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Abstract: This study focuses on designing a production plant for a cosmetic emulsion (EC), with an
emphasis on reducing investment costs through the application of process intensification techniques
for extracting plant oils from Morete (Mauritia flexuosa) and Ungurahua (Oenocarpus bataua) fruits.
The main objective was to develop a plant capable to efficiently produce the EC. The methodology
was divided into two main stages: 1) process design, including the definition of requirements,
conceptual design, and basic engineering, carried out using the SuperPro Designer V10 simulation
software, 2) development of the plant layout using SketchUp Web 2022. Simulation results
demonstrate that it is feasible to design a technological process based on process intensification
principles. The intensified process developed for EC production showed relevant economic
advantages, enabling investment recovery within a relatively short payback period (3.93 years). This
makes the proposed approach a more profitable and efficient alternative compared to conventional
methods.

Keywords: technological process; vegetable oils; SuperPro Designer V10; SketchUp web 2022;
enhanced technology

1. Introduction

In recent years, the emulsions industry has been in a constant state of flux, and by the year 2020,
this market was valued at USD 341.1 billion. It is expected to reach USD 560.5 billion by 2030, with a
compound annual growth rate of 5.1 %, between 2021 and 2030 [1].

The emulsions industry in Ecuador represents 1.6% of the GDP, producing 1100 million dollars
a year and growing annually by 10%, which has led to the generation of many jobs opportunities [2].
The industry is placing greater emphasis on individuals aged 12 to 25, because this age group
constitutes the primary consumer base for emulsion products such as cosmetic emulsion [3]

Cosmetic emulsion (EC) are homogeneous, semi-solid preparations intended for skin
application consisting of opaque emulsion systems [4]. The consistency and properties of these
creams vary depending on the type of emulsion and the raw materials used. These raw materials are
primarily vegetable oils —substances produced by the metabolism of certain plants [5]. Therefore, it
is necessary to use plant oils as raw materials. These oils not only serve sensorial and functional roles
in the formulation, but they may also exhibit desirable depigmenting activity in certain cosmetic
products [6]. They can also enhance oxidative stability, the bioavailability of bioactive compounds,
and skin compatibility, which is key in the design of differentiated and sustainable products. In
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cosmetic production, the use of plant oils and the analysis of their triacylglycerol composition are
essential to formulate sustainable products. These oils not only reduce the environmental footprint,
but also act as (i) natural emollients, that improve skin flexibility and resilience, (ii) strengthen the
skin barrier through their hydrophobic nature, and (iii) provide antioxidant benefits that enhance the
overall quality of the cosmetic product [7].

When applied to the skin, the water available into the cream evaporates and creates a cooling
sensation, while the oil creates a protective barrier. Creams with a higher amount of oil, or oily
phase, are ideal for dry, sensitive skin or skin prone to atopic dermatitis, as they provide superior
hydration and nourishment [8].

EC are used for skin care, moisturizing and slowing down the ageing process [9]. Many
consumers prefer to use products containing plant-based components, which has led to research into
alternatives that meet these requirements. Plant oils are also used to make soaps, medicines,
foodstuffs, and other products and other products [10]. There are a variety of plant oils, however, the
most traditional are olive, avocado and coconut oil [11]. In the Amazonian forest, there are promising
oils extracted from fruits such as Morete (Mauritia flexuosa) and Ungurahua (Oenocarpus bataua).
Amazonian oils are distinguished by their high content of essential fatty acids (such as oleic and
linoleic acids), phytosterols, and antioxidant compounds, making them high-value functional raw
materials for cosmetic formulations with both ecological appeal and sensorial benefits [12].

Studies have shown that ECs, formulated with these oils, exhibited properties such as skin
softening, as well as enhancing skin radiance and firmness. Other fruits, including Sacha Inchi
(Plukenetia volubilis), Chontaduro (Bactris gasipaes), and Ginger (Zingiber officinale), showed similar
properties but few studies are available [13]. Proafio et al. [14] developed an exfoliating cream using
passion fruit oil and its seeds as an alternative raw material, addressing the significant waste
generated by passion fruit seeds. Similarly, Rivera et al. [15] formulated an exfoliating cream based
on Morete peels, highlighting its potential as a valuable contribution to the development of new
emulsion-based formulations Proafio et al. [14].

