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ABSTRACT 
To address the dynamic operational demands of the gas processing sector, which is continuously 
evolving due to gas market opening, increase in natural gas production, and the growing challenge 
of upstream-midstream integration in a competitive environment, this work presents the Inte-
grated-Gas-Scheduling-System, IntegraGAS. The proposed methodology innovates by using first 
principles rigorous process simulation coupled with a scheduling tool for short/medium/long-term, 
enabling gas plants to swiftly adapt to varying operational conditions and meet the requirements 
of this new market. IntegraGAS was implemented in Petrobras and has significantly enhanced 
scheduling efficiency, reducing execution time by up to 99.2% and avoiding approx.  
US$ 2.3 million in annual labor costs, optimizing resource utilization. By integrating Excel for the 
frontend, Aspen HYSYS for process simulation, VBA for automation, and Microsoft PowerBI for 
real-time data visualization, IntegraGAS improves decision-making, regulatory compliance, and 
operational agility. Its key functionalities include alerts for operational limit violations, automated 
mass and energy balance calculations, optimized gas allocation, integration with maintenance 
shutdown plans and KPI monitoring. With an intuitive interface and a robust architecture driven by 
digital transformation, IntegraGAS eliminates manual inefficiencies, ensures seamless coordination 
among stakeholders, and enables rapid responses to market dynamics.  

Keywords: Scheduling, Modelling and Simulations, Natural Gas, Planning, Planning & Scheduling, additional 
keywords separated by commas 

INTRODUCTION AND OBJECTIVES 
Natural gas processing plays a pivotal role in the oil 

and gas production chain, being responsible for treating 
the raw gas and separating impurities that can impair 
product quality [1]. This process not only ensures that 
gas meets the standards for end-use, but also maximizes 
production efficiency and resource value. Furthermore, in 
the context of global energy transition, natural gas is 
gaining increasing relevance due to its ability to function 
as an intermediary energy source — cleaner than oil and 
coal, yet still essential to meet global energy demand 
while renewable alternatives are not fully viable [1, 2]. 

In Brazil, the importance of natural gas processing has 
been further accentuated by the development of pre-salt 

reserves, where the high gas-oil ratio is a challenge, 
creating a need for advanced infrastructure for its 
processing and commercialization. This gas must be 
separated and appropriately treated before being 
transported or utilized. Therefore, the increase in natural 
gas production demands efficient and innovative 
solutions, both to optimize industrial operations and to 
ensure competitiveness in the global energy market. 

The opening of the gas market in Brazil, driven by recent 
regulatory reforms, has marked a significant change in 
the country’s energy sector [3]. With the approval of Law 
11.909/2009, all companies gained access to gas 
transportation and processing infrastructure, previously 
restricted to the owner of the processing facility. This 
move aims to increase competitiveness, reduce gas 
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costs, stimulate investments in new infrastructure and 
contribute to the diversification of supply sources, which 
is essential for national energy security [3, 4]. This new 
framework thus yielded a more dynamic, fast-paced and 
complex multi-party environment. 

Gas market opening has introduced new operational and 
logistic challenges, particularly regarding management 
and scheduling of gas processing and its products. 
Previously centralized within a single player, scheduling 
now involves a multitude of stakeholders with varying 
demands and priorities. The complexity has increased as 
each economic actor requires dynamic and efficient 
management to handle its products, ensure contract 
compliance, transport optimization, cost management 
and adherence to regulatory standards [3, 4]. 

In this context, scheduling of natural gas processing 
plants has become a critical process, as production 
planning needs to be frequently adjusted to meet variable 
demand while simultaneously optimizing resources. The 
need to perform detailed and accurate simulations to 
manage multiple scenarios, involving variables such as 
gas flowrates, processing capacity and contractual 
requirements, calls for more elaborated tools [3, 4]. 

Whereas traditional works on chemical production 
scheduling rely on simplified models (linearized versions 
of highly nonlinear systems and/or recovery factors) [7] 
and do not consider key process variables such as flows, 
compositions and temperatures [7], this is no longer 
sufficient to address the complexity of this new context. 
This work intends to fill this gap by proposing an 
innovative integrated first principles scheduling 
methodology and applying it into a digital-based tool for 
industrial application. Throughout this article, the details 
of IntegraGAS implementation at Petrobras, observed 
benefits, and its contributions to the digital 
transformation of the natural gas sector will be explored. 

METHODOLOGY 
To reach the objective of this work, a practical case 

study was chosen for proof of concept and industrial ap-
plication: Petrobras integrated natural gas processing as-
sets. IntegraGAS was developed, tested and applied at 
each gas asset for: plant modeling, automation, integra-
tion and management of the scheduling processes. The 
next subsections will cover details on the case-study 
system, plant modeling and computational aspects that 
yielded IntegraGAS. 

System Description 
The system in study consists of four industrial gas 

processing assets: UTGC, UTGCA, UTGCAB and UTGITB. 
They are part of Petrobras natural gas processing area, 
which is illustrated in Figure 1. In each of those midstream 

assets, three main scheduling processes are carried out; 
they vary in time-horizon, level of detail required from 
planning and frequency, as detailed in Table 1. 

