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In this master’s thesis, the 3D model of two Power-to-Methanol plants were created based 

on the corresponding Aspen Plus simulations belonging to the P2X laboratory departments 

LENS and LES of LUT University. This was done using the 3D CAD software OpenPlant 

Modeler, OptiPlant 3D Layout, and AutoCAD P3D. The three software were compared 

based on the needs of LENS and LES, and the most suitable was selected for implementation.  

The aim of this thesis was to select a 3D CAD software for implementation in LENS and 

LES. This represented the first steps in the digitalization of the P2X research of these 

departments, with the goal of developing a digital twin to enhance component testing, the 

techno-economic analysis of process chains, and the co-creation and co-innovation in P2X 

research. 

The literature section of this thesis introduced P2X and gave an overview of methanol 

synthesis, discussed the steps involved in 3D modeling, and summarized the advantages and 

disadvantages of 3D plant visualization. The applied part of the thesis contained the selection 

of the best suitable 3D modeling tool by testing and comparing different software with 

example P2MeOH Aspen Plus simulations. Based on this, the P2MeOH plants were 3D 

modeled and a manual for recreational purposes was created. 

From the comparison of the software OpenPlant Modeler, OptiPlant 3D Layout, and 

AutoCAD P3D by 3D modeling of the P2MeOH Aspen Plus simulation provided for this 

thesis, AutoCAD P3D was selected for implementation in LUT P2X Laboratory. The second 

P2MeOH Aspen Plus simulation was modeled in this selected 3D CAD software. 

Furthermore, a P3D modeling manual and video tutorials were created, to secure the 

obtained P3D modeling knowledge, for recreational purposes. 
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Roman characters 

p pressure  bar, Pa 

𝑚̇ mass flow rate kg/s, kg/h 

𝐻 enthalpy kJ/mol 

T temperature  ºC, K 

S  stoichiometry number V 

V  volume   m3 

A  area  m2 

D, d diameter  m, mm 

H, h height  m, mm 

L, l length  m, mm 

W, w width  m, mm 

t time  h, s 

Greek characters 

ρ density  kg/m3 

Subscripts 

r standard 

min minimum value 

max maximum value 
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1  Introduction 

Three-dimensional (3D) modeling of process plants provides a virtual recreation that 

simulates the geometry of the plant as realistically as possible, which can increase efficiency, 

reduce safety risks, and improve communication, throughout the plant’s lifecycle. The 3D 

drawings of a process plant are easier to visualize spatially than the two-dimensional (2D) 

drawings, such as Process Flow Diagrams (PFDs) or Process Instrumentation Diagrams 

(PIDs). Different plant layouts can be tested and walked through during the design phase, 

and the best suitable layout can be selected. In addition, design conflicts can be identified 

early and resolved before the plant is built. In addition, the 3D model can be used for plant 

maintenance and training of new employees. Overall, 3D modeling improves the efficiency 

and effectiveness of process plant design, construction, and maintenance. (Khatib, Chileshe 

and Sloan, 2007; Hytonen et al., 2020) 

Tight schedules, lack of design information at the in the beginning of the project, design 

changes in the later stages of the project, and the novelty of the target process represent the 

main challenges in the 3D process plant modeling. (Hytonen et al., 2020) 

The 3D process plant design consists of several steps. Most of them are interdependent. First, 

the PFD is drawn based on the process simulation. Next, the equipment and their 

relationships are listed. The first preliminary layout and alternatives are designed and 

evaluated using the equipment relationships and plant safety rules. Finally, the selected 

process plant layout is drawn using the most suitable 3D Computer Aided Design (CAD) 

software for the project. (Moran, 2017) 

There is several commercially available 3D CAD software. They differ mainly in their 

toolset and functionalities. The first software selection criteria is the size of the process plant 

project, since not every software is suitable for every plant size. Next, the different 

requirements of the project are determined, such as detailed 3D engineering, preliminary 

design, piping support, cloud-based interdepartmental exchange of data, and similar. These 

factors are used to select the most ideal software solution for the process plant project. 

(Moran, 2017) 
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The main objective of this thesis is the preliminary 3D CAD modeling of the planned novel 

Power-to-X (PtX or P2X) methanol plant of the School of Engineering Sciences and School 

of Energy Systems of the LUT University. This thesis consists of three main parts.  

The literature review (Chapters 2 - 4 ) introduces the Power to Methanol (PtMeOH) process, 

which is modeled in 3D in the applied part. In addition, the different steps of preliminary 

process design and plant layout selection methods are presented. Furthermore, the 

advantages and challenges of 3D modeling of process plants are discussed, and different 

commercially available 3D CAD software are introduced. Finally, some examples of 

industrial 3D models are presented.  

Second, the applied part follows (Chapters 5 to 8 . Here, the preliminary design of two 

PtMeOH plants is carried out based on their Aspen Plus simulation. The first PtMeOH 

simulation is used to compare three 3D CAD software. The preliminary design based on the 

simulations consists of the preliminary equipment sizing and the determination of the 

required production area size. The optimal equipment placement in the production area, i.e., 

the 3D plant layout, is determined using the CRAFT algorithm. The different functionalities 

of the 3D CAD software to be compared are evaluated by modeling the first PtMeOH 

process. The most suitable 3D CAD software is selected. The second PtMeOH process is 

modeled with the selected 3D CAD program, including the storage tanks for reactant and 

product.  

The last part of the thesis is a written and video manual with the summary of the modeling 

instructions in the 3D CAD software that was chosen for recreational purposes. The written 

and video manuals are separate files that can be found in the appendices. 

Power-to-X summarizes the synthesis routes of renewable hydrogen and captured carbon 

dioxide and their various applications. Methanol is one of the most important chemicals in 

the chemical industry and is usually synthesized with fossil-based syngas. PtMeOH is a 

renewable alternative methanol production route using syngas produced with renewable H2 

and captured CO2. (Francesco Calise et al., 2019) 
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1.1  Background and Aim 

Digital process plants can support the analysis and improvement of unit processes. It 

supports the quality of the component testing, the techno-economic analysis of process 

chains, and the co-creation and co-innovation. In addition, digital process plants can be 

utilized in student laboratory works, and in the training of personnel regarding of operation 

and safety.  

The aim of the applied part of this thesis is to test 3D CAD software in the context of P2X 

processes and to select a most suitable one for its implementation in the LENS and LES 

departments of LUT. For this purpose, two 3D P2MeOH process plant models are drawn 

based on their Aspen Plus simulations with the selected software. In addition, the modeling 

knowledge required in this thesis is to be secured in the form of a written and video manual 

for reproducibility. 

The background of this thesis lies in the desired digitalization of the LUT P2X research with 

the end goal of a digital twin. One of the basic requirements here for is the digital 

representation of the processes, thus a 3D model. The testing and implementation of 3D 

modeling software is the basis for this aim. 

1.2  Objective and Sope of the Research 

The main objective of this thesis is to create a preliminary 3D model of the planned new 

P2X laboratory of the LUT School of Engineering Sciences and School of Energy Systems. 

Furthermore, this thesis should provide a clear guide for the preliminary 3D layout and the 

3D CAD software selection.  

The benefits of the 3D CAD model include improved spatial understanding of the plant for 

all the researchers involved in the project, early identification of potential obstacles before 

construction, increased efficiency through optimal use of space, and therefore cost savings. 

In addition, the visualization is a remarkable representation of the new P2MeOH project and 

leaves a lasting impact when presented outside of LUT University. The benefit of the guide 

is to ensure the reproducibility of the 3D CAD knowledge achieved in this thesis for possible 

future projects. 
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The scope of research is the preliminary design in process plant design as the basis of 

preliminary 3D CAD modeling, which that is the main purpose. Therefore, the equipment is 

not sized in detail, but by using simulation tools and rule of thumb. In further, 3D CAD tools 

and their purpose are reviewed. 

1.3  Research Questions 

There are three research questions in this master’s thesis: 

(1) What preliminary plant design topics are necessary for 3D plant modeling? 

• Why are these preliminary design phases required for the 3D plant layout? 

(2) What 3D CAD software should be implemented for 3D modeling? 

• Which software is the best suitable for this P2X project? 

• Which software is the most user-friendly? 

(3) What is the optimum way to summarize the 3D modeling for the purpose of 

reproducibility? 

1.4  Structure of Work 

This thesis is divided into a literature review and an applied part. The literature review covers 

the preliminary plant design stages. In addition, the preliminary 3D CAD modeling of 

process plants and the available software for it are introduced. Further, the advantages and 

challenges of 3D plant design are discussed. 

The applied Chapter covers the application of the 3D design steps presented in the literature 

review to the two Aspen Plus PtMeOH simulations to obtain a 3D visualization of these 

plants. This includes the preliminary equipment sizing and defining their relationships. With 

this analysis of the plant characteristics, the initial plant layout and then analysis of 

alternative layouts are carried out using the CRAFT algorithm. The most efficient and user-

friendly 3D CAD software is selected by visualizing the first PtMeOH Aspen Plus simulation 

in the three 3D CAD software to be compared (OptiPlant, AutoCAD Plant 3D, and 

OpenPlant Modeler) and the selected one is implemented. The second PtMeOH Aspen Plus 
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simulation is 3D modeled with the selected software. The modeling steps are simplified and 

summarized in a manual for future modeling of other (P2X) process plants. 

In the last part of the thesis, the results are presented and discussed. In addition, 

recommendations for future optimization of the 3D visualization process are presented. 

LITERATURE REVIEW 

2  Introduction to Power-to-X (P2X) 

Extreme weather events caused by climate change negatively affect people’s lives and the 

economy of the European Union (EU). The economic loss over the last 40 years is around 

€487 billion and about 138 000 EU citizens have died due to extreme weather events. 

Therefore, the European Climate Law states that the EU must reduce its greenhouse gas 

(GHG) emissions by at least 55 % by 2030 and that the EU must become climate neutral by 

2050. (European Council, 2024)  

To do this, it is crucial to look at the emissions of the different industrial sectors. The largest 

share of the global carbon dioxide emissions in the EU in 2021 originated from the power 

industry, the transportation sector and industrial combustion (Statista, 2022). Here, the 

carbon emissions can be reduced by replacing fossil-based energy sources and raw materials 

with PtX technologies.  

The PtX technologies are based on renewable hydrogen production (Power-to-H2) and 

carbon capture (CO or CO2). The renewable H2 can be used either as an energy storage or as 

a direct energy carrier (power-to-power). Other applications of hydrogen in combination 

with captured carbon include the formation of renewable syngas (power-to-gas), renewable 

olefins and polymers (power-to-chemicals), or renewable liquids such as methanol, other 

alcohols and DME (power-to-liquids). (Francesco Calise et al., 2019) 
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2.1  Power-to-Methanol (PtMeOH) 

Methanol (MeOH) is one of the most important and versatile chemical raw material. 

Approximately 70 % of the methanol produced is used for chemical synthesis, such as 

formaldehyde, MTBE, acetic acid, DME, propene, DMT, olefins, and more. In addition to 

that, the interest in methanol as a liquid fuel and an energy carrier has increased due to its 

advantageous characteristics such as ease of handling, existing liquid fuel infrastructure, and 

higher energy density compared to gaseous energy carriers such as hydrogen. The 

implementation of MeOH as a liquid fuel can reduce the CO2 emissions by up to 95 % 

compared to the fossil-based fuels. (Ott et al., 2012; Mbatha et al., 2021; Methanol Institute, 

2024b, 2024a) 

The following Chapter summarizes the conventional methanol production, the PtMeOH 

process, and the advantages and challenges of the technology. 

2.1.1  Thermodynamics and Kinetics 

Methanol is traditionally produced from syngas, which is typically derived from natural gas 

(CH4) or other fossil-based higher hydrocarbons, such as liquefied petroleum gas (LPG) and 

naphtha.  

The natural gas is converted to syngas, which consists primarily of carbon monoxide (CO), 

carbon dioxide (CO2) and hydrogen (H2), by the highly endothermic steam reforming 

reaction in Eq. (1). Some of the CO formed during the steam reaction also reacts with the 

steam to form CO2 via the water-gas shift (WGS) reaction in Eq. (2). The catalyst used for 

this conversion is Cu/ZnO at a temperature of 200-250 ℃ and a pressure of 50-100 bar. (Ott 

et al., 2012; Maksimov et al., 2022; ChemEurope, 2024b)  

CH4 + H2O ⇋ CO + 3H2          𝛥𝐻𝑟 = 206 kJ/mol (1) 

CO + H2O ⇋ CO2 + H2          𝛥𝐻𝑟 = −41.21 kJ/mol (2) 

The CO and CO2 are converted to MeOH by hydrogenation (Eqs. (3) and (4)): (Ramadhas, 

2011; Ott et al., 2012; Nieminen, 2016) 
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CO + 2H2 ⇋ CH3OH          𝛥𝐻𝑟 = −90.77 kJ/mol (3) 

CO2 + 3H2 ⇋ CH3OH + H2O          𝛥𝐻𝑟 = −49.16 kJ/mol (4) 

The optimal conditions for CO and CO2 conversion are lower temperatures and higher 

pressures. This can also be seen from the reaction equilibrium (Eqs. (3) and (4)) and can be 

explained by the Le Chatelier principle. The hydrogenation reactions are exothermic, and at 

lower temperatures the equilibrium shifts toward heat, which is the MeOH side of the 

reaction. At high pressure, the reactions shift to the side with lower moles, to occupy less 

volume. (ChemEurope, 2024a) Although lower temperatures are preferred for MeOH 

synthesis according to the Le Chatelier principle, the Arrhenius law states that higher 

temperatures increase the reaction rate. (Britannica, 2024) Therefore, a compromise between 

kinetics and thermodynamics is required for MeOH formation.  