The utilization of plant by-products in cosmetics opens the door to circular economy strategies,
which can be incorporated into the plant design to minimize waste, reduce raw material costs, and
add value to local agro-industrial processes [16-19].

A study reports that the production of Morete and Ungurahua-based cream involves two
distinct phases, each with a specific technological process tailored to meet defined criteria. These
phases incorporate key unit operations—heating, mixing, agitation, homogenization, and cooling—
which must be precisely controlled to ensure the final product's physical stability, sensory quality,
and functional performance [20].

Technological advancements in emulsion production have progressed significantly, and a
variety of equipment and processing techniques are now available for manufacturing diverse
cosmetic emulsion formulations [21]. Process design methodologies, such as the one proposed by
Cerda Mejia et al. [22] for hydroalcoholic gel production, have been successfully applied to the
development of products analogous to emulsion-based creams

In this case, simulation and computational modeling tools—such as process flow diagrams,
Aspen Plus-type simulators, and energy consumption estimation—were applied to facilitate the
scaling of processes from the laboratory to the pilot plant level, incorporating criteria of sustainability
and operational efficiency.

Beltran Chacén & Aguayo Carvajal [23], mention that it should be taken into account that the
investment for the start-up of an agro-industrial plant is significant, as the acquisition of equipment
represents one of the biggest expenses within a company. For this reason, a well-planned and
designed plant should favor the efficient use of the resources within it, thus contributing to
environmental sustainability. The process should also be optimized to minimize complexity and
waste while enhancing overall efficiency. Additionally, consideration of worker safety and
ergonomics is essential to mitigate potential future costs related to compensation, regulatory fines, or
other liabilities.
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To reduce investment and acquisition costs, process intensification can be considered. According
to [24], process intensification represents one of the most promising areas for industrial development.
This approach involves modifying conventional processes or developing novel technologies to lower
energy consumption, enhance yields, and improve product quality. Specifically, it aims to increase
efficiency and production benefits, improve processing quality and safety, minimize the size of both
primary and auxiliary equipment, and reduce waste and energy demands through the adoption of
more sustainable technologies [25].

Research on the oil properties of Morete and Ungurahua has been carried out at laboratory level
(basic research), and cosmetic emulsion have been produced in small quantities [20]. However, in the
Amazonian context, the problem is that there is no technological process or plant designed to obtain
EC from Morete and Ungurahua oils, at a pilot or industrial level. This reveals a technological gap
that currently limits industrial-scale production, due to the absence of well-defined parameters such
as plant capacity, emulsion yield, energy consumption, material compatibility, and standardized
operating conditions. In response, this study aims to design a pilot plant for the production of a
cosmetic emulsion formulated with Amazonian plant oils, by applying process simulation tools and
principles of process intensification to develop an efficient, scalable, and environmentally sustainable
manufacturing system.

2. Materials and Methods

The design of an industrial plant for production of EC was carried out following the
methodology proposed by Dimian [26], which comprises four stages, as illustrated in Figure 1. These
stages include the definition of requirements, conceptual design, and basic design, which collectively
form the core of the process design. Additionally, detailed engineering was incorporated to develop
the plant layout, ensuring a well-structured facility capable of producing high-quality cosmetic
emulsion with efficiency and sustainability [26].
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Figure 1. Life cycle of an integrated design project. Taken from Dimian [26].

2.1. Proposal for the Design of the Technological Process

The design of the technological process of an EC, was carried out using the methodology
proposed by Pérez-Martinez et al. [27]. This phase includes product identification, technology
selection, and definition of the technological scheme. Production capacity, macro-location, and mass
and energy balances are assessed. Raw material availability, environmental compatibility, and
equipment design and costs are evaluated. Process control is implemented, followed by investment
and production cost analysis to identify optimized, viable alternatives. Finally, the integration of
emerging technologies is considered.

2.2. Proposal for the Design of the Technological Process
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As a complement to the process design, the simulation methodology proposed by Dimian et al.
[28] was applied, comprising four stages: data analysis, input, simulation execution, and result
evaluation (Figure 2). Initially, relevant data is collected and analyzed, then entered the simulator to
configure process parameters. The simulation was executed to model system behavior under various
conditions. Finally, the results were assessed to optimize process design and operation [28].

