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Abstract

American Process Int. has conducted process integration studies using Pinch analysis for
the pulp and paper industry for over 30 years. Approximately 500 applications of Pinch
analysis at more than 300 mills demonstrate average practical steam savings of
approximately 100 MMBtu/h, with an average simple payback period of about two years.
These energy savings correspond to an average reduction of roughly 58,000 metric tons of
CO, emissions per year, normalized to natural gas displacement.

In today’s context of strong pressure to reduce operating costs, volatile energy prices, and
increased focus on carbon footprint reduction, such savings are more important than ever.
Process integration and Pinch analysis are powerful methodologies for achieving significant
energy and carbon reductions, whether driven by operational cost optimization, compliance
with climate regulations, or the integration of new processes such as biorefineries and CO,
capture systems. This paper presents results from selected case studies and demonstrates
the effectiveness of the methodology in delivering practical and measurable benefits.

Extended Abstract

The pulp and paper industry faces increasing pressure to reduce energy consumption and
greenhouse gas emissions while maintaining competitive production costs and reliable mill
operation. Volatile energy prices, tightening climate regulations, and corporate
decarbonization commitments have made steam efficiency and CO, reduction strategic
priorities for mills worldwide. This presentationillustrates how Process Integration and Pinch
Analysis provide a rigorous, mill-specific framework for identifying, prioritizing, and
implementing practical energy and carbon reduction opportunities across pulp and paper
manufacturing sites, supported by results from approximately 500 Pinch studies
demonstrating average steam savings of 17% with typical project payback periods of less
than two years.

Multiple technical pathways are available to reduce steam consumption and carbon
footprint. Identifying the optimal set of projects—and the most effective combination of



these measures—to balance steam savings, capitalinvestment, and operational robustness
is inherently complex and requires systematic optimization tools. Pinch Analysis is a well-
established methodology that provides a structured, thermodynamically sound approach to
identify and prioritize the most appropriate solutions for a specific mill, based on both
technical feasibility and economic performance. At the same time, Pinch Analysis can be
applied relatively quickly without the need for complex mathematical optimization
techniques.

Rather than benchmarking mills against industry averages and best available technology
values, or relying on generic energy checklists, Pinch Analysis establishes unique,
site-specific targets, defining the theoretical minimum steam demand and the maximum
feasible and practical heat recovery for each individual mill. By treating the mill as an
integrated system rather than a collection of isolated units, the methodology ensures that
interactions between fiber, water, chemical, and energy systems across the facility are fully
captured and optimized. This holistic, mill-wide perspective prevents missed opportunities
and avoids sub-optimal local solutions that can inadvertently increase overall energy use.

The key concepts and steps of Pinch Technology can be summarized as follows:

e The hot and cold process streams are identified and quantified. (Hot streams are
those that must be cooled or are available to be cooled while cold streams are those
that must be heated).

e These streams are plotted on a temperature—enthalpy diagram to form the hot and
cold composite curves.

e The composite curves visualize the mill as a heat exchanger, clearly revealing heat
surpluses and deficits across the temperature range.

e The Pinch temperature is identified, defining the boundary between regions of heat
surplus and heat deficit in the process.

e Three fundamental rules guide project development: above the pinch, valuable heat
should not be rejected; below the pinch, steam heating should be avoided; and heat
should never be transferred across the pinch.

e Applying these principles enables the formulation of projects that minimize the
overall steam demand.

Overall, the Pinch methodology provides a structured and rigorous framework for defining
mill-specific targets as well as identifying the most effective heat-recovery opportunities for
a specific mill.



Figure 1: Pinch Composite Curves
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The successful application of Pinch Technology, however, requires more than a thorough
understanding of its underlying concepts. Practical experience in applying the methodology
is essential, as is a deep understanding of pulp and paper process technology and mill
operations. Furthermore, a Pinch study will only yield meaningful and actionable results if
the relevant economic drivers are properly understood and accurately quantified. This
includes a clear understanding of the origin of steam over a representative one- to two-year
operating period, as well as accurate calculation of the cost and carbon footprint of steam,
taking into account not only the fuel source but also its pathway through the steam and
power system. Such analysis ensures that the monetary savings and carbon emission
reductions associated with the identified projects are correctly assessed.

Results from more than 500 Pinch and Process Integration studies conducted over three
decades by API Int. LLC confirm Process Integration as a proven, high-impact tool for
achieving deep, cost-effective decarbonization in the pulp and paper industry. Average
steam savings of approximately 17%, and fossil CO, reduction of 46%, with typical project
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payback periods of less than two years have been achieved. The studies very often also
identified significant water savings.

Table 1: Results from 500 API studies over 30 years

Average % of Average Fossil Fossil Project

steam steam specific CO2 CO2 payback

savings saved steam emissions emissions

savings reduction reduction
Engineering MMBtu/h % of MMBtu/BD | Metric % of total | years
Units total short ton tons per
year

Average of 104 17% 3.35 58,000* 46% <2

all studies

*CO2 emissions normalized based on average steam savings, 80% Natural Gas boiler
efficiency and COZ2e factor of Natural Gas 0.05338 MT/MMBtu

Additional essential tools for successful Pinch studies

Pinch studies, as well as any energy study, must be based on reliable data. In pulp and paper
mills, it is often challenging to readily obtain all the data required for performing a
comprehensive energy optimization study. For this reason, mill-wide simulation modeling is
an extremely useful tool. Robust models support Pinch studies by reconciling incomplete or
inconsistent mill data, identifying measurement errors, establishing a representative
baseline of normal operating conditions, and assessing the site-wide impacts of proposed
projects. Simulation models are also valuable tools for evaluating and comparing different
operating scenarios as well as assessing future structural changes.

Finally, it should be recognized that significant energy savings can often be achieved through
operational modifications. Capital Light Improvement using Pinch (CLIP) is a structured
add-on methodology focused on reducing or eliminating unnecessary cold streams through
operational improvements before investing in new heat-recovery equipment. By combining
Pinch concepts with benchmarking, industry best practices, and active engagement with
mill personnel, CLIP frequently delivers meaningful energy and cost savings with minimal
capital expenditure and very short payback periods. Incorporation of this methodology into
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a Pinch study not only increases the overall impact on energy consumption and carbon
footprint at low cost but also reduces the capital investment required for heat-recovery
equipment.

Conclusion

Process Integration and Pinch Analysis provide a proven, site-specific framework for
achieving significant steam and carbon footprint reductions in the pulp and paper industry.
When supported by mill-wide simulation modeling, and deep pulp and paper process and
operational experience, together with capital-light operational improvements (CLIP), the
methodology delivers practical, cost-effective, and operationally robust decarbonization
solutions, as demonstrated by the average steam savings of 17% achieved in approximately
500 Pinch applications in pulp and paper mills.