The traditional methanol production route described above, shows in Eq. (4) that CO2 can 

be directly hydrogenated. The direct hydrogenation of CO2 represents a non-fossil based 

alternative to the traditional methanol production from syngas, but the reaction mechanism 

and suitable catalyst need to be further investigated (Maksimov et al., 2022). The main 

challenge arises from the reaction equilibrium described above. The formation of water on 

the product side leads to increased hydrogen consumption and lower equilibrium conversion 

and space-time yield. (Nestler et al., 2018; Maksimov et al., 2022) Also, the water produced 

in direct CO2 hydrogenation acts as an inhibitor on the active metal catalyst, leading to 

catalyst deactivation. Therefore, it is suggested to remove the by-product water during the 

reaction process using a membrane reactor or an adsorption column to overcome these 

obstacles. (Maksimov et al., 2022) 

2.1.2  Stoichiometry 

For the MeOH synthesis it is important to choose the right composition of the syngas 

components for the methanol synthesis. Eq. (5) shows the stoichiometry number S as a 

function of the syngas components H2, CO, and CO2 given in volume percent: 

S =
[H2] − [CO2]

[CO] − [CO2]
 (5) 
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The stoichiometric number of the syngas for methanol production must be slightly greater 

than 2.0. A higher stoichiometric number indicates an excess of H2, and a lower number 

indicates a deficiency. Methanol formation is an equilibrium reaction and in case of a 

deficiency, the selectivity towards MeOH will decrease significantly and the selectivity 

towards H2 and CO or CO2 will increase significantly. An excess of H2 will not decrease the 

selectivity towards MeOH but will cause an accumulation of H2 and an increase in the 

synthesis loop, i.e., a lower equilibrium conversion and space-time yield. The WGS shift 

reaction (Eq. (2)) can be used to adjust the amount of H2 present. (Ott et al., 2012; Nieminen, 

2016) 

 

2.1.3  Catalyst 

The most commonly used catalyst for the MeOH formation in industry is CuO/ZnO/Al2O3 

based, and the composition varies depending on the manufacturer (Bozzano and Manenti, 

2016). It is well known that all three elements are essential for activity, stability, and 

selectivity. However, the exact mechanism of the catalyst and the influence of CO2 are still 

debated. In general, it is believed that the presence of CO2 is beneficial for the catalyst 

activity, but lowers the activity at high concentrations. (Ott et al., 2012; Bozzano and 

Manenti, 2016) It is important to note that the catalyst is highly temperature sensitive, and 

the presence of sulfur and chlorides can poison the catalyst. The normal lifetime of the 

catalyst is two to five years, which should be maintained in order not to increase the cost of 

methanol production. (Ott et al., 2012) 

2.1.4  Traditional and CO2 based Methanol Synthesis 

The traditional Low Pressure (LP) methanol synthesis was common until 1997 and had a 

production capacity of 500 - 3000 t/d. In Figure 1, the fresh syngas is compressed, sent to 

the heat exchanger, and reacted at 200 - 300 ℃ in the reactor. The gas mixture of water, 

methanol, and unreacted syngas is sent back to the heat exchanger, then flashed and the crude 

methanol, water, and methanol mixture, is sent to distillation. The conversion rate of this 

process is about 50-80% in one pass, depending on the composition of the syngas and the 



9 

 

process chosen. Therefore, the unreacted gas is recycled back to the reactor. The fresh syngas 

stream is matched to the recycle stream to maintain the required stoichiometry. (Ott et al., 

2012)  

 

Figure 1: Methanol synthesis flowsheet – Left traditional synthesis (Ott et al., 2012) and 

right crude methanol distillation column (Dieterich et al., 2020) 

The CO2 based methanol synthesis with water removal by adsorption, called Adsorption 

Enhanced Synthesis (SE), is a novel non-fossil-based synthesis approach. The article 

(Maksimov et al., 2022) suggest the flow sheet shown in Figure 2. The inlet consisting of 

H2, and CO2 is pressurized (1), heated (4), and fed into the adiabatic and quasi-isothermal 

SE reactor (5). The SE reactor contains the catalyst-adsorbent mixture. Water is removed 

from the adsorbent with nitrogen (purge gas), which regenerates the adsorbent. The reaction 

is exothermic, and this heat is integrated into the process with a heat exchanger (2), that heats 

the SE reactor inlet stream. After the heat integration, the product stream is cooled (3) and 

fed into the high-pressure flash drum (6) where MeOH and reactant are separated. The top 

product of the flash drum is unconverted reactant and is therefore recycled. The bottom 

product of the flash drum consists of methanol and traces of reactant, which is fed into the 

low-pressure flash drum, to purify the methanol. The obtained purge gas is combusted (8). 

(Maksimov et al., 2022) 



10 

 

 

Figure 2: SE Methanol Synthesis. (Maksimov et al., 2022) 

The investigation done by (Maksimov et al., 2022) suggests that the optimal temperature for 

the SE synthesis is around 215-235 ℃ and the optimal catalyst mass fraction value is about 

0.65-0.05. This study was able to obtain a methanol production rate of 0.44-0.45 kg/min with 

a purity of 99 wt%. The pressure of the SE reactor depends on the process step. In Figure 3, 

the pressure increases linearly with the inlet flow during the reactor pressurization (1) and 

remains constant during the reaction (2). After the reaction, the reactor is depressurized (3), 

which is characterized by a linear decrease in pressure. Finally, the adsorbent in the reactor 

is regenerated (4) and the pressure remains constantly low. 

 

Figure 3: SE reactor pressure development during different process stages. (Maksimov et 

al., 2022) 
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3  Chemical Process Design and Plant Layout Modelling 

Chemical process design and the and 3D plant layout modeling of the plant build upon each 

other. Equipment relationships and material flow, usually evaluated with process simulation 

tools, lead to the relationship diagram, i.e., the material flow in the process plant. This, 

combined with the space requirements of the equipment, which can also be obtained by 

simulation tools or with rule of thumb in the preliminary design, helps to create the required 

plant area size and its layout. From this initial layout, alternative layouts are developed and 

evaluated to select the best suitable layout for the project (Moran, 2017).  

3.1  Process Block Diagram and Flowsheet  

The Process Block Diagram (PBD) is often used in reports, books, and presentations to 

simplify the process by breaking it down into its major steps. The PBF has limited process 

information, and therefore a limited use for engineering. (Sinnott, 2009; Sutton, 2017) 

 

Figure 4. Process Block Diagram Example. (Sutton, 2017) 
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The PBD displays the process in its main operation units, as shown in Figure 4. The blocks 

contain the group number of the operation unit, but not the individual equipment number. 

The feed and product streams contain the mass flows, and the other streams only contain the 

stream contents. (Sutton, 2017) The PBD unit blocks follow the order of the process and 

gravitational flow from left to right, i.e. streams enter from left to right, liquids exist from 

the bottom of a block and gases exit from the top of a block. (Sutton, 2017) 

The PBD can be used to generate the Process Flow Diagram (PFD), which shows the mass 

and flow balance and the function of the process equipment (Towler and Sinnott, 2021). The 

PFD contains more process and engineering information than the PBD, such as process 

piping, equipment, bypass and recirculation, control valves, and process critical block valves 

(Sutton, 2017). Plant drawings are standardized. Different organizations create standards, 

but the most used one in Europe is the ISO standard from the International Organization for 

Standardization (ISO), which sets specifications for different industries and products. 

Standardization of processes improves the overall safety and efficiency of processes and 

products by making them consistent (Jim Wilber, 2024; ISO, no date a). The ISO 10628 

standard defines the rules for chemical and petrochemical flow diagrams and their depiction 

(ISO, no date b), and is found in commonly used PFD drawing software, such as Microsoft 

Visio. The PFD is based on the mass and energy balance of the process simulation (3.2 

Process Simulation), and it may be tempting to use the layout of the process simulation 

software rather than the PFD drawing software, but the simulation may include equipment 

that is not in the physical plant, or vice versa, resulting in an incorrect PFD (Towler and 

Sinnott, 2021).  

Figure 5 shows the PFD of the CO2 Hydrogenation to Methanol process as an example 

flowsheet. All the process equipment is shown in the PFD and the streams are numbered and 

follow the flow of the actual process. In addition, the stream table with the total stream flow 

rate, molar composition, the stream temperature, and the operating pressure must be 

provided either directly below the layout in the same drawing or, if the drawing becomes too 

crowded, in a separate table that is then provided directly below the PFD. (Towler and 

Sinnott, 2021) 
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Figure 5: PFD example - Gas-phase CO2 hydrogenation to methanol process. (Nieminen, 

Laari and Koiranen, 2019) 

3.2  Process Simulation 

Process simulation can be used either to simulate an existing process or to design a new 

process. In process design, simulation is used in the conceptual design phase, where different 

variations and alternatives of the process can be studied, and the most suitable design can be 

found. The simulation mathematically represents the process and predicts the performance 

of the process under defined operating conditions. Based on the simulation and the obtained 

mass and energy flows, the PFD sheet (3.1 Process Block Diagram and Flowsheet) can be 

drawn. It should be noted that the simulation may differ from the real PFD because the unit 

operations in the simulation may combine several blocks. (Foo et al., 2017; Haydary, 2019; 

Towler and Sinnott, 2021) 

There are two types of process simulation software, those that use the Sequential Modular 

(SM) approach and those that use the Equation-Oriented (EO) approach. The EO approach 

describes the process in terms of multiple equations that are solved simultaneously and is 

therefore typically used for operations with changing mass and energy balances over time 

(unsteady-state operations), i.e., dynamic simulations. It also converges faster than SM-

based simulations since it is not an iterative approach. However, multiple equations make 

troubleshooting more difficult and not as robust as SM-based simulations and therefore EO-
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based simulations are not always favored in commercial software. (Foo et al., 2017; Towler 

and Sinnott, 2021)  

The SM technique solves the process unit modules step-by-step and iteratively. Each module 

converges on the input data and then outputs the output data used by the next module as 

input data. This is repeated until the flowsheet is converged. The SM approach is easy to 

understand but can be complex if the process contains many recycle streams because the 

modules are interdependent. In addition, due to the modular nature of the SM approach, the 

process conditions such as, temperature, pressure, flow rate and other parameters are fixed 

in time, which is why it is mostly used for steady-state simulations. Theoretically, dynamic 

process simulations can also be solved with SM solvers. The result of an analysis at one 

point in time is used as input for the next point in time to obtain a dynamic simulation. This 

approach to solving dynamic systems is time consuming, and therefore the faster EO 

approach is preferred over the SM approach for dynamic processes. (Hillestad and 

Hertzberg, 1986) (Foo et al., 2017; Towler and Sinnott, 2021) 

Steady-state may also be simulated with the EO approach, but solving the system at once in 

steady-state is very difficult because the unit models require a good starting point close to 

the solution to solve the equations, which is difficult to find. Therefore, instead of solving 

the whole system with the EO approach, it is recommended to use the SM approach for 

steady-state simulations. (Kang, Luo and Yuan, 2022) 

The most commonly used process simulation software are shown in Table 1, which lists the 

name of the software, the type of simulation (steady-state or dynamic), and the source, i.e. 

the software company. 
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Table 1: List of most known process simulation software. (Towler and Sinnott, 2021; 

AVEVA, 2024c, 2024b; Chemstations, 2024) 

Name Type Source 

Aspen Plus steady-state Aspen Technology Inc. 

Aspen HYSYS steady-state and dynamic Aspen Technology Inc. 

Aspen Dynamics dynamic Aspen Technology Inc. 

PRO/II and DYNSIM steady-state and dynamic AVEVA Group Limited 

CHEMCAD steady-state Chemstations Inc. 

UniSim Design steady-state and dynamic Honeywell Inc. 

Design II steady-state and dynamic WinSim Inc. 

