcends process integration projects. It is universal in its applications.
In the paragraphs that follow I have set out seven elements that represent aspects of this
principle. The list is not exhaustive, but I hope it will at least provide food for thought,
and help us all towards better ways of working and more successful projects.
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1. Set Realistic Goals
On more than one occasion I have been involved in projects where the expectations of the
sponsors were totally unrealistic. In part, perhaps, that was due to overly zealous selling
before the project started. This reflects a constant dilemma in the consulting community:
Salespeople fear that if they don’t promise the moon they won’t make the sale, whereas
technical people are inherently more conservative, and generally commit only to what
they know they can deliver – which is usually less than the true potential.
Process integration work – indeed most technical services – produce deliverables whose
value is unknown until the services have been completed. Previous projects provide a
basis for believing that benefits can be achieved, and can provide reasonable estimates of
the magnitude of those benefits. However, there can be no guarantees. PI is about process
improvements, and the scope for improvement depends on the current condition of the
process and the infrastructure in which it resides. A good practitioner will search
diligently for illusive improvement opportunities; but it is essential that we enter this type
of project with the understanding that the opportunities may be either smaller or greater
than we initially expected.
We need to enter PI projects with cautious optimism. It is perfectly acceptable to have
quantitative goals for the outcome of the work – indeed, this is usually necessary in order
to justify the expense of carrying out it out. It is also not only acceptable but also
desirable for managers and sponsors to communicate their expectations to the other
members of the team. However, it must be understood that the initial goals may not be
economically or technically achievable, and one possible outcome of the work is a
reasoned explanation of why this is so. PI work is thus part of due diligence, helping
engineers and managers to establish how much – or how little – scope there is for
improvement. Understanding this fact ahead of a study can avoid unfair recriminations
later.
2. Get the Right Timing
The timing of a pinch study is important. In the case of new plant designs, the initial
pinch work should be conducted as early as possible consistent with availability of basic
process data. This is generally during the conceptual design phase of a project(15). If it is
carried out too early there will be insufficient data to carry out a meaningful analysis. On
the other hand, if it is carried out too late there may be no way to incorporate the
opportunities that are identified without adversely impacting the overall project schedule
and budget(16).
Morgan(17) points out that if we incorporate PI appropriately into the design process we
can sometimes reduce the overall construction schedule. The conventional design
approach requires that we fully specify individual process designs before specifying
utility systems (boilers, steam turbines, furnaces, etc.). The utility equipment is therefore
typically among the last to be ordered for a project, and depending on complexity it can
have long delivery times. Moreover, the utility equipment has to be installed and
commissioned ahead of the process units. This can cause significant amounts of slack
time in the schedule. The PI approach, however, allows us to design and optimize utility
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systems in parallel with the process units. This allows early ordering and delivery of the
utility equipment, which can shorten the schedule.
In most revamp projects, timing is governed by turnaround schedules. As in the case of
new plant projects, it is best to start the pinch work as early as possible consistent with
availability of basic process data. The timing of the pinch work commonly overlaps with
other engineering activities, so there is usually little impact on the overall project
schedule.
In large-scale (site-wide or company-wide) energy efficiency surveys, numerous units
with different turnaround schedules are studied at the same time, and it is not generally
possible or necessary to tie the study schedule to any individual process turnaround.
Rather, the timing of the process integration work tends to be tied to corporate programs
and to the logistics of forming and mobilizing study teams. After the initial process
integration work is complete the opportunities that have been identified for energy
efficiency improvements are then prioritized, and the timing of more detailed engineering
work is set based on turnaround schedules.
3. Get the Right Team
Process integration is built on a foundation of thermodynamics. All engineering designs
must submit to thermodynamic principles, but they must also yield to other natural laws,
economic laws and human laws. It follows that process integration should never be used
in isolation, and PI specialists must interact closely with personnel of other disciplines.
On a day-to-day basis, this typically works as follows:
•

In new plant projects the process integration specialist should be a member of the
overall project team, responding to the process manager and exchanging data and
ideas on a regular basis with other team members as the project proceeds. It is
important that all team members should have at least a general idea of the PI
specialist’s goals and needs, in order to make these interactions productive. PI
specialists often run short seminars for their project teams to provide this overview.

•

Where the work relates to improving operations in existing facilities the primary
day-to-day working interactions are generally between the process integration
specialist and technical staff and operations personnel. Often, especially in projects
involving pinch studies of multiple units on an operating site, a single individual
(usually a senior engineer familiar with the overall site) will be assigned as the Site
PI Initiative Leader. His or her role is to manage information flow and to guide the
PI specialist around the human and technical resources of the facility. More junior
engineers are generally responsible for data acquisition and technical follow-ups.
This can be quite time-consuming, especially in large projects; so ideally these
personnel should be relieved of some or all of their regular duties for the duration of
the PI initiative. As in new plant projects, the individuals interacting closely with
the PI specialist should have at least a general idea of the PI specialist’s goals and
needs.

There is also a broader framework into which any PI activity must fit. This involves
alignment with corporate and project or site objectives and management structures. This
is illustrated in Figure 2 (new design projects) and Figure 3 (existing site studies).
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Figure 2: Typical Structure for New Plant PI Work

Maintaining a positive interaction among team members throughout a project or study is
essential. There are many benefits that flow from this. Here are two that seem particularly
important to me, in the context of PI studies:
•

Process integration specialists do not have a monopoly on good ideas. As skilled
people exchange views and challenge assumptions they often identify opportunities
that are as valuable as those that come from the formal use of process integration
techniques.

