Process Intensification in Practice: A Comprehensive Report
on the Energy and Economic Advantages of Divided Wall
Column Technology

Executive Summary

Distillation is the cornerstone of the chemical and refining industries, yet it is also one
of the most energy-intensive unit operations. In an era of volatile energy prices and
increasing pressure to decarbonize, optimizing this fundamental process is a strategic
imperative. The Divided Wall Column (DWC) represents a paradigm shift in distillation
technology, offering a proven and robust solution that addresses the core
inefficiencies of conventional designs. This report provides a comprehensive analysis
of DWC technology, intended for an audience of engineering managers, financial
analysts, and sustainability officers who require a detailed understanding of its value
proposition.

The foundational benefit of the DWC is its ability to correct a fundamental
thermodynamic flaw inherent in traditional multi-column distillation sequences, known
as the "remixing effect.” By integrating the function of two or more distillation columns
into a single, partitioned shell, the DWC eliminates this source of inefficiency. The
results are transformative: DWCs consistently deliver energy savings and
corresponding operating cost (OPEX) reductions of up to 40%."

Beyond energy efficiency, the DWC's integrated design yields substantial capital cost
(CAPEX) savings of up to 30% by eliminating redundant equipment such as an entire
column shell, a reboiler, and a condenser.? This consolidation also leads to a
remarkable reduction in plant footprint, with plot space requirements often slashed by
as much as 50%—a critical advantage in both grassroots projects and revamps of
space-constrained facilities.?

Once considered a niche or overly complex technology, the DWC has matured into a
mainstream industrial solution, with hundreds of units in operation globally.” This



maturation has been driven by advancements in process simulation, specialized
column internals, and robust control strategies that have made the design and
operation of DWCs reliable and straightforward. As this report will detail through
quantitative data, industrial case studies, and a thorough examination of engineering
principles, the Divided Wall Column is no longer a fringe concept but a key enabling
technology for creating smaller, cleaner, more efficient, and more profitable chemical
processes.’

The Energy Dilemma of Industrial Distillation

To fully appreciate the significance of the Divided Wall Column, one must first grasp
the colossal scale of energy consumption associated with conventional distillation. It
is the most ubiquitous and critical separation technology in the modern world,
employed in approximately 95% of all liquid separation processes across the chemical
and petrochemical sectors.” This widespread use comes at a staggering energy cost.
Industrial distillation systems are responsible for an estimated 40% to 50% of the total
energy consumed in a typical refinery or chemical plant, making them the single
largest energy user in these facilities.” On a global scale, the energy dedicated to
distillation processes is estimated to be around 3% of the world's total energy
consumption, a figure that underscores the immense impact of this single unit
operation.’

This immense energy footprint creates a powerful dual imperative for innovation.
Economically, energy is often the largest component of a plant's operating costs,
meaning that the high energy demand of distillation directly impacts profitability.®
Environmentally, this energy consumption is inextricably linked to greenhouse gas
emissions, placing distillation at the center of the industry's decarbonization
challenge and the drive to meet ambitious Environmental, Social, and Governance
(ESG) goals.® This confluence of economic and environmental pressures has fueled a
movement known as Process Intensification (PI), which seeks to develop radically new
process and equipment designs that are substantially smaller, cleaner, safer, and more
energy-efficient than their traditional counterparts.* The Divided Wall Column is a
flagship and highly successful example of this philosophy in action.*

The sheer scale of distillation's energy use creates a compounding effect for any
efficiency improvements. A percentage-based saving that might seem modest in



another context becomes a strategic transformation when applied to such a massive
baseline. For instance, if distillation accounts for 40% of a plant's energy budget, a
technology that reduces distillation energy use by 30% effectively cuts the entire
plant's energy consumption and associated costs by a remarkable 12% (0.40 x 0.30).
This is not a minor optimization; it is a fundamental shift in the plant's economic and
environmental profile. It directly attacks the largest operational cost driver while
simultaneously delivering a significant reduction in Scope 1 and Scope 2 emissions,
making technologies like the DWC a powerful lever for achieving high-level corporate
objectives.

The Conventional Method and Its Hidden Inefficiency: The
Remixing Effect

To understand how a DWC saves energy, it is essential to first deconstruct the
standard method it replaces and identify its inherent flaw. For decades, the industry
standard for separating a mixture containing three components with different boiling
points—a light component (A), a middle-boiling component (B), and a heavy
component (C)—has been a sequence of two separate distillation columns.®

In a typical "direct sequence," the process unfolds as follows:

1. Column 1: The feed mixture (A-B-C) is introduced into the first column. Heat is
applied at the bottom (in the reboiler), and cooling is applied at the top (in the
condenser). The primary goal of this column is to separate the most volatile, or
lowest-boiling, component. Pure ‘A’ is drawn off as the top product. The bottom
product is therefore a mixture of the remaining two components, 'B' and 'C".