Commercial software typically follows the basic structure shown in Figure 6. To solve a 

simulation problem, the basic information and the thermodynamic model must first be 

selected from the component and thermodynamic databases. Next, the flowsheet can be 

created using the flowsheet builder and the unit operations database. Finally, the flowsheet 

solver converges the simulation. In addition to these basic elements, depending on the 

software, other elements may be available, such as economic analysis tools, energy analysis 

tools, subflowsheets, or similar. If a special element is a needed, it should be checked 

beforehand which software provides it. (Foo et al., 2017) 

 

Figure 6: Basic solving structure of a process simulation software. (Foo et al., 2017) 
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3.3  Process Instrumentation Diagram 

The Piping and Instrumentation Diagram (PID) is a detailed 2D representation of equipment, 

instruments, piping, valves, fittings, control loops, and their arrangement in detail. This 

makes it one of the most important installation and commissioning documents in plant 

process design. Each equipment, pipe, valve, pump, and control loop require an 

identification number, location, and piping connection. As a result, the development of a 

PID is very knowledge- and time-intensive because it combines several engineering 

disciplines, for example instrumentation, control, and apparatus, and safety engineering. 

(Uzuner and Schembecker, 2012; Towler and Sinnott, 2021; Nevada Technical Associates, 

2023) 

One of the most used standards for PID is ANSI/ISA 5.1-2009, which is given by the 

Instrumentation Systems and Automation Society Consistent. The standard used may vary 

from company to company or country to country. Standards provide understanding across 

disciplines and organizations. (Towler and Sinnott, 2021; Nevada Technical Associates, 

2023) The main Finnish standard used for PIDs is SFS-EN ISO 10628-1:2014, which is the 

Finnish adoption of the European standard EN ISO 10628-1:2014 (ISO, no date c). 

The PID contains a lot of information about the process. Process equipment includes items 

such as reactors, heat exchangers, pumps, compressors, and tanks. Piping includes the pipes 

that transport materials between equipment with the direction of the flow. Valves control the 

flow of materials through the piping and the function of the valve is given, such as control 

valve, safety valve, or similar. Instruments measure and control process variables such as 

temperature, pressure, and flow rate. Control systems use the information from the 

instruments to regulate the process variables and ensure that the process operates safely and 

efficiently. The PID serves as a basic resource for the detail design, procurement, 

construction, and commissioning of a plant. (Nevada Technical Associates, 2023) Figure 7 

shows a PID of a storage tank with a pump according to EN:ISO 10628-1 as an example. 
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Figure 7: PID of a storage tank with a pump with symbols according to EN ISO 10628. 

(Napiórkowski, 2018) 

3.4  Plant Layout 

The design of the plant layout is an important step as it affects approximately 70 % of the 

plant cost. The cost is influenced by several factors such as affordable capital and operating 

costs. Product specifications must be met with minimum operating, control, and 

management costs, while still being safe for operators and the plant environment. In addition 

to the cost factors, the plant layout must meet health, safety, and environmental 

requirements. There must be egress for operators and ingress for safety personnel, such as 

firefighters. In addition, the plant physical and mental health of plant workers must be 

protected from harm, as well as the health of civilians by maintaining a distance from 

residential areas. The public must not only be physically protected, but also have a sense of 

safety through a harmonious design. Also, robustness is an important design parameter. The 

placement of equipment must support the product and operational specifications. This means 

that equipment must be placed so that it will not malfunction due to misplacement, such as 

following gravity flow. Future considerations, such as plant expansion, must also be 
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considered. This leads to the next factor, the selection of the plant site and its natural 

environment, which must provide a sufficient and safe area for the plant. When selecting a 

site, characteristics such as wildlife, topography, air quality, water supply, wind direction, 

climate, and the like must be considered. In addition, the chosen site and its natural 

environment may also affect regulatory approvals. Plant emissions and required waste 

treatment should be considered early in the siting process. Therefore, the plant layout is an 

important part of the plant design and affects all aspects of the plant and should be well 

planned. (Moran, 2017) 

3.4.1  Equipment List and Storage 

Before the constructing the plant layout, i.e. the equipment arrangement, the equipment must 

be compiled into a list that describes each component with the following factors (Baasel, 

1990): Type of the equipment; size and/or capacity of the equipment; material of the 

equipment; operating pressure; maximum and minimum operating temperature, if changing; 

insulation requirements; corrosion occurrence; special features or conditions of the 

equipment, such as heat jacket or buried storage tank. 

An example of this specification for an equipment would look like this (Baasel, 1990): 

V-01 Horizontal Methanol Storage Tank. 76 m3, 3.35 m diameter, 9.5 m long, carbon 

steel, 1.8 kg/cm2, no insulation  

Accurate equipment sizing is done by sizing experts, not the process plant designer. 

Equipment sizing is very time intensive and costly. (Baasel, 1990) Plant equipment is 

divided into two categories: proprietary and non-proprietary equipment. Proprietary 

equipment includes pumps, filters, centrifuges, dryers, and compressors, which are typically 

sold as standard items from the manufacturer. Non-proprietary equipment, such as reactors, 

heat exchangers, columns, are not standard items and are built by the manufacturer according 

to the requirements of the plant design. The process parameters of the equipment must be 

provided to the manufacturer. (Towler and Sinnott, 2021) Nevertheless, they are needed for 

the layout design, so the plant designer may use rules of thumb, simplified equations, 

manufacturer catalogs, or simulation software for preliminary equipment sizing. (Baasel, 

1990)  
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In addition, to the equipment in the process (ISBL), the equipment outside of the process 

(OSBL), such as storage equipment, must be considered. There are four types of storage 

groups: non-volatile liquids, volatile liquids, gases, and solids. The first is the least 

complicated storage unit. Non-volatile liquids are typically stored in standard cylindrical 

tanks up to 60 m in diameter and 30 m high. In a volatile liquid storage unit, volume changes 

can occur due to the volatile nature of the stored liquid. Either variable volume tanks, such 

as floating roof tanks, variable pressure tanks, or constant temperature tanks, such as 

underground storage, are used. Gases are stored similarly to volatile liquids, either at 

constant pressure, variable volume, or in liquefied state. (Backhurst and Harker, 1983) 

Typically, large volumes of gases are liquefied and stored under pressure. (Baasel, 1990) 

Solids are more expensive to store than liquids and are typically stored in an overhead bin 

to be fed into the process by gravity. The maximum size is therefore around 10 m in height 

and 3.5 m in diameter. Some solids do not flow well, so a cone with an angle of 30-45 

degrees is added to the outlet. (Backhurst and Harker, 1983) 

3.4.2  Process Equipment Placement and Spacing 

The process equipment can be arranged using the Equipment List (Chapter 3.4.1 ) and the 

PFD (Chapter 3.1 ) (Moran, 2017). The equipment in the process area can be arranged in 

either a grouped layout or a flowline layout. The grouped layout arrangement places all 

similar equipment together, for example, all process pumps in the same area. This has the 

advantage of requiring fewer operators and is typically used for large plants. Flowline layout 

is the placement of equipment according to the flow sheet. This minimizes piping length and 

energy loss, or if multiple products are processed in one plant, potential contamination, for 

instance in the pharmaceutical industry. This layout is typically used for smaller plants. In 

addition, both layout methods can be combined. (Baasel, 1990) 

Once the layout arrangement has been selected, the spacing of the equipment must be 

considered. This is important because each piece of equipment requires maintenance, i.e. it 

should be accessible, and it requires a safety distance. (Schmidt-Traub et al., 1998) General 

spacing rules of thumb for the preliminary layout are shown in Table 2. 
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Table 2: General spacing rules for the preliminary layout.(Backhurst and Harker, 1983) 

 Horizontal [m] Vertical [m] 

Main road to plant limits 9.2 5.5 

Access ways to plant limits 7.6 4.9 

Railways to plant limits 15.3 7.0 

Overhead pipe racks:   

    Main 4.6 4.9 

    Secondary 3.1 3.7 

    Others ⸻ 2.1 

Clearance between:   

    Pumps < 19 kW 2.5 3.7 

    Pumps > 19 kW 3 4.3 

    Compressors and other items 10 As required by maintenance 

    Adjacent vertical vessels  10 ⸻ 

    Adjacent horizontal vessels   

        < 3.1 m in diameter 4 1.2 

        >3.1 m in diameter 8 ⸻ 

    Horizontal heat exchangers 4 0.92 

    Fired heater and other items 50 ⸻ 

    Control room and main plant 30 ⸻ 

In addition, some process plant equipment processes hazardous materials or is explosive and 

requires a greater safety distance from other equipment than that shown in Table 2 (Baasel, 

1990). Process units are classified into moderate, intermediate, and high hazard groups. The 

classification guideline can be found in (AXA XL Risk Consulting, 2020). It should be noted 

that this guideline is suitable for preliminary spacing of the process equipment but does not 

replace the safety studies in the detailed plant design phase. 

Pumps and compressors handling flammable chemicals should not be grouped together, and 

should not be located under piperacks, vessels, and air-cooled heat exchangers. In addition, 

pump drives should be placed perpendicular to the piperacks and any other equipment, in 

case the pump seal fails. Compressors must be located 30 m downwind of fired heaters and 

7.5 m from other equipment. Heaters and furnaces must be in a corner or separated from the 
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equipment. In general, flammable chemicals should not be stored within the process 

production unit. If the required separation for a high hazard unit is not physically achievable, 

it must be separated with blast resistant walls. (AXA XL Risk Consulting, 2020) In the 

preliminary plant design stage, the rules of thumb for the minimum hazardous distance 

shown in Table 3 can be used. 

Table 3: General rules for the minimum distance between hazardous equipment. 

(Backhurst and Harker, 1983) 

Hazard Recommended Spacing [m] 

Medium flammability/pressure 15-31 

High flammability/pressure 31-46 

Direct fired boilers and furnaces 15-31 

Flare stacks 31-37 

Loading facilities 15-31 

Public roads/railways 31 

Cooling towers 31 

Storage tanks 23-31 

Figure 8 and Figure 9 shows the spacing of hazardous equipment within the process plant 

(Intra-Unit) and the distance between units (Inter-Unit). It can be used for preliminary 

process equipment spacing. (AXA XL Risk Consulting, 2020) The distance unit of the 

diagram is given in feet, which is equal to 0.305 meters. To determine the safety distance 

between the units, the number connecting them is selected, i.e., the number that is shared by 

the units in the diagram. The first number of a unit is always the safety distance between the 

units of the same type. 
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Figure 8: Intra Unit Spacing hazard recommendations for oil and chemical plants. (AXA 

XL Risk Consulting, 2020) 
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Figure 9: Inter-Unit Spacing hazard recommendations for oil and chemical plants.(AXA 

XL Risk Consulting, 2020) 

3.4.3  Qualitative Layout Planning 

There are different methods for constructing the plant layout and placing the process 

equipment. A selection of these methods is described below. The equipment is represented 

by numbers or capital letters and the equipment is not further defined, i.e., these numbers 

are placeholders to explain the methods. 
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Figure 10: Systematic layout planning (SLP) (Suhardini, Septiani and Fauziah, 2017) 

The Systematic Layout Planning (SLP) consists of three main steps that build on each other, 

as shown in Figure 10. The first step includes analyzing the process material inputs and the 

equipment relationships, which is required to create the Relationship Diagram, shown in 

Figure 11. In this diagram, the equipment is arranged according to the material flow and 

their relationship to each other in a Relationship Diagram, as shown in Figure 11. The 

different types of connecting lines represent the relationship of the equipment and show the 

value of the closeness: the dotted line shows an undesirable closeness, the dashed line 

indicates that a normal closeness is acceptable, the solid lines show that the closeness is 

especially important, and the thick solid line represents absolutely necessary closeness. The 

reason for the different closeness of the equipment can be the material flow of the process, 

safety reasons, maintenance reasons, or similar. (Tompkins, 2010; Suhardini, Septiani and 

Fauziah, 2017) 
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Figure 11: Relationship diagram with equipment represented by numbers. (Tompkins, 

2010)The next step is to create the Space Relationship Diagram shown in Figure 12. Here, 

the area size required for each equipment is added to the Relationship Diagram. Knowing 

the placement and the required area size for each equipment allows the production area 

size to be determined. (Tompkins, 2010)

 

Figure 12: Space relationship diagram. (Tompkins, 2010) 

The relationship diagram can be drawn as a Block Layout as shown in Figure 13 (a). Based 

on this, the blocks (equipment) can be rearranged to create alternatives as shown in Figure 

13 (b) and (c), but the relationship of the equipment to each other must be respected. 

(Tompkins, 2010) 
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Figure 13: Block layout of the process with the initial layout (a) and alternatives (c). 

(Tompkins, 2010) 

The Guillotine Induced Cuts (LOGIC) is another method of placing the equipment in the 

plant area. Figure 14 shows the layout created by separating the equipment with a layout cut 

tree. First, the departments or units to be fixed or variable are defined fixed and cut 

accordingly, for example, A and G are separated for safety reasons. Then the first cut is made 

either horizontally (h) or vertically (v) and the separated equipment is either west (W), north 

(N), east (E), or south (S). The next layer of the cut tree shows the units in their cardinal 

direction. This is repeated until each unit is separated, i.e. the location of each equipment in 

the area is defined (Tompkins, 2010). 