To simulate the design of an EC manufacturing plant, the SuperPro Designer V10 simulator was
used.
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Figure 2. Methodological levels in steady-state simulation. Taken from: Dimian et al., 2014.

Plant layout was developed using Richard Muther’s Systematic Layout Planning (SLP)
methodology (1968), as shown in Figure 3. This approach supports efficient design by systematically
considering material flow, accessibility, safety, and optimal space utilization in the cosmetic emulsion
manufacturing plant [30,31].

This method minimizes material handling costs, reduces production time, and improves
workflow by strategically organizing the workstation, departments, equipment, and other elements
within a facility; the nature of this distribution can vary depending on the type of industry,
production processes, workflow needs, and other factors [32]. Computerized software, specifically
SketchUp Web 2022, was used to visualize and optimize the distribution and sizing of areas and
equipment.
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Figure 3. Methodological levels in steady-state simulation [30].

3. Results
3.1. Proposal for the Design of the Technological Process

3.1.1. Product in Demand

The production of EC requires the extraction of oils from Morete and Ungurahua fruits. Once
obtained, the fatty phase (oils and cocoa butter) and the aqueous phase (purified water) were
prepared. The emulsifier was then added and mixed, followed by the incorporation of the aqueous
into the fatty phase. Finally, a preservative is added, and the mixture stored.

3.1.2. Technology Selection

Figures 4a and 4b illustrate the processes to produce EC using Morete and Ungurahua fruit oils
characterized by unit operations. Two technologies with similar characteristics are used in the
traditional method (Figure 4a), while the intensified technology (Figure 4b) evaluates the economic
feasibility of a single extraction line for both oils. In the proposed process, both oils are extracted
using a single technology; when Morete oil is not being extracted, the line is cleaned and prepared
for Ungurahua oil extraction, and vice versa. The first step involves selection and washing, where
fruits with bruises or poor conditions are discarded based on ripeness, ensuring cleanliness. The
fruits are then softened at 100 °C for 1 hour, facilitating pulping and allowing for easier oil extraction.
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Figure 4. Block diagram for the process of obtaining Morete and Unguarahua oil and emulsion (a) Traditional
technology [20], (b) Intensified.
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All of the processes mentioned above fit the Gantt chart, as summarized in Figure 5a and 5b.
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Figure 5. Gantt Chart (a) Traditional [20], (b) Intensified.

3.1.3. The Technological Scheme

Figures 6a and 6b present the process flow diagrams for traditional and intensified technologies.
It can be observed that the vegetable oil production line is streamlined, with a single technology
employed, leading to a more efficient work organization as shown in the Gantt chart in Figure 4. In
the intensified technology (Figure 6b), after softening and progression through each unit operation,
the equipment can be cleaned and reused for the alternate extraction process once the first extraction
is completed.
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Figure 6. Process flow diagram (a) Traditional [20], (b) Intensified.

3.1.4. Production Capacity Estimation

To estimate the production capacity of cosmetic emulsion from Morete and Ungurahua, 2.5 kg
of Morete and 10.5 kg of Ungurahua were used to produce a total of 18.98 kg of cosmetic emulsion,
with 13 kg coming from the main ingredients, and the production ratio was calculated by dividing
the amount of cream produced by the total ingredients, resulting in a production rate of 1.46 kg of
cream per kilogram of ingredients

3.1.5. Location

Due to the availability of the raw material, the processing plant for the extraction and production
of EC will be located in the province of Napo, Tena canton in the Muyuna parish as shown in Figure
7.

Figure 7. Location of the processing plant.

3.1.6. Mass and Energy Balances, and Environmental Compatibility

Table 1 details the environmental indicators associated with the annual production of
4717 48 kg, representing 260 batches of cosmetic creams for both traditional and intensified

technologies.

Table 1. Comparison of extraction methods, unit operations, and equipment for Morete and Ungurahua oils.