•

The process integration specialist is not usually the person who will implement the
ideas that come out of process integration work. Through dialog, ownership of the
results of a study is transferred to the operations personnel or project
implementation team that will ultimately have this responsibility.
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Figure 3: Typical Structure for a Site PI Initiative

4. Get the Right Specialist
The team defines the environment in which PI work is carried out. The selection of the
PI specialist or specialists within that team is the most critical decision in determining the
quality and usability of the final product.
PI personnel are generally drawn from one of three different types of organization:
Operating companies. Some of the larger operating companies maintain an in-house
process integration capability. In most cases this is limited to a few specialists in a central
engineering department, although of course many other engineers in these organizations
have a general understanding of process integration techniques. These companies often
augment their own PI personnel with specialists from other organizations (contractors
and consultants) to carry out large process integration projects.
Engineering contractors. Ten years ago Morgan(18) described a scenario where all
process engineers in a contracting organization are trained in process integration tools.
He envisaged that only a few process integration specialists would be required in the
organization, “…to train new engineers, consult on particularly difficult problems, and
develop and implement new PI technology.” Today few, if any, of the major engineering
contractors have achieved the wide use of the technology that Morgan anticipated –
despite an increase in the number of college courses in process integration and
improvements in software tools that make the technology more user-friendly and
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accessible. However, several engineering companies do maintain a capability in process
integration, although application to projects is not necessarily standard practice(19).
Consultants. Consulting organizations work with both the operating companies and the
engineering companies to complement in-house resources. Some of the process
integration consulting organizations are divisions of larger companies that either consult
in a variety of other areas as well, or provide software and process services. Others are
small, independent businesses, often with only one or two consultants who typically
specialize in particular industries; and some consultants are academics who consult on a
part-time basis.
PinchTechnology.com(20), a website devoted to this technology and its implementation,
provides some useful advice for companies considering the use of consultants. Among
the points they make are the following:
•

The experience of the individual specialist is more important than the reputation
of the organization he or she represents.

•

Look for a specialist with experience in your own type of plant.

•

Expect a consultant to put you in contact with satisfied past customers.

•

Verify that previous studies have resulted in practical projects that have been
implemented.

To that list I would add one other point: Seek out a specialist who is a team player, who
will work well in the context of your systems and will interact constructively with your
other engineers and specialists.
5. Get the Right Tools
The most important tools specific to pinch analysis are software programs, and there are
many of them available. These range from very powerful, multifunctional packages to
shareware programs, and if you want to “do it yourself” there is always the option of
writing a spreadsheet.
Compared to the software that was available ten years ago, the most important change in
the major commercial programs is user-friendliness. For example, we now have the
capability to enter stream data and heat exchanger network data simultaneously – a great
time saving over the tedious line-by-line stream data entry of previous generations of
software. If your data is in simulation form, you can also transfer it automatically from
the simulator to the pinch package in many cases. Another significant timesaving feature
is the fact that the major packages are Windows-compatible, which greatly simplifies
data transfer for report writing.
Some of the products also include specialized pinch options such as column targets,
exergy analysis and total site analysis. However, my personal experience is that the
specialized pinch modules have only a limited number of applications, and it seems
pointless to spend extra for the features unless you need them.
To me, it would seem that the key is “fit for purpose.” There are software tools available
at moderate prices that provide the most commonly needed pinch functions in a very
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user-friendly environment. For most projects, these are the best choice. Only where more
complex projects are envisaged should we consider packages with additional specialized
features. At the other extreme, it is rarely cost-effective to write a program or develop a
spreadsheet for an individual pinch project. It may appear on the surface that this
eliminates the cost purchasing software. However, the time spent writing code, and the
inefficiencies in data handling and reporting, far outweigh the modest cost of the
available commercial packages.
6. Get the Right Data
Data acquisition is a crucial part of any PI project. Generally this poses less of a problem
when the PI work is conducted as part of a new plant design. In this case there are
invariably simulations available by the time the pinch work starts, and most of the
required data can be extracted from these. When the PI work is part of revamp project
aimed at debottlenecking, yield improvement or feed slate changes this is also generally
true.
However, when the pinch work is conducted on a stand-alone basis to identify energy
efficiency options current simulations are not always available. Ideally the simulations
should be developed, so that we can base our work on data that is both accurate and
consistent; but in many cases there is neither the time nor the budget for this. In these
circumstances the normal strategy is to obtain plant data reflecting current operations.
This information is compared with design data to provide a reasonable representation of
actual plant performance.
How good must the data be to be useful? Of course, the more accurate the information is,
the better. However, in PI work consistency is the most important issue. Given a
reasonably well-balanced heat and material balance – even if the balance does not
correspond exactly to current operating conditions – we can usually apply PI methods
successfully. From this analysis we can identify the main thermal inefficiencies in the
process and then define opportunities to correct them. At this point it becomes necessary
to obtain better quality data for the sections of the process that are affected, in order to
verify savings and finalize designs.
7. Communicate, Communicate, Communicate!
For convenience I have listed communication as a separate element in the array of factors
contributing to the success of PI projects. However, in reality it underpins all of the
elements. It is central to goal setting, team interactions and data transmission. It is a key
factor in selecting personnel. It provides the basis for identifying needs and setting
schedules. In short, good communication is essential.
Conclusions
Process integration (PI) techniques, and specifically pinch methods, provide many
insights that can be used to improve process designs and enhance energy efficiency.
However, in order to obtain the greatest benefit from these tools we must consider not
only the technical issues, but also the human and organizational factors involved in
executing successful projects. Key elements of this are establishing realistic goals,
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setting appropriate schedules, assembling teams that incorporate the right expertise and
encourage positive interactions, obtaining the most suitable software tools and collecting
the necessary data. Central to all of this is the need to communicate clearly and efficiently
throughout the process.
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