27 

 

 

Figure 14: LOGIC layout cut tree.  (Tompkins, 2010) 

The layout obtained from the cut tree is converted to a block diagram in Figure 15. Here, the 

required areas of each equipment (represented by the blocks) are added to the diagram and 

the required area is obtained by the sum of them (Tompkins, 2010). To generate layout 

alternatives, the cuts and directions in the LOGIC cut tree can be varied. (Tam, 1992) 

 

Figure 15: Layout obtained from LOGIC layout cut tree.  (Tompkins, 2010) 
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3.5  Quantitative Layout Planning and Evaluation  

Quantitative Layout Planning and Evaluation is based on computer algorithms (Tompkins, 

2010). Although the qualitative methods presented above are very useful, they are usually 

based only on the unit relationship and the experience of the planner. Thus, the accuracy of 

the layout problem can be increased by mathematical models. (Apple, 1977) 

3.5.1  CRAFT Algorithm 

One algorithm that can be used to evaluate the layout is the Computerized Relative 

Allocation of Facilities Technique (CRAFT). CRAFT calculates the relation between the 

process material flow, the centroids of the equipment, and the material handling costs to 

determine the overall cost of the facility.  

The calculation starts with an initial layout and first the centroids of the units are determined. 

The centroids are calculated by the Euclidean distance if a straight connection between the 

units is possible. In chemical plants, the rectilinear distance is more suitable, since the 

connection between the units is mostly through pipes and therefore the units are not 

connected in a straight line, but rectilinear. (Jensen, no date) (Apple, 1977) 

The rectilinear distance i.e., the Distance Matrix is determined with Eq. (6): (Prasad, 

Rajyalakshmi and Reddy, 2014)  

Dij = |x(i) − x(j)| + |y(i) − y(j)| (6) 

x(i) = x-coordinates of the unit centroid 

y(i) = y-coordinates of the unit centroid 

The product flow matrix F defines the material flow between the departments or equipment. 

The material handling cost C is the transportation cost between the units, i.e., the material 

handling cost per unit of flow per unit of distance traveled between departments.  

The material handling cost is calculated for each equipment pair. This cost is a function of 

the distance between the equipment and the frequency of material transfers (Flow Matrix Fij) 

between them. For example, if equipment i and j are 10 meters apart and material is 
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transferred between them 4 times, the C would be 10 meters x 4 transfers x a cost per meter 

and transfer (e.g., 10 EUR/m x 4 transfers = 52 EUR). 

The transfer cost (Cost Matrix Cij) between the equipment may not be clear in the context of 

chemical plants at first glance since the material typically flows through pipes and no direct 

transportation costs are involved. The algorithms for generating an optimal plant layout, such 

as CRAFT, are not exclusive to chemical plants. For example, CRAFT has been used in the 

optimization of a wooden door panel manufacturing factory, where the wood is physically 

transported between departments, and therefore the material handling cost C is an important 

factor in the calculation of TC (Bunterngchit, no date). The material handling cost C for 

chemical plants is not explicitly defined in the literature in the context of CRAFT. It can be 

assumed, that the handling cost is fixed, and the optimal layout of the process plant depends 

on the flow matrix and the distance matrix. This assumption was also applied to the 

experimental part of this thesis. 

The total handling cost TC is the sum of the material handling cost for all equipment pairs. 

Therefore, it represents the total cost of moving materials between equipment in the layout. 

The equation of the total handling cost TC of the layout is shown in Eq. (7): (Prasad, 

Rajyalakshmi and Reddy, 2014; Mundra, 2017) 

TC = ∑ ∑ Dij × Fij × Cij

n

j

n

i

 (7) 

n = number of units 

Dij = Distance Matrix 

Fij = Flow Matrix 

Cij = Transfer Cost Matrix 

After calculating the TC of the initial layout, the algorithm swaps the location of the unit 

pairwise and repeats the TC calculation until the TC of the layout is minimized as much as 

possible. This iterative cycle is repeated until the TC is no longer reduced by swapping units, 

i.e. the optimal layout with minimum TC is found. (Mundra, 2017; Department of 

Mechanical Engineering, College of Engineering and Technology, Bhubaneswar et al., 

2019) In other words, the optimized layout is the one that results in the lowest TC. This 

layout is designed to minimize the distance between equipment, reducing the material 

handling costs and increasing efficiency. 
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The TC in the CRAFT algorithm is directly related to the layout and equipment distances. 

The algorithm calculates the distances between equipment and the frequency of material 

transfers, then uses these values to determine the material handling cost. By minimizing this 

cost through iterative rearrangements of equipment, the CRAFT algorithm optimizes the 

layout to reduce material handling costs and increase efficiency. 

The CRAFT calculations can be performed using the Facility Layout Excel add-in and 

template, which was developed by (Jensen, no date). The Excel calculation requires the 

following inputs: 

- Area of each unit and number of units 

- Dimensions of the process unit area in length and width 

- Product flow between the units 

- (Material handling costs of the units) 

3.5.2  ALDEP and CORELAP Algorithm 

The Automated Layout Design Program (ALDEP) constructs a facility layout based on the 

area size and the weighting factors of the units to be placed. The weighting factors define 

the desired closeness of the units. (Mecklenburgh, 1985)  

The algorithm does not require an initial layout and starts the layout construction by placing 

a random unit. The unit with a high desired proximity, defined by the weighting factors, is 

positioned next to the initially placed unit. If no relationship to this unit is defined, a random 

unit is selected. The next neighboring unit is selected in the same manner. This procedure is 

repeated until all units are placed in the facility. After a layout has been built as described, 

alternatives are generated and scored according to the predefined relationship, i.e. weighting 

factors, and the layout with the highest score is selected. (Apple, 1977; Mecklenburgh, 1985) 

ALDEP can be used for facilities with three different floor levels and unequal sizes of units. 

It is therefore suitable for multiple floor facilities. This algorithm does not consider the 

process flow. (Apple, 1977) 

The Computerized Relationship Layout Planning (CORELAP) algorithm is based on the 

same principles as ALDEP. The difference between them is that this algorithm does not 
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include randomness. The unit with the highest weighting factor, i.e., the unit with the highest 

number of desired connections to the other units, is placed first. CORELAP does not require 

alternative layouts, since the placement is based on a quantitative variable without 

randomness. (Apple, 1977) 
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4  3D plant layout 

Computer-aided design (CAD) allows a plant to be represented either two-dimensionally 

(2D) or three-dimensionally (3D). The chemical industry is a highly competitive 

environment, and it is necessary to reduce the time required for the design phase while 

avoiding design errors that can be very costly to change after start-up. 3D CAD applications 

are used to place the plants components in a spatial geometric relationship. (Fillinger, 2020)  

Modelling the plant in 3D instead of 2D allows the engineer to have a better visual 

understanding of the plant design, making it easier to identify potential design conflicts 

before commissioning. (Merchan et al., 2016; Naik and Kallurkar, 2016) 

4.1  3D CAD software 

There are different software available for the 3D plant modeling. Table 4 shows the most 

used 3D CAD software based on the project size. The literature on these software is limited 

and the summary of the advantages of each is mostly based on the statements of the software 

developers of these 3D CAD programs. (Moran, 2017) 

Table 4: Possible 3D CAD software selection based on the project size. (Moran, 2017) 

Project size Software 

Small/Medium Autodesk Plant 3D; Intergraph CADWorx 

Medium/Large AVEVA E3D; Autodesk Plant 3D; Aspen Optiplant; Bentley 

OpenPlant Modeler 

Large AVEVA E3D; Aspen Optiplant; Intergraph SmartPlant 3D 

4.1.1  AVEVA E3D 

AVEVA’s Everything3D (E3D) software is preferred by engineers for larger plant projects. 

It is applicable to design marine, power, and process plants. The User Interface (UI) is 

designed to be intuitive and straightforward, making it easy for the engineer to use and 

enhancing productivity. It is also compatible with other engineering tools, such as PID’s, 
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which supports accuracy in the 3D modeling stage. In addition, the database created in one 

project can be shared with other projects, for example, to design assemblies that will be used 

for other plant models, increasing productivity. The AVEVA E3D working environment is 

shown in Figure 16. (Moran, 2017; AVEVA, 2024a) 

 

Figure 16: AVEVA E3D Environment.  (AVEVA, 2024a) 

4.1.2  Autodesk AutoCAD Plant3D 

Engineers claim that they prefer AutoCAD Plant3D for smaller sized projects. It has the 

typical AutoCAD UI and is easy to use for engineers familiar with AutoCAD. The Plant 3D 

toolset consists of the cloud-based collaboration feature that enables design collaboration, 

democratized access to data, project activity tracking, and change analytics tracking. 

Furthermore, Autodesk claims that the drafting P&IDs in Plant 3D is quick and easy. Plant 

3D’s symbol library includes multiple standards, such as PIP, ISA, ISO/DIN, and JIS. The 

equipment library also includes standard equipment and allows to configurate units not 

found in the library, as shown in Figure 17. Autodesk claims that using this library makes 

3D modeling is fast and time efficient. (Moran, 2017; Autodesk Inc., 2024b) 
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Figure 17: Autodesk AutoCAD Plant 3D UI and equipment configuration. (Autodesk Inc., 

2024b) 

4.1.3  Hexagon CADWorx Plant 

Hexagon’s CADWorx Plant 3D software includes key futures such as auto-routing for rapid 

3D piping modeling, automatic isometrics generation, piping specifications in metric and 

imperial units, database links for bills of materials, equipment modeling capabilities, 

collision checking, and more. The software also supports the transition from PDS to 

CADWorx and provides continuous project support throughout the project execution 

lifecycle. Users can choose between BricsCAD, another CAD software company as 

Autodesk, or AutoCAD as their CAD platform. Their interfaces are similar, as shown in 

Figure 18. Additionally, CADWorx Object Enabler is available to enhance the tools within 

CADWorx for efficient deliverable creation. (Hexagon AB, 2024) 
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Figure 18: Hexagon CADWorx Plant. (Hexagon AB, 2024) 

4.1.4  Aspen OptiPlant 3D Layout 

The biggest advantage of Aspen OptiPlant is its integration with Aspen Plus. The process 

simulation can be sent directly to OptiPlant, by using the Send to Optiplant 3D button under 

the Economics tab. This automatically creates an Excel file with all the required information 

that can be imported into OptiPlant, to create a 3D layout of the process plant. Furthermore, 

AspenTech claims that OptiPlant can help identify the best design fast enough to cut 30 % 

on capital cost. Combined with Aspen’s other simulation and estimation tools, they claim to 

decrease optioneering time in half. Lastly, the piping in OptiPlant is AI-assisted, which helps 

the process designer to more accurately estimate the routing before handing it off to piping 

specialists. (AspenTech, 2024) The OptiPlant software interface is shown in Figure 19. 
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Figure 19: Aspen OptiPlant Software Interface.  (Aspen OptiPlant 3D LayoutTM Demo, 

2022) 

4.1.5  Bentley OpenPlant Modeler 

Bentley’s OpenPlant 3D Modeler, shown in Figure 20, consists of multiple features for 

preliminary 3D layout design and detailed modeling. The key function of OpenPlant is the 

ProjectWise® functionality, which allows secure sharing of files and enables different project 

divisions to collaborate on files. In addition, the history of the project is accessible and allows 

the user to return to previous versions of the project. The software alerts the engineer if issues 

with the layout occur, for example, if the PID and 3D CAD model differ at any point and 

marks the error for review. This function supports consistency throughout the project, from 

preliminary stage to detailed engineering. Furthermore, it assists the plant designer with 

automatic piping routing. This is helpful not only in the detailed engineering phase, but also 

in the preliminary phase, where pipeline placement is not the focus of the plant designer. In 

addition to the automatic piping placement, OpenPlant Modeler has an automatic component 

placement feature that positions standard units and suggests the parameters for this. (Moran, 

2017; Bentley Systems, 2022) 
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Figure 20: Bentley OpenPlant Modeler User Interface.  (Bentley Systems, 2022) 

4.2  Benefits and challenges of 3D Plant Modeling  

Evaluating 2D drawings of 3D assemblies requires good spatial thinking and experience, 

and there is always room for misinterpretation (Khatib, Chileshe and Sloan, 2007). The 

major advantage of 3D CAD over 2D drawings is the simplified visual representation of the 

plant design. The engineer can realistically evaluate the design and recognize planning errors 

that would have been missed in 2D design, such as sizing or piping errors, and correct them 

before the plant is built (Hytonen et al., 2020). This is not only more convenient for the 

engineer, but also more economical, since design errors can lead to expensive last-minute 

changes during the plant construction phase or, more severe, wrong construction, which must 

be changed after construction. Therefore, one of the advantages of 3D plant modeling can 

be summarized as minimizing the risk of misinterpretation of plant construction drawings 

and costly correction of these misinterpretations. (Khatib, Chileshe and Sloan, 2007)  

Second, there are many parties involved in the plant design phase. The 3D model allows 

these parties to work together more efficiently by visually simplifying collaboration and 

allowing changes to be seen immediately, whereas they might be missed in a 2D 

representation of the plant. (Hytonen et al., 2020)  
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In addition, the 3D model of the plant can be used for virtual walk-throughs, and plant 

operators can be familiarized with the process and the safety prior to the construction phase, 

allowing time for proper training and a quick start-up once the plant is built (Hytonen et al., 

2020). The 3D model can be used by the plant workers after start-up for maintenance and 

other daily tasks that require a good understanding of the plant (Fillinger et al., 2019).  