2. Column 2: The B-C mixture from the bottom of the first column is then fed into a
second, separate distillation column. This column performs another separation,
with the middle-boiling component 'B' being drawn off as the top product and the
heaviest component 'C' leaving as the bottom product.

While this two-column sequence achieves the desired separation, it does so in a
thermodynamically inefficient manner due to a phenomenon known as the remixing
effect.” This effect is the root cause of the excess energy consumption that DWCs are
designed to eliminate.

The core of the problem lies within the first column. As the A-B-C mixture is distilled,



the components begin to separate according to their boiling points. Naturally, the
middle-boiling component 'B' tends to accumulate and reach its highest
concentration in the middle section of the column.™ At this point, it has already been
substantially separated from both the light component ‘A" (which is moving towards
the top) and the heavy component 'C' (which is moving towards the bottom). However,
the conventional column design has no mechanism to take advantage of this partial
separation. Because the sole purpose of the first column is to remove pure 'A' from
the top, this concentrated stream of 'B' is not withdrawn. Instead, it continues its path
down the column, where it is diluted and

remixed with the heavy component 'C' that is accumulating at the bottom."

This remixing represents a significant thermodynamic inefficiency, an increase in
entropy that translates directly to wasted energy.’ The energy that was expended in
the reboiler of the first column to achieve the initial concentration of component 'B' is
effectively thrown away.” The now-remixed B-C stream must then be sent to the
second column, where a large, redundant amount of energy must be supplied to its
reboiler to separate them all over again.” This is akin to sorting a deck of cards into
red and black piles, then shuffling half the red cards back into the black pile, only to
have to sort them out a second time.

This fundamental inefficiency has profound economic consequences that extend
beyond just energy bills. The remixing effect is a "tax" on both operating expenditures
(OPEX) and capital expenditures (CAPEX). The chain of consequences is direct and
unavoidable in the conventional design:

1. The act of remixing necessitates a complete re-separation in the second
column.”

2. This re-separation requires a substantial amount of additional energy, which
manifests as a higher heat duty for the reboilers of the two-column system.” This
directly increases OPEX.

3. A higher heat duty means that a larger volume of vapor must be generated and
sent up the columns to effect the separation. This is known as the vapor flow or
vapor load.”

4. According to fundamental hydraulic principles of column design, a higher vapor
flow requires a larger column diameter to prevent operational problems like
flooding.

5. Larger column diameters, in turn, necessitate larger and more expensive
reboilers, condensers, trays or packing, and foundations. This directly increases
the initial CAPEX.’



Therefore, the thermodynamic flaw of remixing is the direct cause of the economic
inefficiency of the conventional approach, leading to higher long-term energy costs
and greater upfront investment in oversized equipment.

The Flawed Alternative: Conventional Columns with a Side Draw

Beyond the two-column sequence, another conventional approach involves using a
single column with a side draw (or side-cut) to remove the middle-boiling product.
While this appears simpler, it suffers from its own critical thermodynamic
inadequacies, primarily related to product purity and energy consumption.”

The fundamental problem with a conventional side-draw column is direct product
contamination by the feed. In this configuration, the feed enters the column and
mixes with the internal liquid and vapor traffic. The side product, which should ideally
be pure component 'B', is withdrawn from a tray where it has reached its maximum
concentration. However, because the feed is introduced in the same separation zone,
the side product is inevitably contaminated by the other components in the feed.® This
direct mixing makes achieving high purity for the side-draw product extremely
difficult.”®

To counteract this contamination and improve the purity of the side product,
operators must use a significantly higher reflux ratio (i.e., more energy) to "wash" the
unwanted light and heavy components away from the side-draw tray. Even with
increased energy input, there are practical limits to the purity that can be achieved.”

This is precisely where the DWC demonstrates its superiority. The DWC is considered
the ideal alternative for revamping conventional side-cut columns, especially when
high purity is a primary objective.?® The dividing wall physically segregates the feed
introduction zone from the product withdrawal zone.® The feed enters the
"pre-fractionator” side, while the high-purity side product is drawn from the opposite,
uncontaminated "product" side. This design completely prevents the feed from mixing
with and contaminating the side-cut, which is the key to achieving better product
quality with lower energy use.?® Thus, while a conventional side-draw column is a valid
configuration, it cannot match the purity and efficiency of a DWC because it lacks the
fundamental design element—the dividing wall—that eliminates the inherent
inefficiency of feed-product mixing.”



