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Abstract 

The paper will analyse the advantages of using the RPMS program in order to optimize the production 
plan and to decide on the structure of raw materials and final products within refineries. Also, the paper 
will include some real-time refining activities to be analysed with the aim of optimizing production. 
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Introduction 

The most popular manufacturing optimization software used today by most refineries are RPMS 
(Honeywell License), PIMS (Aspen License), and GRTMPS (Harperly Systems License), all 
based on the LP-Linear Programming principles. These allow modelling of the refinery by using 
different tables and aim to find the optimal solution taking into account a number of limitations 
introduced in LP, either linear or non-linear. 

The constant change in demand-to-offer ratio on the global energy market, as well as the 
diversity of raw materials and final products on the market require significant economic and 
financial assessment capacities in the shortest possible time. The development of information 
systems within companies has allowed shorten the time to assess opportunities and risks in 
making decisions in order to conclude contracts for the purchase and sale of petroleum products, 
by taking into account all the expenditures related to the production and transport of goods. 

Management experts have developed some approaches and methods to reduce the risk and 
uncertainty of decision-making processes, starting from the iterative use of the management 
process.  

So, linear programming (LP) represents a method that helps to get the best result: either to find 
out the maximum profit or to establish minimum costs, in a mathematical model whose 
requirements are represented by linear mathematical relations. Linear programming is a 
technique used to optimize linear objective functions, taking into account linear constraints and 
inequalities (Dantzig, 1998). Linear programming is characterized by two basic elements: 
objective function and constraints system. An objective function may be the result of an attempt 
that express a business purpose in mathematical terms for use in decision analysis, in 
transactions research, or optimization studies (Bohâlțea&Cursaru, 2009). 
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In order to create an objective function, firstly are required to be designed relationships between 
constraints and any other limitations within the analysed business. These may include capacity 
limitations, availability of resources, market prices or even technology (Taha, 2007). 

In mathematical optimization, the feasible region is the set of all possible points (variables 
values sets) of an optimization problem that satisfies all problem constraints. The optimal 
solution is the option or alternative that best fits the situation, uses the resources in the most 
efficient and effective manner and offers the highest possible yield under these circumstances  

Optimal decisions are made at the margin, or optimal decisions are taken to the limit, which 
means that the optimal decision is considering to continuing any activity until the marginal 
income becomes equal to the marginal cost. In this case the optimal decision will generate the 
optimal solution, i.e. the best result with maximum profit or minimum loss (Kinicki & 
Williams, 2008). 

Is very well known the idea stated by Adam Smith: "Consumption is the only destination and 
purpose of production", so in other words, anything that is done will have to be sold to 
consumers. The same product can be sold at different prices on different destinations. So 
making the product for different destinations will generate different economic effects. In order 
to obtain the optimal solution or the maximum profit, the company management will opt to 
produce a quantity of products only for consumers whose marginal income from the sale of 
products is at least equal to the marginal cost of production (Lapin&Whisler, 2002; Taylor, 
2009). 

In simple mathematical models, using the marginal analysis, the optimal solution can easily be 
found, taking into account the following rules: 
1. If marginal income (MI)> marginal cost (MC)  the activity (production), for which the 
optimal solution is sought, has to be maximized; 
2. If the marginal income <marginal cost  the activity (production), for which the optimal 
solution is sought, has to be minimized; 
3. The optimum solution is obtained when there are no other possibilities for increasing the net 
profit, i.e. when the marginal income = the marginal cost (Figure 1). 
 

 

Fig. 1. Example of finding the optimum solution for making a product for different destinations 

 
MI=MC 

Optimum solution is to 
produce 90 units 

Marginal income MI Marginal cost MC
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Computer Tools for Optimizing the Decision 

Currently there are only two linear programming software with free license (free access): 
PYOMO and Google OR Tools. PYOMO is a free-mode modelling language for linear and non-
linear optimization. Google OR Tools is a free-to-use Google program used to optimize C ++ 
written combinatorial issues with Python, Java, and .Net (Dantzig, 1998). There are, however, 
over 20 commercially licensed languages and solvers used for optimization purposes. Some of 
these are described in Table 1. 
 

Table 1. Commercially licensed programming languages 

AMPL 

A Mathematical Programming Language (AMPL) is an algebraic programming 
language used to describe and solve high complexity problems. AMPL is very popular 
for linear and nonlinear optimizations with a limited version used for didactic purposes 
(500 variables and 500 constraints). The software supports dozens of solvers with 
which it communicates through nl files. AMPL is used by over 100 clients, government 
institutions and academic institutions. 