The 3D model can also enable cost-effective use of materials. The amount of material 

required can be automatically taken from the 3D software, and some parts, such as piping, 

can be ordered in advance of assembly, saving time. During assembly, the 3D design can be 

used as a visual construction. (Hytonen et al., 2020) Another interesting benefit is that 3D 

models can help secure fundings and impress clients and investors.  

The 3D plant modeling not only comes with benefits, but there are also challenges. One of 

these is the tight schedule of the different design stages, such as preliminary design, detailed 

design, and construction phase. The 3D modeling of a plant typically starts during the 

preliminary design stage and is constructed from that information, in which the equipment 

data that may be incomplete or subject to change. As the detailed design progresses, more 

accurate information becomes available, leading to potential changes in the 3D model. This 

may result in minor differences, for example adjusting an equipment placement, or more 

severe changes, such as reconfiguring the model layout. The consequence of this can be 

delays in the 3D modeling process and thus difficulties in meeting the project timeline, and 

resulting in increased modeling cost. (Hytonen et al., 2020) 

Implementing 3D modeling in plant design requires investment in user training, software 

selection and licensing, and, if not already available, proper hardware (Hytonen et al., 2020). 

This can lead to time and economical losses (Khatib, Chileshe and Sloan, 2007). 

Nevertheless, there are sectors available that have already implemented 3D modeling, such 

as the petroleum and steel industries.  

3D CAD systems have a library of equipment, but usually they are not complete, i.e. some 

required equipment is not included in the library, and must be build and added to the library 

manually, which requires time and expertise (Hytonen et al., 2020). The project company 

may ask the software licensor to adjust the library for a specific process, but this is expensive 

and can lead to a data leakage from the project company if the adjusted catalogue is used by 

the software company for other future libraries. Therefore, it is crucial to legally clarify at 
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the beginning of the project that the created catalog belongs to the project company and not 

to the software licensor, or that they are not allowed to use it in any other context (Hytonen 

et al., 2020).  

Most 3D CAD software lack of a standardized data transfer format and interconnectivity. 

This is usually an obstacle for large plant design projects where multiple sectors and 

engineering departments work jointly, such as piping and equipment sizing is done by 

different experts (Hytonen et al., 2020). Other sectors with established 3D construction, such 

as the automotive or marine industries, use STEP files as the standard for 3D data exchanges. 

This is only partially applicable for the process plant design because these files contain the 

end result and cannot be further processed by the plant designer, because STEP files do not 

contain the required equipment information. (Fillinger et al., 2019)  

4.3  P2MeOH 3D Model Examples 

There are a few examples of P2MeOH project plants, which are presented with 3D models 

by the project companies. In the following some examples are presented with the project 

description. The models differ in their structure. The public models are commonly used for 

advertisement, and the companies usually do not release their plant design 3D CAD models 

due to the highly competitive environment and the confidentiality of the projects. 

4.3.1  MAN Energy Solutions eMethanol Plant 

The integrated and commercial large-scale facility called Haru Oni aimed at manufacturing 

synthetic methanol is expected to produce 550 million liters of eFuels annually by 2026. 

MAN Energy Solutions is providing the methanol reactor for an eFuels trial plant currently 

under construction near Punta Arenas in southern Chile by HIF, a Chilean company 

specialized in eFuels, in partnership with Porsche AG and Siemens Energy. The plant uses 

the advantageous wind conditions in southern Chile for the Methanol production. Beginning 

in 2022, its eFuels production aims to yield approximately 130,000 liters during the pilot 

phase, with plans to scale up capacity to around 55 million liters by 2024 and eventually 

reach approximately 550 million liters of eFuels annually by 2026. Porsche's initial strategy 

involves integrating eFuels into their motorsport vehicles and Porsche Experience Centers, 
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with an initial investment of around 20 million euros. (MAN Energy Solutions, 2021) The 

3D demonstration layout of the plant is shown in Figure 21. 

 

Figure 21: 3D Layout of the Haru Oni P2MeOH plant in Chile.  (MAN Energy Solutions, 

2021) 

4.3.2  European Energy e-methanol Plant 

European Energy, a Danish energy company, is building a commercial P2MeOH plant 

powered by renewable electricity obtained from nearby solar panels by its own neighboring 

300 MV solar park. The plant uses electrolysis to produce renewable hydrogen, which is 

then combined with CO₂ from a local biogas plant. The project is expected to supply 32,000-

40,000 tons of e-methanol by 2024. Half of the annual production will be supplied to the 

Danish shipping company A.P. Moller-Maersk for its first container ship that can run on 

green methanol. In addition, Circle K, the LEGO Group and Novo Nordisk have signed 

purchase agreements. The latter two companies plan to use methanol to produce more 

sustainable plastics, while Circle K intends to offer it for road transportation. (European 

Energy, 2022; State of Green, 2023)  
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The European Energy Company’s e-Methanol plant is presented in the press with its 3D 

layout, shown in Figure 22. 

 

Figure 22: European Energy's e-methanol plant 3D layout.  (Ross, 2023) 

 

4.3.3  MKC Low-Tonnage Methanol Plant 

The company MKC focuses on constructing low-tonnage plants for methanol production 

from petroleum-based syngas. These mobile facilities are located near shale oil and gas 

fields, providing customers with competitive advantages, and reducing negative 

environmental impact by decreasing hydrocarbon flaring. The production capacity is 25,000 

tons/year with a daily consumption of 100,000 m3 of natural gas. The performance can be 

increased by adding modules. (MKC Group, 2024) 

Figure 23 shows the 3D model of the MKC low-tonnage methanol plant. Unit 1 of the model 

contains the reactor, the steam generator is located in 2, the storage tanks for methanol in 3, 

and unit 4 shows the gas treatment and purification system (MKC Group, 2024). This 
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modular plant could be used in the context of P2MeOH by replacing petroleum-based syngas 

with renewable syngas. 

 

Figure 23: MKC petroleum-based low-tonnage methanol plant.  (MKC Group, 2024) 
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APPLIED PART 

5  Preliminary Process Design based on Aspen Plus Simulations 

The preliminary process design is the first step in layout design and includes the preliminary 

equipment sizing. Equipment sizing defines the area required in the plant layout for each 

equipment of the process, and thus the sum of these unit areas determines the required 

process plant area. The resulting area is the input for the next step in layout design. The 

layout for both processes were developed using the CRAFT algorithm. The application of 

CRAFT and the reason this algorithm was chosen is explained in the next Chapter 6  

As mentioned in the introduction, the aim of this work is to select a 3D CAD software for 

the modeling of P2X process plants by comparing the 3D software. Therefore, a process 

plant must be modeled in 3D. Two PtMeOH process plants have been selected for this 

purpose. Both belong to the P2X research of LENS and LES. Thus, the Aspen Plus 

simulations of these two were the starting point for the preliminary equipment sizing in the 

context of this thesis and the flowsheets of these are shown in Figure 24 and Figure 25 below 

and also in the appendices. The Aspen Plus simulation named P2M_241023_bypass_HX2 

(Figure 24) will be referred to as Simulation 1 and the other simulation named 

Methanol_base_VBF_3 (Figure 25) will be referred to as Simulation 2 in the applied part of 

this thesis. 

Both P2MeOH simulations convert CO2 and H2 into methanol in the fluid bed reactor 

containing the catalyst. The catalyst bed voidage is 0.285 and the density 1190 kg/m2 for 

both simulations. The PtMeOH reaction and process was explained in the literature  

Chapter 2.1  above.  

Simulation 1 shows the PtMeOH process starting from the reactants with a H2 flowrate of 

590 kg/hr and a CO2 flowrate of 4291 kg/hr to the recycling of the unconverted reactants of 

the reactor outlet stream followed by the purging of the product stream. Recycling and 

purging are performed in two flash units. The product flowrate (Stream P-7) is 4796 kg/hr 

with a concentration of 0.4946 mol%, which is low. This is because Simulation 1 does not 

include the methanol purification with distillation units after the flash units. 
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Simulation 2 is more complex and includes the methanol distillation columns and heat 

integration of the process with a higher reactant flowrate. The H2 flowrate is 4638 kg/hr and 

the CO2 flowrate is 33751 kg/hr. The flowrate of the product stream (MEOH-2) is 22292 

kg/hr with a high methanol concentration of 0.9973 mol%.  

In summary, Simulation 1 contains less equipment and is less complex. Thus, it was used to 

compare the 3D CAD software. Simulation 2 was modeled using only the 3D CAD software 

that was selected in Chapter 7.1 The Aspen Plus files and stream tables for both simulations 

can be found in the Appendices. 
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Figure 24: Flowsheet of the Aspen Plus Simulation P2M_241023_bypass_HX2. 
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Figure 25: Flowsheet of the Aspen Plus Simulation Methanol_base_VBF_3. 
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5.1  Preliminary Equipment Sizing 

Aspen Plus was used for preliminary equipment sizing of the reactor and flash units. The 

heat exchanger and heater were sent to Aspen EDR for dimensioning. The dimensions of the 

compressor units were partially obtained using the Aspen Plus function  

Send to OptiPlant 3D, interpolation, and with the help of manufacturer catalogs. The Send 

to Optiplant function in Aspen Plus is a new physical sizing feature that allows users to 

directly send their Aspen Plus simulation results as an Excel file to OptiPlant for seamless 

transfer of data. The Excel file is automatically created by the function and the results are 

not displayed in Aspen Plus. OptiPlant is Aspen’s novel 3D Layout software.  

The spherical storage tanks for the gaseous H2, and the cylindrical storage tanks for the liquid 

MeOH and liquefied CO2 were scaled using the stream specifications from the Aspen Plus 

simulations and geometric equations. 

Valves and mixers were net dimensioned as units. They were integrated into the piping later 

in the 3D modeling phase. 

5.1.1  Reactor and Flash 

The preliminary sizing of vertical vessels, such as flash tanks, can be done in Aspen Plus 

with Aspen Economics. In Figure 26, Aspen Economics has been activated and evaluated 

under the Economics tab. The flash parameters, such as liquid volume, vessel diameter, and 

height, are shown under Results Summary – Equipment and Vertical vessel. 

 



48 

 

The reactor size for both simulations was predefined in the setup. The reactor size of 

Simulation 2 was shown on the left and of Simulation 1 on the right in Figure 27. 

 

 

 

 

 

 

 

 

Figure 26: Aspen Plus Economics Preliminary Equipment Sizing. 

Figure 27: Reactor dimensions in Aspen Plus 
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The reactor and flash dimensions for both Aspen Plus simulations were summarized in  

Table 5. 

Table 5: Flash and Reactor dimensions. 

Simulation 1 Diameter D [m] Height H [m] Length L [m] 

SEP1 1.0668 3.6576 - 

SEP2 1.0668 3.6576 - 

REACTOR 0.04 - 6 

Simulation 2    

FLASH-1 3.965 2.135  

FLASH-2 1.525 4.575  

WHB 3.965 2.135 - 

REACTOR 0.04 5 - 
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5.1.2  Heat Exchanger and Heater 

Aspen EDR was used to size the heat exchanger (HX) and the heater. The Heat Exchanger 

function was selected in the Aspen Plus Analysis tab. This sends the data of the HX in the 

Aspen Plus simulation to Aspen EDR, and the HX to be sized can be selected from the list 

that automatically opened, as shown in Figure 28. Once the HX was selected, the EDR 

simulation was executed and EDR sized the HX according to the specifications of its Aspen 

Plus simulation. 

The heat exchangers that were represented as heaters in the Aspen Plus simulation had to be 

converted to HX before they could be sized in EDR. The heater was converted by right 

clicking on it, selecting the Convert To option and confirming with OK. Now, the heat 

exchangers represented as heaters in the Aspen Plus simulation were also sizeable in Aspen 

EDR as described above. 

The results of the Aspen EDR HX sizing for the Aspen Plus simulations 1 and 2 are shown 

in Table 6. Both simulations are described in Chapter 5 and the detailed information of these 

simulations can be found in the appendices. 

 

 

 

Figure 28: Aspen EDR HX data selection. 
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Table 6: Heat Exchanger dimensions. 