The Divided Wall Column: An Elegant Thermodynamic Solution

The Divided Wall Column (DWC) is a powerful example of process intensification that
provides a direct and elegant solution to the remixing problem. In essence, a DWC is a
single distillation column shell that incorporates a vertical, sealed partition in its
middle section, effectively creating two parallel distillation zones within one piece of
equipment.” This ingenious design is the practical, physical realization of a
thermodynamically ideal arrangement known as the "Petlyuk column,” which was long
known to be the most energy-efficient configuration for ternary separations but was
considered too complex to build with two separate, thermally-linked shells.” The DWC
makes the Petlyuk concept a reality.

The operation of a DWC directly addresses the shortcomings of the conventional
two-column sequence. The process can be understood in a step-by-step manner:

1. The Setup: A standard DWC consists of a single column shell with one reboiler at
the bottom and one condenser at the top. A vertical dividing wall is installed in the
middle section of the column, splitting it into two distinct sides.

2. Feed and Pre-fractionation: The multicomponent feed (A-B-C) is introduced
onto one side of the dividing wall. This side functions as a pre-fractionator.'
Here, a preliminary, rough separation occurs. The lightest component (A)
preferentially moves up towards the top of the column, while the heaviest
component (C) moves down towards the bottom. The middle-boiling component
(B) is distributed between the vapor rising from the top of this section and the
liquid falling from the bottom of this section.™

3. Thermal Coupling and Flow Distribution: The vapor leaving the top of the
pre-fractionator section (a mixture rich in A and B) enters the undivided column
section above the wall. Simultaneously, the liquid leaving the bottom of the
pre-fractionator section (a mixture rich in B and C) enters the undivided column
section below the wall. This two-way exchange of vapor and liquid between what
are effectively two columns integrated into one shell is known as thermal
coupling.®® At the top of the column, condensed liquid (reflux) is split, with a
controlled portion being sent down each side of the wall. At the bottom, vapor
from the reboiler is split and flows up each side of the wall.

4. Final Separation and Product Withdrawal: On the side of the wall opposite the
feed—the product side—the final, high-purity separations take place. In the



upper part of this section, the A-B mixture is separated, allowing pure 'A' to
continue to the top of the column where it is withdrawn as the distillate product.
In the lower part of this section, the B-C mixture is separated, with pure 'C’
continuing to the bottom of the column to be withdrawn as the bottoms product.
Crucially, the middle-boiling component 'B' is concentrated in the middle of this
product side and is withdrawn as a high-purity liquid or vapor side-stream.’

The key to the DWC's profound energy savings lies in this architecture. By physically
isolating the pre-fractionation zone (feed side) from the final product purification
zone (product side), the DWC completely prevents the remixing effect.” The middle
component 'B' is never allowed to mix with the heavy component 'C' after its initial
separation from 'A'. The energy put into the system is used progressively and
efficiently to sharpen the separation of all three components, bringing the real-world
process much closer to the thermodynamic ideal."”

The brilliance of the DWC is not merely that it combines two columns into one; it is
that it fundamentally optimizes the mass and heat transfer paths within the distillation
process. A conventional column forces all components down a single vertical pathway,
which inevitably leads to the wasteful remixing of the middle component. The dividing
wall creates two parallel pathways in the most critical section of the column. This
dual-path system allows the feed to be pre-processed on one side while the final
products are simultaneously purified on the other. This intelligent routing of internal
liquid and vapor flows eliminates the specific point of thermodynamic inefficiency that
plagues the conventional design. The resulting energy savings are therefore not a
consequence of some esoteric property, but a direct result of a smarter and more
efficient process layout enabled by a simple physical barrier.

A Paradigm Shift in Efficiency: Quantifying the DWC Advantage

The theoretical benefits of the Divided Wall Column have been conclusively validated
through decades of industrial implementation and academic study. The technology
delivers a paradigm shift in efficiency, with quantifiable advantages across energy
consumption, capital investment, and overall operational economics.



Energy and Operating Cost (OPEX) Savings

The most celebrated benefit of the DWC is its dramatic reduction in energy
consumption. By eliminating the thermodynamic inefficiency of remixing, DWCs
consistently demonstrate energy savings of up to 40% compared to conventional
two-column sequences, with a typical reported range of 20-40%." Some studies and
applications have reported savings reaching as high as 50%.*' Since energy is the
primary driver of operating costs in distillation, these savings translate directly into a
proportional reduction in OPEX.?