APMonitor 

Advanced Process Monitor is a modeling language for differential algebraic equations. 
APM is suitable for solving major problems such as linear programming, nonlinear 
programming, dynamic simulations, non-linear predictive control model. APM does not 
solve problems directly, but uses nonlinear solvers such as APOPT, BPOPT, IPOPT, 
MINOS, and SNOPT. The software provides the exact values of the order of 1 and 2 
derivatives of continuous functions to solvers through a matrix form. 

CPLEX 

IBM ILOG CPLEX Optimization Studio (often called CPLEX simplified) is a software 
package of optimization. The CPLEX Optimizer has been specifically named because 
of the simplex method implemented in programming language C, which today also 
supports other types of mathematical optimizations and offers interfaces different than 
C programming language. IBM ILOG CPLEX Optimizer solves numeric programming, 
bulky linear programming using primary variants or doubles of the simplex method, 
convex or non-convex square programming. 

Excel Solver 
Function 

Non-linearly solver for Microsoft Excel spread sheets where function ratings are based 
on cell recalculation. The basic version is accessible as well as a standard add-in for 
Excel. 

FortMP 

Software package to solve bulk optimization problems. It solves problems of linear 
programming type, quadrature programming and mixed numeric programming. 

GAMS 

General Algebraic Modeling System has been modeled to address linear, nonlinear, and 
numerical optimization problems. The system has been designed for many applications 
and allows the user to build easy-to-maintain models that can be adapted to new 
situations. Models are portable from one platform to another. 

Gurobi 

Solver with parallel algorithms for bulky linear programming, square programming and 
mixed numeric programming. Used for teaching purposes only. 

IMSL 
Numerical 
Libraries 

IMSL (International Mathematics and Statistics Library)  is a commercial collection of 
mathematical algorithms and statistics available for numerical analysis that are 
implemented in programming languages in C / C ++, Java, Fortran and C # / .NET. The 
collection of mathematical algorithms and statistics is available in C / C ++, Fortran, 
Java and C # / .NET. The PYTHON interface is also available. 
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Table 1 (cont.)

Maple 

The software covers aspects other than technical computing, such as visualization, data 
analysis, matrix computation and connection. 

MATLAB 

Matrix-oriented programming language for numerical computations. MATLAB allows 
matrix manipulation, graphical representation of functions and data, algorithms 
implementation, creation of unique interfaces and interference with other programming 
languages, including C, C ++, C #, Java, Fortran and Python. 

Mathcad 

Software with the primary purpose of verification, validation, documentation and reuse 
of engineering calculations. It contains functions to solve linear and non-linear 
optimization problems. 

NMath Stats Statistical package for Microsoft.Net Framework containing a simplex solver.  

OptimJ 

Java extension with support language for writing optimization models for bulk 
information processing. OptimJ is committed to propose clear and concise algebraic 
notation for optimization modelling by removing the compatibility barriers between 
optimization modelling and application programming tools. 

SAS 

Set of solvers for linear, nonlinear, derivative, network, combinatorial and limiting 
optimizations; numeric programming language OPTMODEL; variety of solutions to 
specific problems; all of these are integrated into the SAS System. 

SCIP 

Whole-number solver with general purpose constraints A general-purpose constraint 
integer programmer solver with emphasis on MIP. Compatible with the Zimpl 
modelling language. 

XPRESS 

FICO Xpress Optimizer is a commercial optimization solution for linear programming 
(LP), mixed integer linear programming (MILP), convex quadrant programming (QP), 
quadratic convex constrained quadratic programming (QCQP), and combinations of 
those listed. The solver is used in production optimization programs in RPMS, PIMS, 
GRTMPS software. 

VisSim Language of 4-block schematic for dynamic system modeling. 

Description of RPMS Software Used in Optimized Production 
Planning 

Oil and petrochemical processing companies are characterized by: 
o demand for petroleum products - over the last 10 years, the volume of oil processing has 

increased by 10%; 
o variation of raw material properties - there are over 200 types of crude oil in the world that 

differ from each other by density, viscosity, sulfur, nitrogen etc.; 
o diversity of technological processes and regimes - new installations are being put into 

service every year and existing ones are being repaired; 
o complicated logistics of technological flows and large number of raw material and semi-

fabricated raw material storage parks; 
o intensive dynamics of petroleum products markets. 
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The listed features generate many variations when are preparing the production plans (work 
schedule of a refinery's technological objectives for a specific period). This implies that a 
production optimization model should be used when is establishing the production plan. 