Simulation 1 Diameter D [mm] Length L [mm] 

HX1 610 7381 

HX2 273 2995 

ASSIST 219 2230 

COOL1 835 3959 

Simulation 2   

HX-1 946 8249 

HX-2 784 5594 

HX-3 558 3416 

AIR-HEAT 508 3534 

COOL-1 962 4223 

COOL-2 323 2882 

COOL-3 323 2475 

5.1.3  Compressors 

Compressor dimensions were not provided in Aspen Plus. One method of obtaining the 

preliminary compressor dimensions was to use the Send to OptiPlant 3D function in the 

Economics tab of Aspen Plus, as shown in Figure 29. This created an Excel file with the 

equipment dimensions. This is a new feature in Aspen Plus and did not always succeed in 

specifying each piece of equipment. For some equipment, the numbers were not correctly 

translated into Excel, and were saved as dates, unreasonably large negative numbers, and the 

like. The reason for this was not investigated further, as it was beyond the scope of this 

thesis. Therefore, it was necessary to check whether the sizing was reasonable for the 

equipment in question. 

Figure 29: Aspen Economics Send to OptiPlant 3D. 
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It was possible to obtain the dimensions of the compressors called H2-COMP and CO2-

COMP in the simulation flowsheets (Figure 24 and Figure 25) with the function shown in 

Figure 29, but no reasonable dimensioning was obtained for the recycling compressor named 

REC-COMP this way.  

Therefore, the REC-COMP sizing was interpolated with the dimensions and Net Work 

Requirements of the compressors H2-COMP and CO2-COMP, presented in Table 7. 

Table 7: Preliminary compressor sizing of Simulation 2. 

Simulation 2 Net Work Required Dimension L/W Method 

H2-COMP 1546 kW (4.5 x4.4) m Send to OptiPlant 

CO2-COMP 3012 kW (6.9 x 3.5) m Send to OptiPlant 

REC-COMP 2671 kW (6.3 x 3.7) m interpolation 

The dimensioning of REC-COMP was done by interpolation with Eq. (8): (Sebastian 

Nolden, 2023) 

y(x) = y1 +
(x − x1)

(x2 − x1)
∙ (y2 − y1) (8) 

y(x)REC−COMP,Length = 6.9 m +
(2671 − 3012) kW

(1546 − 3012) kW
∙ (4.5 − 6.9) m = 6.3 m  

y(x)REC−COMP,Width = 3.5 m +
(2671 − 3012) kW

(1546 − 3012) kW
∙ (4.4 − 3.5) m = 3.7 m  

x = Net Work Required REC-COMP [kW] 

x1 = Net Work Required CO2-COMP [kW]   

x2 = Net Work Required H2-COMP [kW]    

y1 = Length ⁄ Width CO2-COMP [m]    

y2 = Length ⁄ Width H2-COMP [m] 

The compressor dimensions of Simulation 1 could not be obtained with the function shown 

in Figure 29. Here, the preliminary sizing of the compressor’s dimensions was taken from a 

manufacturer’s catalogue as shown in Table 8.  
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Table 8: Preliminary compressor sizing with manufacturer catalogue simulation 1. 

Simulation 1 Net Work Required Dimension L/W Catalogue 

H2-COMP 271.4 kW (4.1 x 2.1) m (Jufeng, 2024a) 

CO2-COMP 102.7 kW (2.7 x 1.6) m (Jufeng, 2024c) 

REC-COMP 125.5 kW (3.4 x 1.7) m (Jufeng, 2024b) 

5.1.4  Storage Tanks 

The dimensions of the storage tanks were determined by the hold-up volume of the reactants 

and product. MeOH and CO2 were stored in liquid form and therefore in a cylindrical tank 

and H2 was stored in gaseous form and therefore in a spherical tank (Chapter 3.4.1 ). 

Table 9 summarizes the calculated dimensions of the storage tanks and the required 

parameters. The mass flows and the mass densities of H2 and MeOH were given in the Aspen 

Plus simulation. The hold-up times for the reactants and the product were given in the 

modeling instructions. These instructions also specified that the CO2 was to be stored in 

liquid form and pressurized under 30 bars. 

Table 9: Storage tank sizing – simulation parameters and calculated dimensions. 

Methanol_base_VBF_3 CO2, liquid30 bar H2, gas 
Product (MeOH), 

liquid 

Tank shape cylinder sphere cylinder 

Mass flow [kg/hr] 33751.12 4637.94 22291.51 

Hold-up time t [hr] 72 2 24 

Mass density [kg/m3] 1081 2.43 588.56 

Hold-up mass [kg] 2430080 9275.87 534996 

Hold-up volume [m3] 2248 3809.48 909 

Radius [m] 7.5 9.69 5 

Height [m] 12.72 - 11.57 

P2M_241023_bypass_HX2    

Mass flow [kg/hr] 4290.96 589.64 4801.94 

Hold-up time t [hr] 72 2 24 

Mass density [kg/m3] 1081 2.47 645.55 
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Hold-up mass [kg] 308948.8 1179.29 115246.56 

Hold-up volume [m3] 286 477.53 179 

Radius [m] 5 4.85 5 

Height [m] 3.64 - 2.27 

The minimum temperature for CO2 to be liquid under 30 bars is -20 ℃, which was 

determined using the CO2 Temperature-Pressure Diagram shown in Figure 30. The density 

of CO2 at -20 ℃ and 30 bars is 1081 kg/m3 (Berndt Wischnewski, 2007). 

 

Figure 30: Temperature - Pressure Diagram of Carbon Dioxide.(ChemicalLogic 

Corporation, 1999) 

The hold-up mass was calculated with the given mass flow and hold-up time, Eq. (9). Next, 

the hold-up volume was obtained from the calculated hold-up mass and the given density, 

Eq. (10).  

mhold−up = ṁ ∙ thold−up (9) 

Vhold−up =
mhold−up

ϱ
 (10) 

For the preliminary design of the storage tanks, it was assumed, that the volume of the tank 

was equal to its hold-up volume. The volume V of a cylinder was defined by Eq. (10), from 

which the height h of the cylinder was obtained (Studimup, 2024). The volume of a sphere 
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was given by Eq. (12), from which the radius r of the sphere was calculated (Studimup, 

2024). The radius of the cylinder was determined iteratively. 

Vcylinder = π ∙ r2 ∙ h (11) 

hcylinder =
Vcylinder

π ∙ r2
  

Vsphere =
4

3
π ∙ r3 (12) 

rsphere = √
3 ∙ Vsphere

4 ∙ π

3

  

5.2  Preliminary Process Plant Area Sizing 

The required area size for each unit was determined using the dimensions presented above 

(Chapter 5.1 The safety distances shown in Table 10 were added to the length and width of 

the equipment obtained in this chapter.  

Table 10: Safety distances added to the units. 

Equipment type Safety distance [m] 

Heat Exchanger 1.525 

Compressor 9.15 

Reactor 7.625 

Flash 6.71 

Storage tank 23 

Production Area to Storage Area 106.75 

The required area size for each equipment was calculated by multiplying the length and the 

width with the safety distances. For vertical equipment, for example the distillation columns, 

the width was multiplied by itself, because the area required was the one occupying the floor 

of the plant and not the area in the height, since the process plant area does not have multiple 

floors. The results for Simulation 1 are shown in Table 14 and for Simulation 2 in Table 15 

in the appendices. The sum of the equipment area including the safety distance was the total 

area required for the process. The total area was determined to be 2189 m2 for Simulation 1 

and 1234 m2 for Simulation 2. 
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6  Process Plant Layout and Equipment Placement 

It was desired to obtain plants the 3D models based on their Aspen Plus simulation, and 

therefore the layouts of the process simulations were modeled after their material flow, i.e., 

the unit and stream sequences of the Aspen Plus simulations. Therefore, the CRAFT 

algorithm was chosen to place the equipment in the production area. As described in  

Chapter 3.5 the CRAFT algorithm is based on the material flow. 

The CRAFT Excel template and add-in were downloaded as a ZIP-file from (Jensen, no 

date). The input cells of the template are the unhighlighted cells, and the yellow-highlighted 

cells were kept because their values were automatically obtained by the template based on 

the input of the unhighlighted cells.  

The template input included the layout data, such as name, number of departments (units), 

fixed units, area dimensions, and the flow- and cost matrix. The unit and total area 

dimensions were defined in Chapter 5.2  above.  

The flow matrices were taken from the Aspen Plus simulations and these represented the 

equipment connected by flow streams, i.e., the material flow of the simulation. The cost 

matrix represented the cost of the material flow between the units. Here, all the units were 

connected by pipes and therefore it was assumed, that there were no additional costs for the 

transporting materials in the operating plant, thus the default cost matrix with no costs was 

kept. 

The Facility Information cells in the template defined the plant area size. The Scale-m/unit 

cell scaled the Excel’s cells that represented the plant area. Scaling reduced the number of 

cells in the layout representation. The number of cells that required to represent each 

equipment area was also calculated with this scale. 

The storage area contained only the CO2, H2, and MeOH tanks, thus it was possible to 

manually construct the Outside Battery Limit (OSBL). The OSBL of the Simulation 1 layout 

was constructed manually, and the OSBL of the Simulation 2 layout was planned with the 

CRAFT template. This way, both possibilities were evaluated.  
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6.1  Plant Layout of Simulation 1 

In Figure 31 the layout data, facility information, and department information of the 

Simulation 1 layout was defined.  

The Scale-m/unit was set to 5 cells, i.e., one cell of the plant layout represents 5 m, to obtain 

fewer cells in the layout result and therefore an improved visual overview. This layout 

problem did not include any fixed units (F) and the input was set to variable (V). By defining 

units as fixed, the position in the initial layout of it can be fixed and the unit will not be 

moved during optimization. No specific reason to fix any equipment was found here.  

The required size of the production area was 2189 m2 (Chapter 5.2 so the length and width 

of the plant was set to 50 m. This resulted in a larger area (2500 m2), but the number of cells 

required for the calculation was 93 (the sum of the cells under Department Information). A 

smaller length-width ratio resulted in a value below 93 thus an insufficient number of cells. 

The input of the flow matrix was inserted into the CRAFT template as shown in Figure 32. 

The flow matrix was obtained from the Aspen Plus Simulation. Here, it was analyzed which 

equipment are connected to each other by streams, i.e., which streams in Simulation 1 flow 

into which equipment. 

Figure 31: CRAFT Layout input of Simulation 1  
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After the data input, the Define Facility button (Figure 31) was selected. This opened the 

window shown in Figure 33 and the solution method had to be defined. As mentioned before, 

the CRAFT method was chosen for solving the layout, so it was selected as the solution 

method here as well. The other method, Optional Sequence, improves the layout by 

switching the placement of the sequence unit pairs. The sequence is defined in Department 

Information, left to the unit’s name, in Figure 31.  

The initial solution was set to sequential, which generates an initial layout based on the 

department sequence from the input information, as it was more convenient. The distance 

measure was set to rectilinear, since pipes are typically installed in a rectilinear manner in a 

process plant, as discussed in Chapter 3.5.1 The default cell information was kept as it was 

defined by the input data. The width and length of the cells are 10, since 1 cell was set to 5 

m and the length and width of the plant was set to 50 m, as shown, and explained in the 

context of Figure 31 above. In Summary, the Select Options window defines the algorithm 

method, if the initial layout should be created randomly or manually, and the area size. 

 

Figure 33: CRAFT Layout input of Simulation 1 – Solution method. 

Figure 32: CRAFT Flow Matrix of Simulation 1. 



59 

 

Lastly, the layout was created and solved. The result of the Simulation 1 layout with the least 

rectilinear distance between the units considering the flow matrix is shown in Figure 34. In 

the next Chapter 7 this layout was used to 3D model the Simulation 1 plant with three 

different 3D CAD software to select the most suitable 3D application. 

6.2  Plant Layout of Simulation 2 

The same procedure described above was also applied to develop the layout of the 

Simulation 2 process. Figure 35 shows that the scale of the units was set to 1 meter and the 

units were placed in an area of 1400 cells. 

The stream connections of these units were defined in the flow matrix and the cost matrix 

was kept as default, shown in Figure 36. 

The layout solution is shown in Figure 37. According to the CRAFT algorithm, this was the 

optimum layout that had the least rectilinear distance between the connected units. 

 

Figure 34: CRAFT Layout input of Simulation 1 – Layout Result 
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Figure 36: CRAFT Flow Matrix of Simulation 2. 

Figure 35: CRAFT Layout input of Simulation 2. 
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Figure 37: CRAFT Layout Result of Simulation 2. 
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6.3  Storage Facilities 

The storage facilities were planned with the storage tank dimensions shown in Table 9 and 

the safety distances in Table 10. For demonstration purposes, one storage area was designed 

with the CRAFT template and the other one manually. 

Figure 38 shows the storage plan of the Simulation 2 process, obtained with the CRAFT 

template. The H2 tank required the most space, since it was stored in gaseous form, and CO2 

and MeOH were stored in liquid form. 

Figure 39 presents the manually planned storage of the Simulation 1 process. First, the safety 

distance of 106.75 m between the production area and the storage area was added, to 

determine the starting point of the tank farm. The CO2 and H2 tanks were grouped on the left 

side because these reactants entered the process and were connected to their compressors 

also on the left side of the production area. The MeOH tank was placed on the right side 

because the product was obtained on that side of the production area. The tank radii were 5 

m, thus the diameters were 10 m. Next, the safety distances between the tanks were added. 