These figures are not merely theoretical. Industrial case studies provide powerful
real-world validation:

ExxonMobil Fawley Refinery: In a landmark revamp project, a conventional
xylene recovery distillation column was retrofitted into a DWC. The project was a
resounding success, achieving energy savings of over 50% under one set of
operating conditions and over 25% in a higher-throughput case, all while
improving the purity of the xylene product. This case demonstrates the DWC's
immense potential for both grassroots designs and upgrading existing assets.”
BASF SE: As a pioneer of the technology, chemical giant BASF operates more
than 50 DWCs across its global facilities.” This extensive and long-term adoption
by a leading chemical manufacturer underscores the technology's maturity,
reliability, and proven economic benefits.

Capital Cost (CAPEX) and Footprint Reduction

The DWC's integrated design delivers equally impressive capital savings. By
performing the work of two columns in a single shell, the DWC configuration
eliminates the need for:

One entire column shell

One reboiler

One condenser

The associated pumps, piping, instrumentation, and structural steel for the
eliminated equipment.’

This consolidation of hardware results in a significant reduction in upfront capital



investment. Numerous studies and industrial reports confirm that DWCs can lower
CAPEX by up to 30-40% compared to conventional designs.?

Furthermore, the smaller equipment count leads to a drastically reduced physical
footprint. Plant plot space can be reduced by up to 50%, a critical advantage in
dense, existing industrial sites where space is at a premium, or for new projects where
land costs are high. This is also a key enabler for offshore platforms and modular plant
designs where compactness is paramount.’

Total Annualized Cost (TAC) and Payback Period

The combined impact of lower OPEX and lower CAPEX results in a compelling
improvement in the overall economic viability of a project, typically measured by the
Total Annualized Cost (TAC). The TAC is a metric that combines annualized capital
costs with annual operating costs to provide a holistic view of a project'’s lifetime
expense. Studies consistently show that DWCs lead to substantial reductions in TAC,
with figures ranging from 23% to over 41%.%°

This superior economic performance leads to highly attractive payback periods for
the investment. In one detailed case study comparing the addition of an LPG recovery
unit using either a conventional sequence or a DWC, the analysis showed a payback
period of just 1.54 years for the DWC versus 2.23 years for the conventional system,
even with the DWC's lower initial capital cost.** This demonstrates that the DWC is not
only cheaper to run but also provides a faster return on investment.

The comprehensive nature of the DWC's advantages can be summarized in a direct
comparison, which provides a clear and compelling business case for its adoption.

Table 5.1: Conventional Two-Column Sequence vs. Divided Wall Column for a
Typical Ternary Separation

Feature Conventional Divided Wall Column DWC Advantage
Sequence (DWC)
(2-Column)
Column Shells 2 1 -1 Unit
Reboilers 2 1 -1 Unit




Condensers 2 1 -1 Unit

Associated Pumps 2 Sets 1 Set ~50% Reduction

& Piping

Plant Footprint Baseline (100%) ~50% Up to 50%
Reduction

Energy Baseline (100%) 60% - 10% 30% - 40% Savings

Consumption

(OPEX)

Capital Cost Baseline (100%) 70% - 80% 20% - 30% Savings

(CAPEX)

Total Annualized Baseline (100%) 60% - 710% 30% - 40% Savings

Cost (TAC)

A Technical Deep Dive for the Process Engineer

For the process engineer, the "why" behind the DWC's efficiency lies in a direct
application of thermodynamic principles to overcome the quantifiable inefficiencies of
conventional designs. This section provides a more rigorous examination of the
governing principles, equations, and a real-world case study to illustrate the DWC's
advantages from an engineering perspective.

Thermodynamic Principles and Governing Equations of Energy Efficiency

The energy savings of a DWC are not arbitrary; they are a direct consequence of
superior thermodynamic efficiency. This can be understood by analyzing exergy loss,
vapor load, and the key design equations used in distillation.

Exergy Loss and the Cost of Remixing



From a second law of thermodynamics perspective, the remixing effect in a
conventional column is a source of significant entropy generation.”® When the
partially separated middle-boiling component is allowed to mix again with the heavy
component, the system's disorder increases. This irreversible process results in

exergy loss, which represents the portion of energy that is no longer available to
perform useful work.* This lost work must be compensated for by supplying
additional energy to the system, primarily in the form of a higher reboiler duty (

QR), to re-achieve the separation in the second column.™

The DWC's design, by physically preventing this remixing, minimizes this specific
source of entropy generation and exergy destruction.” This allows the system to
operate closer to the thermodynamic ideal, directly translating to a lower overall
energy requirement for the same separation task.®

Vapor Load and its Impact on Column Sizing

The energy input to a distillation column, the reboiler duty (QR), is directly
proportional to the amount of vapor (V) it generates. The governing relationship is
straightforward:

QR=V-A
where A is the molar heat of vaporization.