The RPMS Production Optimization Program is used in the following cases: 
o strategic planning (long term over 5 years); 
o medium-term planning (1-3 years); 
o short-term planning (one month-quarter); 
o technical and economic evaluation of the offers of alternative hydrocarbon raw materials 

acquisition; 
o optimized planning of the implementation of business plans and other investment projects; 
o making various technological calculations (change of plant operating regime, semi-finished 

structure, replacement of catalyst, production capacities, change of raw material properties 
and/or final products etc.) (Severin, 2016; Honeywell, 2018). 

As an optimization criterion is used marginal revenue (revenue from the production of finished 
products minus the raw material costs and the variable costs with the processing volume) 
(Honeywell, 2018). The optimization model for production planning can be shown as follows: 
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where: 
• cj - the sales price of the unit xj, j = 1, ..., m - the variable sales of the model flows; 
• dj - the purchase price of the unit xj, j = m + 1, ..., n - the variable flows of the model flows; 
• xj, j = n + 1, ..., p - variations of the internal (intermediate) flows of the model, plant loads, 
mix quality etc.; 
• aij - constant coefficients of the constraint matrix; 
• aij (x) - variable coefficients of the matrix of constraints, which depend on one or more xj; 
• bi, bi - limitations in the extremes of the constraint intervals, i=1, ..., k; 
• F - the criterion for solving this task is maximizing marginal income. 

From the equation (2) it follows that the production planning model of the refinery is a 
nonlinear mathematical programming function of large dimensions (several thousand variables). 
The nature of the nonlinear problem of production planning is hidden in complicated 
dependencies of production parameters according to the values of the variables, such as: the 
material balances of the installations change according to the quality of the raw material; 
consumption of utilities, chemicals and catalysts depending on the loading of the installations 
and others. The characteristic of equation (2) is based on the fact that each coefficient of the 
matrix of constraints of type a(x) depends on many variables and the refinery model can contain 
hundreds of these coefficients. 

From a structural point of view, the model consists of the sub-models of the technological 
installations, the mixtures of the flows according to the pipeline scheme and the finite product 
recipes. The results of the solution are analysed for the whole refinery model and sub-models. In 
RPMS (Refinery and Petrochemical Modeling System) systems, standard OSL and Xpress-MP 
Optimizer Packages are embedded (FICO, 2018). To find the solution for optimized production 
planning problems in the formulation of equations (1) - (3), RPMS systems use recursive 
sequential linear programming (LP). 

Finding the solution through the LP method is done in the following way: 
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1. Initially, the initial values of the model matrix coefficients (flow quality, yield coefficients, 
utility consumption norms) are introduced. 
2. The function of linear programming is solved in the formulation of equations (1) - (3) with 
constant coefficients. 
3. On the basis of the obtained solution the correction of the matrix coefficients of the LP 
problem and the analysis of the convergence of the change of the values of the initial 
coefficients and of the calculated coefficients are made. 
4. If the deviation between the coefficients is greater than the tolerance indicated by the user, 
then the objective function of the linear programming will be calculated once again with new 
initial data and then another convergence analysis will be performed (repeat item 1). 
5. The process will end when the correction of the coefficients will no longer be necessary, i.e. 
the change error will reach the acceptable level.  

RPMS offer users not only the optimal solution calculation but also a wide range of other 
options: 
o generate reports in .txt, .html, .xls, .xlsx, .xml; 
o connectivity with SAP R3; 
o possibility of import / export of projects with extension .cab; 
o up-dating of distillation curves and properties on narrow fractions for hydrocarbon starting 

materials etc. 

The framework of RPMS modelling is shown in Figure 2. Data on raw material such as 
acquisition price, minimum and maximum limitations (left and right array constraints) will be 
entered in a separate table in the form shown in Figure 3. 
 

 
Fig. 2. Modelling framework in RPMS (Severin, 2016) 
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Fig. 3. Matrix of hydrocarbon starting materials in the RPMS interface (Severin, 2016) 

In Figure 3 the COST column will be completed with the purchase prices of hydrocarbon 
feedstock, the MIN and MAX columns - with logistic limitations. Similar tables exist for 
finished products, semi-finished products, utilities, additives, chemicals and catalysts. 
 