Ultimately, all these steps resulted in the storage area plan shown in Figure 39. 

 

Figure 38: CRAFT storage area of Simulation 2. 
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Figure 39: Manually planned storage area of Simulation 1. 
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7  Comparison of the 3D CAD Modeling tools 

The aim of this applied Chapter was to identify the most appropriate 3D CAD software to 

implement in LENS and LES for the 3D modeling of their P2X projects. 

The 3D CAD applications OpenPlant Modeler, OptiPlant 3D Layout, and AutoCAD P3D 

were evaluated by 3D modeling the ISBL of Simulation 1. The process area size and 

equipment placement were obtained in Chapters 5.2 and 6  above.  

After the evaluation, the three software were qualitatively compared with the selection of 

parameters, based on the requirements for the 3D modeling of Simulation 1. The 

requirements included basic functionalities, such as availability of equipment templates, 

piping features, and similar, but also user-friendliness, availability of documentation, and 

similar characteristics. 

The qualitative analysis was translated into a quantitative evaluation by grading the 

parameters of each software in comparison to each other. With this quantitative result, the 

most suitable 3D CAD software was selected. 

7.1  Bentley OpenPlant Modeler 

The first 3D CAD software evaluated was Bentley’s OpenPlant Modeler (hereafter referred 

to as OpenPlant). The software license provided to students was offered within an academic 

context, and OpenPlant was downloaded from the Bentley’s Education website (Bentley 

Systems, 2024).  

For the Project Set-Up in OpenPlant, the Workspace and Work Set were chosen on the main 

page of the software. The chosen Work Set determined the measurement system in the model 

and was selected as Metric according to Simulation 1. It was required to save the project in 

the desired unit folder to obtain the correct units. 

Next, the name of the project was defined, and the file format chosen. During the initial 

setup, the AutoDesk DWG format or DGN were available. OpenPlant recommended to 

choose DGN, as this was the main file format of OpenPlant and included the full 
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functionality. The 3D model was still exportable to AutoDesk as a DWG file to after 

modeling in case this was required.  

The Project Set-Up was simple and intuitive, and no additional help, such as from the 

software documentation, was required.  

Typically, the layers are defined as a first step in 3D modeling. However, the layers for the 

different units were already preset, but it was not clear how to adjust them. This was 

convenient since the units were automatically categorized, but the lack of clarity resulted in 

less control over the layers. 

The model grid had to be created as a separate file using Bentley’s ProStructure function and 

referenced in the project. ProStructure was not included in the student license, and the 7-day 

free trial was used during the creation of the Simulation 1 model. The grid is a key feature 

to define the length and width of the plant area, and furthermore to divide it into Chapters to 

place the equipment according to its coordinates defined in the plant layout created in  

Chapter 6 Although it was possible to place the grid, the placement was not simple and 

required reviewing the OpenPlant documentation, and it is arguable that a key function 

should be included and be intuitively applicable. 

The process plant plate was easily inserted into the model using the Plates/Polyplates 

window, shown in Figure 40. Here multiple options and setting for the plate were available, 

such as different types, geometries, and similar, which stood out positively. 
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Figure 40: OpenPlant Plate selection. 

The equipment standard types, e.g., vessels, tanks, pumps, heat exchanger, and heaters and 

condensers, were available in the Equipment Galleries. Unfortunately, compressors were not 

available in the equipment gallery and therefore vertical vessels were used to represent the 

compressors of the process. 

Open Plant’s piping functions are shown in Figure 41, including the Piping Galleries, Piping 

Network, and the manipulation of the piping. Multiple pipelines with different specifications 

and nominal diameters can be added in the Pipeline Manager. The Nozzles settings of the 

equipment were edited in the Nozzle Manager. To sum up, OpenPlant provided all the 

required functionalities for the piping of the model. 
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In addition, all the basic structural members that may be needed for 3D CAD modeling were 

found under the Structural tab. For the Simulation 1 model, the footings and beams were 

placed every 10 meters. This value was selected as a placeholder to test OpenPlant’s 

structural functions. No structural calculations were included, since the civil engineering of 

the plant was out of the scope of this thesis. 

The 3D model of Simulation 1 that was drawn in OptiPlant with the evaluated features 

described above is shown in Figure 42.  

Figure 41: OpenPlant Piping functions. 
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Figure 42: 3D Layout of Simulation 1 with Bentley’s OpenPlant Modeler. 

After modeling, the export file types were evaluated. Multiple choices were available, such 

as common file types, including Autodesk DWG format, exchange file formats, including 

STEP, and similar. 

OpenPlant was not compatible with Aspen Plus, i.e., the Aspen Plus simulation could not be 

imported for automatic creation of the plant facility and its equipment. 

Lastly, it should be noted that the documentation accessible in the software through the Help 

function was sufficient and satisfactory. 

Overall, the 3D modeling of the Simulation 1 process plant with OpenPlant was satisfactory, 

with minor inconveniences, such as the complicated manner of the grid insertion or 

compressors not being available in the equipment gallery. 
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7.2  Aspen OptiPlant 3D Layout 

The second 3D CAD software evaluated was Aspen OptiPlant 3D Layout (hereafter referred 

to as OptiPlant). The software was accessed through the LUT University’s Aspen license 

and is not free.  

The set-up of a new project required to open a new file, shown in Figure 43. The file name 

must not contain any special character and only hyphen or underbar were accepted, and this 

also applied for the file directory. In case a restricted file directory or name was chosen, the 

message in Figure 43 appeared. After the file directory and name was chosen, the new project 

was created. 

 

 

 

 

 

 

 

 

This procedure was not intuitive and it was not clear that the file name restrictions also 

applied to the file directory, since the error message only stated that there was a dot inside 

the project folder (Figure 43), which caused confusion, since the selected file name did not 

contain a dot. Only after consulting Aspen support, it was discovered, that this error was 

caused by the file directory and that the formulation of the error message was misleading.  

After the set-up, the Plot Plan Information window in Figure 44 appeared automatically. 

Here, the Plant and Building Name, Working Units, plant are size in X, Y, and Y-directions, 

elevation, and the Grid Spacing of the project were defined and accepted. 

 

Figure 43: OptiPlant 3D Layout Project Set-up. 
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Next, the Select units for line list and Select units for electrical list appeared, where the units 

for Temperature, Pressure, Insulation and Electrical equipment were chosen. 

The layer settings were not found, and it was not possible to define them. Each time a unit 

was inserted into the model, it was possible to select the unit’s group and to categorize it as 

either Structure, Equipment, Tower, or Penetrable. Based on this, it was assumed that the 

project layers were created automatically. This was generally easier than creating them 

manually, but it also meant that the layers could not be customized according to the project 

or as desired. 

The equipment and structural units of the project were selected from the list located on the 

right side of the OptiPlant’s User Interface (UI), as shown in Figure 45. First, the plate of 

the process plant was selected, and by clicking on the drawing area, the Floor Dimensional 

Parameters window appeared. Here, the dimensions and placement coordinates of the floor 

were defined. The only floor shape selectable was rectangular, and no polyline was available.  

Standard equipment types, e.g., heat exchangers, vessels, reactors, and similar, were 

available, except compressors. The compressors in the Simulation 1 model were represented 

as vertical drums. The dimensions of the equipment had to be given as natural numbers, but 

Figure 45: OptiPlant’s Equipment and Structure. 

Figure 44: OptiPlant – Plot Plan Information  
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since the units were set to millimeters, the accuracy of this was enough and no decimal 

numbers were required. Nevertheless, in the context of comparing the software to each other, 

the others did not have this limitation. In Figure 45, the structural member types available 

were columns, beams, and slabs, but no footings. 

To describe OptiPlant's piping functionality as very unfavorable and incomprehensible 

would be an understatement. It was not possible to locate and insert pipes using the interface. 

Some piping Chapters were discovered and tried to be used, but the settings were 

incomprehensible and therefore it was not possible to include any pipes in the OptiPlant 

model of Simulation 1. The instinct was to look for help in the software documentation and 

online. Unfortunately, the software documentation was insufficient, and no further 

documentation could be found online, probably because OptiPlant is a less established 

software compared to Autodesk for example.  

The 3D model of Simulation 1 is shown in Figure 46. As mentioned above, it was not 

possible to include the piping, and the model contains only the grid, the floor, and the 

equipment of the process plant. Typically, aesthetics is a matter of preference and depends 

on the viewer’s perception. Nevertheless, the presentation and attractiveness of the 

equipment in the software had room for improvement. In addition, the file formats available 

for exporting the model were very limited, essentially only one CAD, the DWG format, and 

export as an image or to Excel were available. 

Nevertheless, Aspen OptiPlant was tested and favored, because it is marketed as Aspen Plus 

compatible, i.e., the Aspen Plus simulation can be imported into Aspen OptiPlant and the 

3D model is mainly generated automatically based on the simulation. This was extensively 

tested by first exporting the simulation as two Excel files, one for the flows and the other for 

the equipment, from Aspen Plus using the Send to OptiPlant function, as shown in  

Figure 29.  
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Figure 46: 3D Layout of Simulation 1 with Aspen OptiPlant 3D Layout. 

Next, these Excel files needed to be imported into OptiPlant, and intuitively, this was 

attempted using the Excel Import option located on the File ribbon and the Import tab. This 

was unsuccessful and resulted in an error. Later, it was discovered that Send to OptiPlant is 

part of Aspen Plus's Economics (ACCE) and an attempt was made to import it into OptiPlant 

using the ACCE interface, and the import was successful. 

Although the import was successful, the results were not significant. The initial version of 

the model obtained through the export is shown on the left in Figure 47. Basically, no 

equipment or structure was recognizable. It was determined that the equipment dimensions 

were wrongly set by the import. Therefore, the equipment sizes were fixed, and with the 

adjusted sizes, the equipment shown on the side right of Figure 47 were obtained. 

Nevertheless, the equipment was not placed in the plant area, it was just imported on the X-

axis. It could be said that there was no difference between manual modeling and automation 

through the Aspen connection. In addition, it was probably more time-consuming to correct 

the import errors. 
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Figure 47: Import of Simulation 1 into OptiPlant – left initial view and right after adjusting 

the equipment dimensions. 

In summary, there were severe challenges, during the project set-up, piping, and similar 

described above, and there was no insufficient documentation to overcome them. The most 

promising feature of Aspen’s OptiPlant was its supposed Aspen Plus compatibility and ease 

of creating 3D models based on process simulations. This functionality did not work 

properly and was in no way easier than modeling the plant manually. 

In conclusion, Aspen OptiPlant has proven to be a significant disappointment, and its release 

at the current state is perplexing, especially given the existence of far more sophisticated and 

well-established alternatives that not only offer superior functionality, but also demonstrate 

a high degree of user-friendliness and intuitiveness. 

7.3  Autodesk AutoCAD Plant3D (P3D) 

Autodesk’s AutoCAD P3D was the last 3D CAD software evaluated. The software license 

provided to students was free of charge in an academic context, and P3D was downloaded 

from the Autodesk website (Autodesk Inc., 2024c). The Simulation 1 project was set up on 

the Start page of P3D by intuitively selecting new project. This action opened the Project 

Setup Wizard, where the general settings of the project, such as saving directories, drawing 
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standard and unit, and team members, were defined. After finishing the Project Setup 

Wizard, the project was automatically generated and opened, and it was possible to create a 

new drawing assigned to the project. This process was straightforward and logical, since the 

main page of the software was clear, and the software guided the user through the set-up 

steps. 

The construction of the 3D model of Simulation 1, shown in Figure 48, with P3D was 

uncomplicated and straightforward, because P3D’s ribbon was highly structured and user-

friendly, and all the required basic functions were found in the Home ribbon, except for the 

structural members, which were in their own Structure ribbon. This made the selection of 

the layers, grid, plate, equipment, structural members, and piping easy. All required units 

were available, except the included equipment templates lacked compressors, and these were 

modeled as vertical vessels.  

The only occasion in which assistance was required was when the model was exported to 

view outside of P3D in Autodesk’s drawing viewer called DWG TrueView. Here, the export 

file was created using the Export option, and when viewed outside of P3D, the units were 

misplaced. The software documentation revealed that for this action, the 

EXPORTTOAUTOCAD command must be executed in the command ribbon, to ensure the 

export of the units’ reference points. In addition, the floor of the plant should be selected as 

Plate and not as Grating, since Grating was could not be exported, because it was unique to 

P3D. 
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Figure 48: 3D Layout of Simulation 1 with Autodesk’s AutoCAD P3D. 

The AutoCAD technical support documentation shown in Figure 49 was extensive. In 

addition to technical support, there was a community forum available, where users can post 

questions and support each other. This forum belongs to Autodesk2, and the answers of users 

are proof checked, which made it highly trustworthy. Autodesk Help was available online 

(Autodesk Inc., 2024a). Another way to access it was through the search bar within the 

software, and it is essentially integrated into the software as a browser app, as shown in 

Figure 49.  