Because a conventional sequence requires a higher total reboiler duty to overcome
the remixing effect, it must generate a larger total vapor load.*® This has a direct and
significant impact on the column's capital cost. The diameter of a distillation column (

Dc) is determined by the maximum allowable vapor velocity (umax) needed to prevent
hydraulic issues like flooding. The relationship is governed by the continuity equation:

Vload=umax-Ac=umax-(41tDc2)

where Vload is the volumetric vapor flow rate and Ac is the column cross-sectional



area.

A higher vapor load necessitates a larger cross-sectional area and, consequently, a
larger column diameter.® This increases the cost of the column shell, trays or packing,
foundations, and all associated equipment. The DWC's lower energy requirement
means a lower vapor load, which often allows for a smaller column diameter compared
to the combined diameters of a conventional two-column system, contributing
significantly to the observed CAPEX savings.*’

Key Design and Evaluation Equations

While rigorous simulations are essential for final design, several key equations and
methods are used for preliminary design and comparison, highlighting the DWC's
advantages:

Minimum Vapor Flow (V_min) and the Underwood Equation: The theoretical
minimum energy required for a separation is related to the minimum vapor flow
(Vmin). The Underwood method is a classical approach used to calculate Vmin for
multicomponent mixtures.” Studies consistently show that the

Vmin for a DWC (or its theoretical equivalent, the Petlyuk column) is always lower
than that for a conventional two-column sequence for the same ternary
separation, because the equations for the DWC do not have to account for the
energy needed to re-separate the remixed components."
Fenske-Underwood-Gilliland (FUG) Method: This is a widely used shortcut
method for preliminary design.®® It combines the Fenske equation (for minimum
number of stages at total reflux), the Underwood equation (for minimum reflux),
and the Gilliland correlation to estimate the actual number of stages for a given
reflux ratio. While not a substitute for rigorous simulation, it allows engineers to
quickly compare the relative size and energy needs of a DWC versus a
conventional sequence, providing good initial values for more detailed
optimization.’

Total Annualized Cost (TAC): The ultimate metric for comparing process
alternatives is the Total Annualized Cost, which combines capital and operating
costs into a single figure.” The equation is generally expressed as:
TAC=Payback PeriodTotal Capital Investment (CAPEX)+Annual Operating Costs
(OPEX) '

The DWC excels in this metric because it reduces both major terms: CAPEX is



lowered by eliminating an entire column and its auxiliaries, and OPEX is lowered
through significant energy savings.’

Case Studies in Practice: Quantifying the Savings

The theoretical advantages of the DWC are borne out in industrial applications. The
following case studies provide concrete data on the performance improvements
achieved by replacing conventional systems with DWCs.

Case Study 1: ExxonMobil Fawley Refinery Xylene Column Revamp

A landmark project at the ExxonMobil Fawley Refinery in the UK involved the revamp
of a conventional xylene recovery column into a DWC. The project successfully
demonstrated the significant benefits of DWC technology in a brownfield application.

e Original Configuration: A conventional tray column with a diameter of 3800 mm
/ 4300 mm, containing 51 trays. The mixed xylenes product was withdrawn as a
vapor side-stream.*

e Revamped DWC Configuration: The column was retrofitted with a dividing wall
running from tray 14 to tray 39, while maintaining 50 active trays. A crucial
process change was switching the product withdrawal to a liquid side draw from
tray 28. This change in phase contributed to the energy savings by reducing the
vapor traffic in the column.*

e Quantitative Results: The performance of the revamped column was evaluated
under two different operating cases and compared to the pre-revamp baseline:

o Case 1(Same Throughput): Achieved an energy saving of over 50% while
maintaining the same feed rate and product purity.*

o Case 2 (Increased Throughput): Allowed for a higher feed rate and
improved product purity, while still delivering an energy saving of over 25%.*

This case study is a powerful testament to the DWC's ability to not only slash energy
consumption but also enhance capacity and product quality within the constraints of
an existing column shell.*°



Case Study 2: Gas Plant LPG Recovery Unit

A detailed techno-economic study was conducted for adding an LPG recovery unit to
a gas plant, comparing a new conventional two-column sequence with a new DWC.*

e Conventional Two-Column Design (Deethanizer & Debutanizer):
o Total Capital Cost: $241.3 million
o Annual Operating Cost: $37.3 million *°
o Payback Period: 2.23 years
o Column Dimensions: Total height of 39.5m (14.6m + 24.9m); total diameter of
3.5m (1.98m + 1.52m).*’
e DWC Design:
o Total Capital Cost: $192.0 million (a 20.4% saving vs. conventional) *°
o Annual Operating Cost: $23.7 million (a 36.4% saving vs. conventional) *°
o Payback Period: 1.54 years *°
o Column Dimensions: Total height of 36.6m; diameter of 3.05m.*
e Energy Savings: The total reboiler/condenser duty for the DWC system was 18%
lower than the total duty for the conventional system, directly driving the
reduction in operating costs.*’

This study clearly illustrates the dual benefit of the DWC: it is not only significantly
cheaper to operate due to lower energy consumption but is also cheaper to build,
resulting in a faster return on investment.