. Amount

Env1ro.n mental Input/Output Current  Traditional Intensified Unit
Indicator
technology technology

Montanov 68 0.011 0.011 kg/kg
Raw material Montanov 202 0.036 0.036 kg/kg
consumption Morete fruit 0.136 0.136 kg/kg
Sharomix 0.011 0.011 kg/kg
Cocoa butter 0.111 0.111 kg/kg

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Ungurahua fruit 0.563 0.563 kg/kg
Water consumption Water 48.411 48.411 kg/kg
Power consumption 5.86 5.86 kW-h/kg
Energy consumption  Steam consumption 10 10 kg/kg
Refrigerated water 260 260 kg/kg
Of gases - - -
Discharge Of liquids - - -
Of solids 0.56 0.56 kg/kg
Cosmetic emulsion 471748 4717.48 kg/yr

3.1.7. Sizing and Cost of Acquisition of Equipment

To determine the equipment size and calculate acquisition costs, it is crucial to define the entire
manufacturing process for both traditional and intensified technologies. Table 2 lists the equipment
used in the processes of extracting plant oils and preparing EC, along with their design parameters,
quantities, and purchasing costs. The total cost to purchase equipment for the traditional technology
is USD 126,000.00, while the cost for the intensified technology is USD 88,000.00, reflecting a reduction
in the amount of equipments.

Table 2. Equipment acquisition cost.

Cost (USD)
Quantity Name Design Parameter Traditional Intensified
technology technology
1 Turbo-emulsifier Tank volume =22.47 L 20 000 20 000
1 Turbo-emulsifier Tank volume = 14.66 L 20000 20 000
1 Pulper Nominal Yield = 2.55 kg/h 14 000 14 000
1 Pulper Nominal Yield = 10.58 kg/h 14 000
1 Jacketed tank Tank volume =2.62 L. 10 000 10 000
1 Jacketed tank Tank volume =8.95 L 10 000
1 Shredder Nominal Yield = 2.55 kg/h 1000 6 000
1 Shredder Nominal Yield =2.16 kg/h 1 000
1 Press Nominal Yield = 12.98 kg/h 6 000
1 Press Nominal Yield = 45.82 kg/h 6 000
1 Storage tank Tank volume =1.11L - 1000
1 Storage tank Tank volume =2.58 L - 1000
Equipment not listed 25000 18 000
Total 126 000 88 000

3.1.8. Economic Analysis and Feasibility

Figure 8a shows that for traditional technology, the investment cost for 260 batches is
$1,016,000.00, while the annual production cost is $441,000.00. In contrast, for intensified technology
(Figure 8c), the investment cost for 260 batches is $747,000.00, and the annual production cost is
$357,000.00.

Both traditional and intensified technologies for producing emulsion cream are cost-effective,
but intensified technology provides greater economic benefits. While traditional technology has a
Net Present Value (NPV) of $216,000.00 (Figure 8b), intensified technology achieves an NPV of
$577,000.00 (Figure 8d), indicating a significantly higher return on investment in a shorter time.
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Figure 8. Results of the economic analysis; Investment and production cost: (a) Traditional [20], (c) Intensified;
(b) Dynamic economic and profitability indicators. (b)Traditional [20], (d) Intensified.

3.2. Plant Layout

The proposed layout for the ECC production plant, illustrated in Figure 9, begins at the
unloading zone, followed by the raw material reception area (Z1), which includes designated sections
for Morete and Ungurahua fruits. The production process initiates with the extraction of plant oils,
represented by yellow arrows, and includes the following unit operations: selection (A), washing (B),
softening (C), pulping (D), and pressing and filtration (E). Conveyor belt systems, shown with brown
arrows, are integrated into pulping and pressing to facilitate the removal of solid waste.
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Figure 9. Distribution of the plant to produce Emulsion creams. Production area: A. selection, B. washing, C.
softening, D. pulping, E. pressing and filtering, F1. Morete oil, F2. Ungurahua oil, G. turbo emulsifier aqueous
phase, H. turbo emulsifier oil phase, I. packaging machine, ]. labeling, K. packaging, L. storage, M1. Morete
fruits, M2. Ungurahua fruits. Administration area: Al. secretary, A2. administrator, A3. inputs and ingredients,
A4. laboratory, A5. disinfection chamber, A6. Dressing rooms. Maintenance and control area: C1. electrical
systems, C2. maintenance warehouse, C3. control room, C4. Container and label warehouse. Complementary
areas: X. boiler fuel, X1. Discharge area, X2. Discharge area of finished products, XE1. Main entrance, XD. Staff
movement area, XD. Waste exit, Y. boiler, Z, water storage. Emergency exits: S1., S2., S3. Discharge area: Z1.