Autodesk’s AutoCAD P3D was not compatible with Aspen Plus, and therefore there was no 

option available to automatically transfer the simulation data into the P3D model. 

In summary, the lack of compressors in the equipment templates and the lack of 

interconnectivity between P3D and the Aspen Plus simulation software were the main 

shortcomings of P3D. Besides that, P3D had exceptional functionality. The software 

combined this with a simple, intuitive, and a user-friendly UI that made learning and using 

of the software almost autodidactive, but if help was needed, there was a large amount of 

clearly formulated documentation available.  
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Figure 49: Autodesk AutoCAD Plant 3D Help. 

7.4  Comparison of the evaluated 3D CAD Software 

The evaluation of the 3D CAD software OpenPlant Modeler, OptiPlant 3D Layout, and 

AutoCAD P3D carried out in Chapters 7.1 7.3  above, has been summarized in Table 11. 

The most significant tools used in the 3D modeling process of Simulation 1 were chosen as 

parameters. The most noticeable advantages and disadvantages during the application of 

these selected parameters were described in a compact manner.  

The main purpose of Table 11 was to organize the above textual evaluation with selected 

parameters and to establish comparability. 

Table 11: Qualitative evaluation of the 3D CAD software OpenPlant Modeler, OptiPlant 

3D Layout, and AutoCAD P3D. 

Parameter/Function OpenPlant Modeler OptiPlant 3D 

Layout 

AutoCAD 

Plant3D 

Project  

Set-Up 

• standard CAD 

format DGN 

• complex • simple 
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• Unit of 

measurement 

specification by 

saving directory 

• uses uncommon 

CAD file type called 

PPL 

• standard CAD 

format DWG 

Layers • automatic • automatic • manual 

• clear and 

simple 

Grid • additional grid file 

must be created with 

ProStructure 

• grid file must be 

referenced in 

OpenPlant project 

• ProStructure is not 

included in student 

license 

• simple creation as 

included in the 

Project Set-Up 

• simple 

selection 

Structural  

members 

• simple selection • Footings not 

available 

• Only rectangular 

floor available 

• advised to 

select Plate as 

Floor 

Equipment  

template 

• Compressor not 

available 

• Compressor not 

available 

• Compressor 

not available 

Piping • connection of the 

equipment nozzles 

• unclear • connection of 

the equipment 

nozzles 

Aspen Plus 

interconnectivity 

• not available • not working as 

intended 

• not available 

Export  

options 

• multiple export 

formats available 

• limited file formats • standard 

export formats 

available 

Documentation • sufficient • insufficient • exceptional 
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User Interface • mostly well-

structured 

• unsatisfactory • exceptional 

7.1  Selection of a 3D CAD software for LENS and LES 

In the next step of determining the most suitable 3D CAD software, the evaluations 

summarized in Table 11 were compared. Here, points were assigned for each parameter to 

compare the performance of each software within that parameter to translate the qualitative 

analysis into a quantitative number. The points were assigned according to the legend shown 

in Table 12. In case the parameter was not available at all zero points were assigned. One 

point was assigned if the function was available, but the application was complicated or 

significantly less options were available compared to the other software. Two points were 

given for a parameter if the everything required for the parameter was available. In case the 

function had significantly more options or the application was intuitive and user-friendly, 

three points were assigned.  

Table 12: Legend for the translation of the qualitative software analysis into a quantitative 

evaluation. 

Points Definition 

0 Insufficient 

1 Available 

2 Satisfactory 

3 Good 

Table 13 evaluates and compares the 3D CAD software OpenPlant, OptiPlant, and P3D and 

was generated from Table 11 and Table 12 as described above. The awarded points are 

summed up at the bottom of Table 13. The parameters of the evaluation were chosen after 

the basic requirements for 3D modeling; therefore, they were considered as equally 

important, i.e., no weight factors were added. 

Autodesk’s AutoCAD Plant3D application acquired the most points and therefore this 

software was selected, and therefore the storage area of Simulation 1 was added to its P3D 

model and the more extensive P2MeOH Aspen Plus Simulation 2 was drawn in P3D in 

Figure 53 shown below. 
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Furthermore, in the context of preserving the modeling knowledge in P3D, the application 

of the P3D functions used of the in the scope of the thesis have been illustrated in a written 

and video guide, to be found in the appendices.  

Table 13: Quantitative evaluation the 3D CAD software OpenPlant Modeler, OptiPlant 3D 

Layout, and AutoCAD P3D. 

 
OpenPlant 

Modeler 

OptiPlant 3D 

Layout 

AutoCAD 

Plant3D 

Project Set-Up 2 1 3 

Layers 1 1 3 

Grid 1 3 3 

Structural members 3 1 3 

Equipment template 2 1 2 

Piping 2 0 2 

Aspen Plus 

interconnectivity 
0 1 0 

Export options 3 1 2 

Documentation 2 0 3 

User Interface 2 1 3 

Sum of Points 18 10 24 

Since AutoCAD P3D was chosen for implementation, the 3D model of Simulation 1 that 

was drawn without the storage area, shown in Figure 48, was extended by adding the storage 

facilities, as shown in Figure 50. The layout and sizing of the storage tanks defined manually, 

as described before in Chapter 6.3  
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Figure 50: 3D Layout of Simulation 1 including the storage area with Autodesk’s 

AutoCAD P3D. 
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8  P3D Model of the Simulation 2 Plant 

The Aspen Plus Simulation 2 was modeled in the selected software, AutoCAD P3D. Figure 

51 shows the modeled process area. The equipment and area sizing and equipment placement 

with CRAFT used here were determined in Chapters 5 through 6 It should be noted that 

piping and statistics were out of the scope of this thesis, in other words the pipe support and 

the piping dimensions were not calculated or researched, and they are a preliminary 

representation, since the main subject of this thesis was the software evaluation and not 

detailed planning.  

The tank farm is shown in Figure 52 and was configured using the CRAFT layout template 

in Chapter 6.3 The cylindrical tank on the left represents the liquidized CO2 storage and the 

tank on the right is the MeOH tank. The spherical H2 tank was larger in size even though 

the shorter hold-up time of 2 hours, as the H2 was stored in gaseous form and therefore a 

smaller hold-up mass resulted in a larger area required for H2. The pipelines on the left 

Figure 51: P3D Model of Simulation 2 – Process Area 
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transported the reactants into the process and the pipeline on the right transported the product 

to the tank farm. 

Figure 53 shows the entire P3D model of Simulation 2 at once. This visual representation 

showed that the storage facilities require a larger area size than the sum of the production 

area. Instead, it is suggested to evaluate the possibility of combining this P2MeOH process 

with the production of the reactants, i.e., H2 electrolysis and CO2 capture.  

The time required to obtain this 3D model depends largely on the user's experience with 3D 

CAD applications, spatial thinking skills, and the information available, such as whether the 

equipment sizing is already available. For the Simulation 2 P3D model, the required data 

was not available, and each part of the preliminary 3D modeling presented in the application 

part had to be performed. In addition, the modeling of Simulation 2 took less time than 

Simulation 1 because Simulation 2 was modeled last and the experience and soft skills for 

P3D were more mature than during the first steps. In conclusion, no precise time frame can 

be defined for obtaining this model. 

 

 

Figure 52: P3D Model of Simulation 2 – Storage Area 
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Figure 53: P3D Model of Simulation 2. 
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9  Conclusion 

The aim of this thesis was to select a 3D CAD software to be implemented for the LUT P2X 

laboratory. This software should support the P2X research in the context of visualization of 

P2X process plants. 

The 3D CAD software AutoCAD P3D (P3D) was selected for implementation. This decision 

was made after comparing the software OpenPlant Modeler, OptiPlant 3D Layout, and P3D 

to each other. For this purpose, the equipment of two P2MeOH Aspen Plus simulations that 

were provided for the objective of this thesis were sized and the layout of these process 

plants were created using the CRAFT algorithm. One Aspen Plus simulation was 3D 

modeled in all the 3D CAD software that were subject to comparison. From this, the 

comparison was carried out qualitatively with selected parameters and, after implementing 

a comparison metric, also quantitatively. The second P2MeOH Aspen Plus simulation was 

3D modeled in the chosen P3D software. 

While every effort has been made to compare the three software products as objectively as 

possible, it is important to recognize that user preferences are inherently subjective. Different 

users may prioritize different features, such as interfaces, application of functions, or the 

like, based on their needs, experience with CAD applications, and personal biases. As such, 

the evaluation of software performance and suitability was influenced by the author's own 

predispositions and expectations.  

Prior to performing the comparative analysis of the software, Aspen OptiPlant was favored 

based on the developer’s claim regarding its compatibility with Aspen Plus and its ability to 

automate the generation 3D process plant layout. However, further investigation of this 

feature found that the feature did not function as advertised, and the software itself appeared 

to be in an early stage of development. No other 3D CAD software with an Aspen Plus 

interconnectivity was found on the market, probably due to of licensing obstacles. It is 

suggested, that established 3D CAD software developers, like Autodesk, and Aspen should 

consider cooperation to advance the digitalization of process plant processes and digital twin 

research. 



85 

 

The selected software, P3D, is viable for the digitalization of the LUT P2X research and the 

end goal of a digital twin. However, its implementation requires profound familiarization 

and a good spatial thinking, since a process designed in 2D is translated into a 3D 

environment. Some users may have better spatial skills than others. Therefore, it is advisable 

to carefully consider the selection of the responsible researcher who will carry out this 

dimensional translation to ensure optimal results towards a digital twin and optimal 

outcomes in the digitalization process. 

The main objective of this thesis was the selection of a 3D CAD software for the LUT P2X 

Laboratory and a future digital twin, by comparing viable options. It is important to 

acknowledge that the 3D models obtained may not represent the actual plant configuration 

that may be built, as preliminary design data was the input, rather than detailed specifications 

that were beyond the scope of this thesis. 

Following this thesis, it is expected that the P2MeOH process plant is engineered in detail, 

including the detailed equipment specifications, piping specifications, plant location, 

specifications of the plant members, such as beams, and similar. With this information the 

preliminary 3D model can be translated into the detailed digital representation using the P3D 

software. In addition, the inner life of the equipment, such as fluid flow, heat transfer, and 

similar, should be simulated to be include in the 3D model, and on the way to the P2MeOH 

processes’ digital twin. 
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Appendix 3. Simulation 1 Equipment Area Size. 

 

Table 14: Simulation 1 Equipment Area Size. 

Unit Flowsheet Name 
Length L 

[m] 

Height H 

[m] 

Width W 

[m] 

Safety Distance 

[m] 
L Safety [m] W Safety [m] Area A [m2] 

CO2-COMP 4.100  2.100 9.150 22.400 20.400 456.960 

H2-COMP 2.700  1.600 9.150 21.000 19.900 417.900 

HX1 7.381  0.610 1.525 10.431 3.660 38.173 

ASSIST 2.230  0.219 1.525 5.280 3.269 17.261 

REACTOR  6.000 1.581 7.625 21.250 16.831 357.661 

HX2 2.995  0.273 1.525 6.045 3.323 20.088 

REC-COMP 3.400  1.700 9.150 21.700 20.000 434.000 

COOL1 3.959  0.835 1.525 7.009 3.885 27.230 

SEP1  1.067 1.067 6.710 14.487 14.487 209.867 

SEP2  1.067 1.067 6.710 14.487 14.487 209.867 

SUM       2189 

 

 

 



 

Appendix 4. Simulation 2 Equipment Area Size 

 

Table 15: Simulation 2 Equipment Area Size. 

Unit Flowsheet Name 
Length L 

[mm] 

Height H 

[mm] 

Width W 

[mm] 

Safety Distance 

[mm] 

L Safety 

[mm] 

W Safety 

[mm] 

Area A 

[m2] 

REACTOR  5000 400 7625  8025 64 

CO2-COMP 6913  3454 9150 16063 12604 202 

BOILER 2807  406 1525 4332 1931 8 

COOL-2 2882  324 1525 4407 1849 8 

DIST-1-tower  277367 762 7625  8387 70 

WHB  2135 3965 6710  10675 114 

H2-COMP 4550  4382 9150 13700 13532 185 

COOL-3 2475  324 1525 4000 1849 7 

FLASH-2-flash vessel  4575 1525 6710  8235 68 

REC-COMP 6363  3670 9150 15513 12820 199 

COOL-1 4223  962 1525 5748 2487 14 

AIR-HEAT 3534  508 1525 5059 2033 10 

HX-2 5594  784 1525 7119 2309 16 

HX-3 3416  559 1525 4941 2084 10 



 

DIST-2-tower  27737 3200 7625  10825 117 

FLASH-1-flash vessel  2135 3965 6710  10675 114 

HX-1 8249  946 1525 9774 2471 24 

SUM       1234 

 