From Blueprint to Operation: Engineering a Divided Wall Column

While the thermodynamic and economic benefits of the DWC are clear, its successful
implementation requires a sophisticated approach to design, mechanical engineering,
and control. The perception of complexity has historically been a barrier to adoption,
but decades of industrial experience and technological advancement have yielded
robust and reliable solutions to these challenges, transforming the DWC from a
specialist's tool into a standard engineering option.



Design Complexity and Degrees of Freedom

The design of a DWC is inherently more complex than that of a conventional column
because of its integrated nature and additional degrees of freedom.” In a simple
column, key variables include feed tray location, reflux ratio, and reboiler duty. A DWC
adds several crucial new parameters that must be optimized simultaneously to
achieve the desired performance "

e Liquid Split Ratio: The ratio of liquid reflux from the condenser that is directed to
the feed side versus the product side of the wall.

e Vapor Split Ratio: The ratio of vapor from the reboiler that flows up the feed side
versus the product side of the wall.

e Wall Geometry: The height and vertical placement of the dividing wall within the
column shell.

These interacting variables make manual design calculations impractical.
Consequently, the use of modern process simulation software, such as Aspen Plus
and HYSYS, is indispensable for the design, optimization, and performance prediction
of DWCs." Interestingly, because most commercial simulators do not yet have a
single, dedicated DWC model block, engineers typically simulate the DWC by linking
multiple conventional column models together (e.g., a two-, three-, or four-column
arrangement) to represent the different sections of the single DWC shell.” This
workaround itself highlights the underlying complexity of the internal flows but has
become a standard and effective design methodology.

Mechanical and Hydraulic Design Imperatives

The physical construction and internal fluid dynamics of a DWC are critical to its
success. Several key areas require specialized engineering attention.

The Dividing Wall



The wall itself is a critical piece of mechanical engineering. Its design must
accommodate the harsh environment inside a distillation column. A primary concern is
managing thermal stress caused by the potentially large temperature difference
between the two sides of the wall." Early designs used walls that were fully welded to
the column shell. This could lead to mechanical stress and deformation due to thermal
expansion and contraction. A key innovation that spurred wider adoption of DWC
technology was the development of

non-welded or bolted wall constructions.®* These designs use specialized
connections and slotted holes that allow for thermal expansion, reducing mechanical
stress and simplifying installation, particularly in revamp projects.

Proper sealing of the wall against the column shell is paramount. Any significant
leakage of liquid or vapor from one side of the wall to the other would compromise
the separation, reintroducing the very remixing effect the DWC is designed to
prevent."”

Column Internals: Trays vs. Packing

Like conventional columns, DWCs can use either trays or packing to facilitate mass
transfer between the vapor and liquid phases. The choice depends on the specific
application.

e Packed Columns: Often filled with structured packing, these are typically
preferred for vacuum applications where minimizing pressure drop is critical. They
are also well-suited for systems sensitive to heat, as they have a lower liquid
holdup."

e Tray Columns: Using sieve, valve, or bubble-cap trays, these columns can be
more robust against fouling and are often perceived as easier to design for
achieving a balanced pressure drop on both sides of the wall—a key hydraulic
consideration.’

Liquid and Vapor Distribution

Achieving the correct split of liquid and vapor flows to each side of the dividing wall is



the most critical hydraulic challenge in DWC operation.®

e Liquid Split: The liquid split at the top of the wall is actively controlled. This is
typically accomplished using specialized liquid distributors or collectors with
adjustable weirs or timed flow diversion. Companies like Montz have developed
proprietary, magnetically coupled reflux splitters that provide precise and reliable
control over a wide range of flow rates.'

e Vapor Split: In contrast, the vapor split at the bottom of the wall is typically a
passive parameter. It is not actively controlled during operation but is instead
fixed by the hydraulic design of the column internals. The vapor naturally
distributes itself between the two sides in a way that equalizes the pressure drop
across both sections. Therefore, engineers must carefully design the
cross-sectional area and select the type of trays or packing on each side to
ensure the desired vapor split is achieved at the design operating point.”’ While
this is the standard approach, research and development into devices for active
vapor distribution are ongoing, promising even greater operational flexibility in the
future.>®

Control and Operability: Myth vs. Reality

One of the most significant historical barriers to the widespread adoption of DWC
technology was the perception that the columns would be difficult, if not impossible,
to control.” The high degree of integration and strong interaction between
variables—where a change in reboiler duty, for example, affects all three products
simultaneously—led to concerns about operational stability.