 
Fig. 4. The Matrix of Distillation Curves of Hydrocarbon Starting Materials in RPMS (Severin, 2016) 

Figure 4 (where x11, x12, ......x89 - potential of different petroleum fractions) will also contain 
the physico-chemical properties of narrow oil fractions such as: density, sulfur content, 
viscosity, average boiling point, hydrocarbon weight naphthenic for naphthenic fractions, 
aromatic hydrocarbons for naphthenic fractions, freezing temperature for primary distillation 
diesel fractions, Conradson petroleum coke for vacuum residue etc. 

 
Fig. 5. Standard Unit1Installation Matrix in RPMS (Severin, 2016) 

Unit 1 MP1 MP2 MP3 UTL
MWGTMP1 Raw  material 1 100
MWGTMP2 Raw  material 2 100
MWGTMP3 Raw  material 3 100
MWGTPR1 Product 1 -10 -9 -7
MWGTPR2 Product 2 -5 -20 -16
MWGTPR3 Product 3 -20 -15 -12
MWGTPR4 Product 4 -23 -45 -30
MWGTPR5 Product 5 -41 -9 -34
MWGTLSS Losses -1 -2 -1
EUN1CAP Capacity Unit 1 1 1 1 -1
UTILENE Electric energy 0.3 
UTILSTM Steam 0.5 
UTILAPA Water 0.1 
UTILCOG Gaseous fuel 0.4 

Crude quality RM1 RM2 RM3 RM4 RM5 RM6 RM7 RM8

MWGTFR1 Gas fuels x11 x21 x31 x41 x51 x61 x71 x81 

MWGTFR2 C3 x12 x22 x32 x42 x52 x62 x72 x82 

MWGTFR3 C4 x13 x23 x33 x43 x53 x63 x73 x83 

MWGTFR4 C5-C6 x14 x24 x34 x44 x54 x64 x74 x84 

MWGTFR5 C7-180 x15 x25 x35 x45 x55 x65 x75 x85 

MWGTFR6 180-360 x16 x26 x36 x46 x56 x66 x76 x86 

MWGTFR7 360-560 x17 x27 x37 x47 x57 x67 x77 x87 

MWGTFR8 560+ x18 x28 x38 x48 x58 x68 x78 x88 

MWGTFR9 Losses x19 x29 x39 x49 x59 x69 x79 x89 

Raw Materials COST MIN MAX

RM1 Oil 1 378 50000 80000

RM2 Oil2 385 130000

RM3 Oil 3 353 20000 30000

RM4 Oil 4 362 30000

RM5 Oil 5 329 0

RM6 Oil 6 409 30000

RM7 Oil 7 415 0

RM8 Oil 8 370 80000
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Figure 5 shows the standard matrix of a technological plant, in which RM1, RM2 and RM3 
produce PR1-PR5 products, each with its own yields. Depending on the capacity of the 
installation, which is calculated as the sum of inputs of raw materials RM1-RM3 are consumed 
electric energy (0.3 units /t), steam (0.5 units /t), water (0.1 units /t) and gaseous fuel (0.4 units/ 
t). Mixtures in RPMS are defined in separate tables, which contain information about flows that 
participate in mixing but also the properties that the mixture has to meet. 

Example of Practical Applications of RPMS in Optimized Production 
Planning Decisions 

The example refers to the assessment of the influence of the price difference between MTBE 
and the gasoline in deciding on the operating regime of the catalytic reforming plant (CR). In 
order to preserve their competitive position on the market, each refinery (or other economic 
agent) has to make optimal decisions, so that from the multitude of possible decisions to take 
the most optimal and fulfilling all conditions (constraints). 

In this case, a real case of technical and economic analysis will be studied regarding the 
operating regime of the catalytic reforming plant (CR). The CR installation can operate under 
reduced or increased severity. In case of low severity operation, the reformatted components 
efficiency will be higher than in the case of increased severity, but research octane number 
(RON) will have lower values. Table 2 defines gasoline components and their properties. 

Table 2. Gasoline components and their properties 

 

* all 6 components will be used to produce gasoline with RON min 95. Only MTBE can be sold as a 
separate product. 
** one of the two types of reformatted is produced. Reformatted 1 occurs at CR operation at 525°C 
(increased severity), while reformatted 2 at 520°C (reduced severity). 

