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Introduction

Efficient refinery network operation and optimal
product distribution demand advanced decision-
support tools that can cope with the increasing
complexity and stringent economic requirements of
modern oil refineries. Traditional linear programming
(LP) techniques, while mathematically tractable,
often oversimplify the nonlinearity inherent in major
refining units, thereby limiting the accuracy and
operational value of their optimization outcomes.
This study addresses the need for a comprehensive
mathematical modeling framework, benchmarking the
capabilities of both LP and nonlinear programming
(NLP) methodologies using real plant data.

Objectives

The main objective is to systematically compare
conventional LP and more advanced NLP models in
the context of refinery-wide planning, with particular
attention to profit maximization, product quality,
process flexibility, and adaptability to real industrial
operations. The research focuses on the full-scale
network of the Shazand Arak refinery [1], a complex
plant with diverse unit operations and blending
constraints.

Materials and Methods

The mathematical framework developed includes
the entire process and product flow network of the
refinery, integrating three main layers: feed allocation,

Accepted: April 12, 2025

intermediate stream management, and final blending
for product slate optimization.

Model Construction
- The LP model is built with linearized equations
representing unit yields, product blending, and market
constraints, based on literature standards and prior
optimization studies.
- The NLP model extends this by embedding true
nonlinear process relations—particularly
governing octane number estimation for reformulated
gasolines and Reid vapor pressure (RVP) for volatility
control.
- Both models include complete mass balances,
process operating bounds, unit capacities, and market
demand constraints.
The octane number is a key indicator of gasoline quality
and is blended volumetrically using the blending
index of each component. In addition, since true
octane numbers do not blend linearly, it is necessary
to employ blending indices for accurate calculation.
Moreover, various blending models are available in
the literature, with one of the simplest forms expressed
through the following analytical relation [2]:
RONI, =651z° —1552.92°

+1272z —299.5

RON
where z=—
100

those
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>V, xRONI,
RON blend = —
27

The Reid vapor pressure (RVP) is another vital
property, particularly for gasoline and jet fuels, serving
as a benchmark in blending operations. RVP is defined
as the absolute vapor pressure exerted by a liquid
fuel mixture at 100 °F. When blending components
with varying RVP values, a blending index approach
is typically used to estimate the RVP of the final
mixture. One such method is provided in [2] and can
be expressed as:

S, xRVPBI,

—_s
blend —
2V

s

RVPBI

By incorporating these nonlinear relationships into the
optimization model, the NLP approach enables a more
accurate assessment of product quality and operational
efficiency compared to traditional LP methods.
Computational Tools

- GAMS optimization software is used for both LP and
NLP model solutions.

Data Sources

- Actual operational data from Shazand Arak refinery
and validated research datasets (e.g., Rashidi etal. [1]).

Results

Table 1 presents the comparative results of key
variables for optimized refinery configurations, with
the findings summarized below:

Table 1 Comparison of results related to optimal variables in calculations.

L Corresponding Vari- | Current State of | Nonlinear Val- | _ | . Results of Rashidi et
Description . Linear Value (this work)
able the Refinery ue (this work) al. [1]
- Functi

Objective - Function | , 14317043 14593E+7 | 1.4322E+7 1.4387E+7
($/day)
LPG (tons per day) | x, 520 520.28 520.28 520.28
Light Naphtha Sent

‘8T AP SE | 390 0 390.000 390.000
to Petrochemical 2
H Naphth; t

eavy Nap . a Sen X 0 0 0 0
to Petrochemical 3
Gasoline  (Regular

X 2960 3986 3012 2800

87) 4
Platformate X 650 77 660 872
Blended Naphtha X, 0 741 741 741
Kerosene X, 2332 945.24 1728.88 0
K Sent to Pet-

erosene Sentio Fe | 0 418 0 1695
rochemical 8
Heavy Jet Fuel X, 410 1317 1317 1317
Diesel X0 8363 7402 7402 7402
Fuel Oil X, 7266 9005 7448 6902
Raw Oil X, 352 0 0 579
Vacuum Residue X, 1192 0 1192 1192
Light Liquid Fuel X, 0 103 103 103
Heavy Liquid Fuel X5 0 0 0 0
Pyrolysis  Received
from Arak Petro- | X, 0 77 77 77
chemical

Quantitative assessment and solution of both models
led to several key findings:

Economic Performance

The NLP model demonstrates a 2% increase in daily
profit (14.59 million versus 14.32 million for LP),
stemming from improved allocation of feedstock and
enhanced blending flexibilities.

Product Yield and Quality

Gasoline production in the NLP scenario rises
considerably, while the output of low-value byproducts
is reduced, directly linked to improved management of
intermediate streams.

Model Accuracy

Prediction error for product specifications (e.g., octane,
RVP) drops below 5% with NLP, compared to ~20% in



the LP model; this reflects a significant advancement
in representation of real refinery operations.

Waste Minimization

Optimized flow routing in NLP yields a 12% reduction
in process losses, contributing to both environmental
benefits and economic savings.

Scalability and Transferability

The proposed modeling approach and structure
are applicable to other refineries with appropriate
adjustment of unit models and parameters.

Discussion

This research highlights the inadequacy of relying
solely on linear approaches for complex refinery
planning. The NLP model’s superior performance
derives from its capacity to explicitly consider
nonlinear interactions within process units, capturing
phenomena such as blending rules, product property
correlations, and operational synergies otherwise
masked by linearization. The demonstrable uplift
in profit and product quality, combined with the
reduction of losses, affirms the necessity of moving
towards advanced optimization methods in process
industries, particularly as tightening economic and
environmental constraints require adaptive and robust
planning strategies.
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Conclusion

Comprehensive comparison and application of LP
and NLP models in a real refinery context show
unequivocally that NLP delivers superior economic
and operational outcomes, with error margins more
consistent with actual plant data. The study provides a
transferable and adaptable mathematical framework for
refinery-wide optimization, marking an advancement
in both the theory and practice of modern refinery
operations. Future work may focus on integrating
uncertainty analysis, online optimization, and further
process intensification modules.

Nomenclatures

LP: Linear programming
NLP: Nonlinear programming
RVP: Reid vapor pressure
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