However, decades of industrial experience have largely debunked this myth. The
reality is that hundreds of DWCs are operated stably and reliably around the world.”
Many of these units are successfully managed using conventional control strategies,
such as multi-loop

Proportional-Integral-Derivative (PID) controllers, which are the workhorse of the
process control industry.” In these schemes, key temperatures at sensitive locations
in the column are often used as inferential measurements to control product
compositions by manipulating variables like the reflux rate and product draw rates.®

For processes requiring tighter control, higher efficiency, or the ability to handle
significant disturbances in feed flow or composition, Advanced Process Control



(APC) strategies are employed. Techniques like Model Predictive Control (MPC)
and Real-Time Optimization (RTO) use a dynamic model of the column to predict its
future behavior and make optimal adjustments to manipulated variables in real-time.
Case studies have shown that implementing MPC on a DWC can yield further energy
reductions of 5-10% and increase throughput by as much as 15% over and above the
baseline savings, all while maintaining stringent product purity specifications."

The evolution of the DWC from a theoretical concept to an industrial reality is a
compelling story of how progress in enabling technologies can unlock the potential of
a core innovation. The DWC concept itself is not new, with patents dating back to the
1940s.* Its long period of dormancy was not due to a flaw in the thermodynamic
principle, but rather a lack of the necessary tools to implement it practically. The rise
of powerful, accessible process simulators in the latter half of the 20th century made
the complex, multi-variable design calculations feasible for the first time.*°
Concurrently, innovations in mechanical design and manufacturing, such as the
development of non-welded walls and high-performance structured packing, solved
critical hardware challenges.® Finally, the advent of modern Digital Control Systems
(DCS) and sophisticated control algorithms provided the means to manage the
column's interactive dynamics robustly and reliably.” It was the convergence of these
three streams of progress—in computation, materials science, and control
theory—that ultimately brought the DWC out of the laboratory and into the industrial
mainstream.

The Future of Integrated Distillation

The Divided Wall Column is not a static technology but a dynamic and evolving
platform for process intensification. Having proven its value in the standard
three-product separation, the underlying principles of thermal coupling and internal
partitioning are now being extended to tackle more complex separation challenges
and integrated with other advanced processes, pointing toward a future of even more
efficient and compact chemical production.

Beyond Three Products: The Evolution of DWC Configurations



The success of the standard DWC has inspired engineers to push the boundaries of
integration further, leading to the development of columns capable of separating four
or more products within a single shell. This represents the next frontier of process
intensification, promising even greater savings at the cost of increased design
complexity.®

The Kaibel Column: The first and most widely adopted extension of the DWC is
the Kaibel column. This configuration enhances the standard DWC by
incorporating an additional packed bed section and a second side draw, enabling
the separation of a single feed into four distinct product streams.® The Kaibel
column is a practical and industrially proven four-product design that offers
significant savings over a conventional three-column sequence.’’

Multipartition and Dual-Dividing-Wall Columns (MP-DWC / DDWC): For
separations involving five, six, or more components, even more complex
configurations are being developed. These columns, known as Multipartition or
Dual-Dividing-Wall Columns, employ multiple internal walls to create a series of
interconnected separation zones within a single shell. These advanced designs,
such as the Sargent column, offer the potential for energy and capital savings of
up to 50% but come with a significant increase in design and control complexity
due to the multiple liquid and vapor splits that must be managed.® While still
largely in the research and pilot stage, they represent the long-term trajectory of
distillation technology.

Expanding Applications and Future Trends

The flexibility of the DWC platform allows it to be applied to a growing range of
industrial processes, particularly those aligned with sustainability and resource
efficiency goals.

Sustainable Processes and Biofuels: DWC technology is proving to be a key
enabler for the bio-based economy. It is actively being applied to the purification
stages of biofuel production, such as the separation of methanol, water, and
glycerol in biodiesel manufacturing. In one case study, a DWC design reduced
energy requirements by 27% and total annual costs by 25% compared to an
optimized conventional process, making the biofuel's production more
economically viable and environmentally friendly.”



e Natural Gas Liquids (NGL) Fractionation: In the oil and gas sector, DWCs are
being deployed to streamline the fractionation of NGLs. A patented DWC
application can condense a traditional four-tower fractionation train (used to
produce ethane, propane, isobutane, normal butane, and natural gasoline) into a
more efficient three-tower system. This reduction in equipment and energy is
critical for improving the cost-effectiveness and operational flexibility of NGL
processing facilities.’