 
Table 2 presents that MTBE is the only component of gasoline that can be used directly in 
mixture with gasoline or can be sold separately as a final product. At the same time, MTBE has 
the biggest RON value, i.e. 31 units more than the specifications of the gasoline specification 
(min. 95 RON). 

The management of the refinery wants to know when to operate the CR installation under 
conditions of increased severity (525° C) and under conditions of low severity (520° C). It is 
also known that the variation in the price difference between MTBE and gasoline on the market 
is 50-200 $/t. With the RPMS software simulation can be done in just 20-30 minutes, depending 
on the user's ability to model the changes in the LP. 

Following several simulations, a series of results will be obtained, to be processed in EXCEL 
(Microsoft Office Support) to enhance the decision point (Table 3). 

 

 

Nr. Components* Production, t SG(specific gravity) Production, m3 RON

1 Reformatted 1** 375.0 0.820 457.3 102.0

2 Reformatted 2** 380.0 0.818 464.5 100.0

3 Isomerized 200.0 0.691 289.4 86.0

4 Hydro-finished gasoline 300.0 0.743 403.8 89.0

5 TAME 50.0 0.755 66.2 115.0

6 MTBE 100.0 0.740 135.1 126.0
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Table 3. Results of simulation in RPMS regarding the influence of price difference between MTBE and 
gasoline, in order to decide on the operating condition of the CR 

 
 

 

Fig. 6. Influence of the price difference between MTBE and gasoline on the optimal operating regime of 
the CR installation 

 

Decision point, 
96,2 $/t 

        Regime 525oC                    Regime 520oC

Price difference Regime 525°C Regime 520°C

$/t k$ k$

50 516.90 518.35 520
55 517.56 518.86 520
60 518.22 519.36 520
65 518.88 519.86 520
70 519.54 520.36 520
75 520.20 520.87 520
80 520.86 521.37 520
85 521.52 521.87 520
90 522.18 522.38 520
95 522.84 522.88 520
96 522.97 522.98 520
97 523.11 523.08 525
98 523.24 523.18 525
99 523.37 523.28 525
100 523.50 523.38 525
105 524.16 523.88 525
110 524.82 524.39 525
115 525.48 524.89 525
120 526.14 525.39 525
125 526.80 525.90 525
130 527.46 526.40 525
135 528.12 526.90 525
140 528.78 527.40 525
145 529.44 527.91 525
150 530.10 528.41 525

Optimal operating 

mode, °C
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From Table 3, applying interpolation, it results that the decision point is 96.2 $/t, which means 
that at the price differences between MTBE and gasoline higher than 96.2 $/t, the optimum 
operating mode of the CR installation will be in conditions of increased severity (525°C). Figure 
6 shows the competitiveness between the operating modes of the CR installation, based on the 
difference in price between MTBE and gasoline. 

Conclusions 

The purpose of the RPMS software and other optimization software is to reduce the time needed 
to obtain an optimal solution and eliminate the human factor in the possibility of omitting 
certain limiting factors in the problem. Therefore, the correctness and precision of the optimal 
solution depends directly on the correct configuration of the LP model and allowed tolerances.  

It was analysed the influence of the price difference between the MTBE component and the 
reformatted components resulting from the operation of the catalytic reforming system in two 
regimes. In this example it results that at a price difference of more than 96 $/t it becomes more 
efficient to increase the severity of the process to increase the RON of the reformatted 
components, while is losing the yield in reformatted components and in total in gasoline, but on 
the other hand arise the possibility of using MTBE at a higher price than that of the blended 
gasoline. 

In this case the software works with matrices approved by the refinery experts in several sectors 
of activity (technologists, installers, logistics specialists, economists, quality specialists, 
planning engineers), without the need to introduce major changes from a plan to another. The 
usual changes will be related to price updating, change of purchase and sales limitation matrix 
to customer demand, upgrading utility prices, updating capacity availability of technology 
facilities, and introducing seasonal quality restrictions (where applicable). In the case of 
production planning, the processing volume of raw materials of hydrocarbon origin is usually 
optimized. 

The decision will be made taking into account the RPMS results that will generate information 
about the operation of the facilities (yields, operating regime, raw materials used) and the 
composition of the mixtures. In order to make the decision known to other organizational 
structures involved in the production process, in economic and financial analysis and in 
logistics, RPMS generates a series of .xls (EXCEL) reports ready to be delivered. 
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