Initial disposal of the raw material. Cargo area.

After oil extraction, the oils are stored in dedicated tanks—(F1) for Morete oil and (F2) for
Ungurahua oil. The oil phase is then prepared in the turbo-emulsifier (H), and the aqueous phase (G)
is added based on defined operational parameters. This sequence is indicated by blue arrows. The
final processing stages include packaging (I), labeling (J), and boxing (K), concluding with final
storage and a designated loading area (L). The production flow progresses linearly from (A) to (L),
ensuring a streamlined, non-redundant workflow throughout the plant.

3.2.1. Principle of Integration

Specific areas are established for the movement of workers, marked in gray with green arrows,
thus keeping aside all areas such as: production, administration, complementary systems, control
and maintenance area.

3.2.2. Principle of the Minimum Distance Traveled

Five strategic points are identified in the process: 1) placement of raw materials (Z1), 2) and 3)
analysis of oil samples (F1, F2) and cream (H) in the laboratory (A4), 4) addition of inputs (A3) into
the turbo-emulsifier for the fatty phase (H), and 5) supply of materials from (C4) to the packaging (I),
labeling (J), and final packing stations (K).

3.2.3. Principle of the Minimum Distance Traveled

The production area begins with the oil extraction, involving unit operations A through E,
indicated by yellow arrows. This constitutes the first operational zone in the process sequence. The
extracted oils (F1 for Morete and F2 for Ungurahua) are stored, after which the turbo-emulsifier is
initiated: first, the aqueous phase (G) is prepared and subsequently incorporated into the fatty phase
(H) to form the emulsion. This progression is represented by blue arrows. The process then advances
to the packaging unit (I), labeling station (J), and final packing and storage (K and L), as indicated by
red arrows.

Additionally, this flow principle applies to the disposal of by-products from the pulping (D) and
pressing (E) stages. These residues are transported out of the facility via conveyor belts, illustrated
with brown arrows in Figure 9, ensuring efficient waste management without interfering with the
main production line

3.2.4. Cubic Space Principle

Water flow is supplied to both the washing (B) and softening (C) stages during the oil extraction
process. For cream preparation, filtered water is specifically allocated to the aqueous phase (G).
Superheated steam is available in the extraction area to facilitate softening (C), while in the cream
formulation stage, it is used both to heat the aqueous phase (G) and to regulate the temperature of
the oil phase (H).

3.2.5. Principle of Satisfaction and Security
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The administrative area is organized into distinct sections, including secretary (Al),
administrator (A2), supply and material warehouse (A3), laboratory (A4), disinfection chamber (A5),
and separate dressing rooms for men and women (A6), ensuring both staff satisfaction and product
safety. This structured approach extends to the control and maintenance department (C3). The oil
extraction and cream production processes are managed from a central control room, supervised by
qualified staff. Additional dedicated spaces are provided for the electrical control system,
maintenance storage, and the storage of labels and containers. In the complementary systems area,
spaces are physically separated by solid walls to prevent heat transfer to the water (Z) and fuel (X)
storage areas during operation, thereby minimizing the risk of accidents. In case of accident at the
plant, three emergency exits were designed (S1, S2, S3).

3.2.6. Principle of Flexibility

The production area, comprising both the oil extraction and cream manufacturing processes, is
designed with sufficient space to facilitate maintenance and accommodate the integration of
additional, mobile, and easily removable equipment. The layout also incorporates the administration,
complementary systems, and control and maintenance areas. This systematic and organized
approach minimizes operational delays, enhances spatial efficiency, and supports smooth plant
operation.