e Reactive Distillation (R-DWC): Perhaps the most transformative future trend is
the integration of chemical reaction and separation within a single DWC unit. This
technology, known as a Reactive Dividing Wall Column (R-DWC), combines the
benefits of reactive distillation (e.g., overcoming chemical equilibrium limitations,
improving selectivity, and reducing byproduct formation) with the energy
efficiency of the DWC. An R-DWC can replace an entire process flowsheet of a
reactor followed by multiple separation columns with a single, highly efficient
piece of equipment, promising immense savings in both capital and energy.’

e Carbon Capture: The energy-intensive nature of solvent regeneration is a major
cost and efficiency barrier in many leading carbon capture technologies, such as
amine scrubbing. While the source material on "DWC" for carbon capture
describes a different technology ("Direct Water Capture") 7/, the fundamental
principles of the distillation DWC are highly applicable. Using a DWC configuration
for the solvent stripping column could significantly reduce the large amount of
steam (energy) required to regenerate the amine solvent, thereby lowering the
overall cost and energy penalty of the carbon capture process. This represents a
logical and potentially high-impact future application for DWC technology.

The clear evolutionary path from the basic three-product DWC to the four-product
Kaibel column, and onward to multi-partition and reactive DWC configurations, reveals
a crucial truth: the Divided Wall Column is not a single, static product but a flexible
and scalable platform technology. The core concept of achieving thermodynamic
efficiency through internal thermal coupling via a physical partition is a robust design
philosophy. Engineers are continuously finding new ways to adapt and extend this
philosophy to solve increasingly complex separation and reaction problems. This
pattern of modular evolution, where new functionalities are integrated onto a proven
core platform, suggests a long-term technological trajectory with significant future
potential, solidifying the DWC's place as a cornerstone of modern process
intensification.



Conclusion and Strategic Recommendations

The Divided Wall Column has successfully transitioned from a theoretical concept to a
mature, industrially proven technology. The evidence is conclusive: for a wide range of
multicomponent separations, the DWC offers dramatic and verifiable reductions in
energy consumption, capital cost, and plant footprint. These benefits are not
marginal; they represent a step-change in process efficiency, with energy and
operating cost savings of up to 40% and capital cost reductions of up to 30% being
routinely cited and achieved in industrial practice.

The DWC's primary advantage stems from its elegant solution to a fundamental
thermodynamic flaw in conventional distillation—the wasteful remixing of partially
separated components. By integrating the function of two columns into a single,
intelligently partitioned shell, the DWC eliminates this inefficiency at its source. While
historically perceived as complex, the challenges of DWC design, construction, and
control have been effectively solved through decades of innovation in process
simulation, specialized hardware, and modern control systems.

Strategic Recommendations for Adoption

Given the technology's maturity and profound benefits, the DWC should be a primary
consideration in both new plant designs and the optimization of existing assets.

When to Consider a DWC: The DWC should be evaluated as a standard option
during the process synthesis phase for any new multicomponent distillation unit.*' It is
particularly well-suited for applications with the following characteristics:

e Feed Composition: The feed contains a high concentration of the middle-boiling
component, typically in the range of 60-70 mol%."

e Product Purity: A high purity is required for the middle-boiling component,
which is drawn as a side product.”

e Relative Volatility: The components in the mixture have similar relative
volatilities, making the separation more difficult and the energy savings from an
efficient design more pronounced.*

DWC for Revamps: DWC technology is an exceptionally powerful tool for revamping



existing distillation systems. By retrofitting a conventional column with a dividing wall
and new internals, operators can achieve multiple objectives, often simultaneously:

e Drastically cut energy costs and greenhouse gas emissions.

e Increase the processing capacity of the column.

e Improve the purity of existing products or enable the recovery of a new, valuable
side-product.
All of these benefits can often be achieved within the footprint of the existing
column, avoiding the need for new plot space and extensive infrastructure
changes.4 The successful revamp of the ExxonMobil xylene column is a testament
to this potential.39

A Call to Action

In the face of persistent economic pressures and the urgent global need for industrial
decarbonization, the chemical and refining industries can no longer afford to overlook
proven, high-impact efficiency technologies. The Divided Wall Column has
demonstrated its value conclusively. The question for plant operators, engineers, and
strategic planners should no longer be, "Is a DWC too complex to implement?" but
rather, "Can we afford not to leverage the significant competitive and environmental
advantages offered by the DWC?" For any organization with a substantial distillation
footprint, a systematic review of existing and planned separation processes against
DWC applicability criteria represents one of the most significant and readily available
opportunities to reduce costs, enhance profitability, and make a meaningful
contribution to a more sustainable industrial future.
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