4. Discussion

The application of process intensification principles to the design of a pilot plant for cosmetic
emulsion (CE) production using Morete and Ungurahua oils has demonstrated the efficient
utilization of available raw materials [20]. The extraction and processing of these traditionally
underutilized oils have been optimized to maximize cream production yield per kilogram of input,
achieving 1.46 kg of CE/kg. This result confirms the feasibility of converting local seasonal fruits into
high value-added products while strengthening supply chains in the Amazon region [20]. Locating
the plant in Tena (Ecuador) and establishing supply agreements with local associations or
communities is expected to ensure a steady flow of raw materials despite the seasonality of harvests.

Moreover, this study demonstrated that the use of local raw materials is not only applicable but
also improve the final product by introducing elements of differentiation and sustainability [20].
Morete and Ungurahua oils, rich in essential fatty acids and antioxidants, provide superior cosmetic
properties (hydration, repair, and skin barrier protection) that allow the CE to be positioned
competitively in both regional and national markets, while also generating employment
opportunities [18]. The integration of circular economy principles into the design enables the
repurposing of pressing by-products into exfoliant ingredients or raw materials for biofertilizers,
thereby closing the production loop and minimizing solid waste generation [33]. A major finding of
this study is the relevant reduction in capital investment, driven by technological enhancements and
strategic operational planning. By unifying the extraction lines for both oils with intermediate
cleanings, the number of main equipment units was reduced from 12 to 9, and CAPEX (Capital
Expenditure) decreased from USD 126,000 to USD 88,000. Simulation using SuperPro Designer V10
indicated a NPV of USD 577,000 and a payback period of 3.93 years—parameters that confirm the
economic feasibility of an intensified scheme over a conventional design [34,35]. The reduction in
fixed capital investment leads to decreased financial risk and a shorter payback period —key factors
in attracting investment for sustainable agro-industrial initiatives. In addition, the study offers a
comprehensive and well-structured representation of the plant layout, developed using the
Systematic Layout Planning (SLP) methodology. The linear arrangement of processing areas—from
raw material reception and extraction to turbo-emulsification and final packaging —reduces internal
movement by 15%, minimizes downtime, and facilitates maintenance without interrupting
production. The strategic zoning of thermal, humidity, and auxiliary systems, along with the
incorporation of three emergency exits and service corridors, ensures compliance with international
safety and ergonomic standards for pilot-scale operations. This schematic representation provides a
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solid foundation for the future construction of the pilot facility and serves as a valuable tool for
training operational personnel. The analysis of resource consumption and waste generation indicates
the use of 48.4 kg of water, 10 kg of steam, and 5.86 kWh of electricity per kilogram of cream
produced, along with the generation of 0.56 kg of solid waste per kilogram of cosmetic emulsion (CE).
These figures reflect a competitive environmental performance, remaining within acceptable limits
for small-scale cosmetic manufacturing processes [36]. Furthermore, the valorization of press cake
offers promising opportunities for integrating circular economy principles—for instance, through the
extraction of residual phenolic compounds for facial toner formulations or the fermentation of pulp
to produce high-value biofertilizers [37]. Future research should explore emerging technologies such
as ultrasound-assisted extraction and microwave treatments, which have the potential to increase
yields by 15-20% while reducing processing times. The implementation of a digital twin, supported
by a mathematical assistant and real-time sensor data to monitor operational parameters, would
enable predictive optimization of critical variables and facilitate preventive maintenance, thereby
ensuring consistent CE quality. This holistic approach not only strengthens the competitiveness of
the Amazonian cosmetic agro-industry but also establishes a foundation for future sustainable
innovation and the valorization of the region’s endogenous resources

5. Conclusions

The proposed design of the CE production plant optimizes material flow and space utilization
while ensuring operational safety for plant personnel. The layout of the plant is divided into several
key areas: production, which includes plant oil extraction and cream formulation processes,
discharge and loading zones, administration, supporting systems, and areas for control and
maintenance. The process design was initially defined, followed by the application of integration
principles such as minimizing material travel distances, ensuring efficient flow, optimizing cubic
space, and prioritizing the safety and well-being of plant personnel interacting with the technology.

Additionally, the proposal for an intensified process in plant oil extraction and EC production
reduces the amount of equipment, thus lowering both capital expenditure and overall investment.
This streamlined approach demonstrates superior efficiency and profitability, resulting in a NPV of
$577,000.00, a profit margin of 35.48%, and a reduced payback period of just 3.93 years.
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