 
Figure 1. Illustration of Petrobras integrated natural gas 
processing system, showing the connections between 
upstream and midstream (UTGC, UTGCA, UTGCAB, 
UTGITB) facilities along Brazil coast. 

Table 1: The three scheduling processes that are consid-
ered in this work. Details include the number of simulation 
scenarios, time basis and frequency of each of them. 

Time 
horizon 

Simulation  
scenarios 

Time  
basis 

Frequency 

Short  
 

days 
days 

daily 
monthly 

Medium  months monthly 
Long  

 
months 
years 

annually 
annually 

Plant Modeling 
Unlike most scheduling tools [7], this work chose a 

first principles rigorous approach for plant modeling. This 
decision was based on business evaluation, considering 
that the requirements of this new dynamic market sce-
nario are not anymore satisfied by classic simplified ap-
proaches, such as recovery factors and linear models. 

Aspen HYSYS was the commercial simulator chosen 
for all plant modeling, due to its widespread usage and 
peer-recognition for natural gas processing simulation. 
Every asset had its specific first-principles process 
model, as illustrated in Figure 2. Each model was devel-
oped in the light of the current official plant Process Flow 
Diagrams (PFDs), allowing for rigorous and accurate rep-
resentation of the industrial asset as well as for easy ver-
ification and third-party auditing of the model and its re-
sults. Proper model validation was then carried out along 
with the plant Operations team, by comparing product 
flowrate outputs, per model, against actual data. 

The simulations were specifically tailored for sched-
uling application, ensuring appropriate compromise be-
tween model fit, execution time and open-market trans-
parency requirements. Also, an extensive engineering 
work was carried out on mapping key process plant var-
iables, i.e. the ones to which production scheduling was 
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the most sensitive and adding them as frontend user in-
puts (manipulated variables at IntegraGAS) in two levels: 
a) main and b) specific. 

Computational aspects 

Architecture 
IntegraGAS architecture was conceived based on 

the following business goals: (1) plant modeling should be 
rigorous and executed on recognized commercial pro-
cess simulator; (2) interface and usability should be user-
friendly and easy for Process Engineers to adapt, thus in-
creasing software adoption; (3) software maintainability 
and improvement should be easy and fast to implement, 
in accordance with business dynamics. 

Based on these criteria, IntegraGAS architecture 
used Microsoft Excel for the frontend, VBA (Visual Basic 
for Applications) for engine calculations and an OLE con-
nection between VBA and Aspen HYSYS to enable auto-
mated rigorous process simulation, as seen in Figure 3. 

From Figure 3, it is important to emphasize that In-
tegraGAS connection with plant modeling was such that 
HYSYS simulation files stay totally transparent to the end 
user, who interacts only with the application frontend 
(Excel). Thus, while IntegraGAS robustly guarantees ac-
curate and rigorous process simulation results, it is not 
necessary for the end user to be familiar with HYSYS, 
keeping the access to IntegraGAS simple and easy to use 
throughout a wide range of users from the gas plants. 
This is especially important for this application, since the 

short-time scheduling process is required by contract to 
be executed every day, even on weekends; this means 
that different shifts will be working to meet this process. 

 
Figure 3.  IntegraGAS architecture made in this work. 

Features 
IntegraGAS is organized into three main sections, 

designed to address the scheduling processes detailed 
in Table 1. Each section incorporates functionalities that 
enhance user efficiency and ensure seamless integration 
with operational workflows: 
1. Data input: streamlines the collection and consoli-

dation of raw gas data by integrating information 
from various processes, systems, and departments 
through standardized Excel spreadsheets. This fea-
ture reduces manual data handling errors and en-
sures consistency across dataflow. 

2. Simulation environment: offers an intuitive and dy-
namic workspace to: a) configure multiple scenarios 
by adjusting key manipulated variables, enabling 
flexible what-if analyses; b) execute rigorous pro-
cess simulations with speed and accuracy; c) ana-
lyze detailed results and turn them into actionable 

 
Figure 2. Representation of the main flowsheet from Aspen HYSYS simulation model of UTGC (a), UTGCA (b), 
UTGCAB (c) and UTGITB (d). 
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insights for business planning and decision-making.  
3. Scheduling export: automates the generation and 

export of production planning results tailored to 
short-, medium-, and long-term needs, facilitating 
seamless interaction between teams and systems. 

User Interface and Engine 
IntegraGAS frontend uses Microsoft Excel due to its 

familiarity among process engineers, enabling smooth 
adoption and seamless integration into daily workflows. 
Excel’s intuitive interface simplifies data input, scenario 
configuration and result analysis without requiring addi-
tional training or specialized software expertise.   

The engine, built in VBA, connects directly to Aspen 
HYSYS simulations, offering:   
1. Flexibility: Custom functionalities tailored to plant-

specific needs.   
2. Dynamic Updates: Easy fit to plant modifications, 

business demands, and new scheduling methods.   
3. Automation: Streamlined calculations and integra-

tion with first-principles HYSYS models, ensuring 
accuracy with minimal manual effort.   
The interface is designed for simplicity and effi-

ciency, featuring well-structured Excel worksheets with 
drop-down menus, conditional formatting, and auto-
mated alerts. This reduces cognitive load and allows en-
gineers to focus on optimizing production plans and eval-
uating scenarios.   

Information Security 
In all sections of IntegraGAS the appropriate infor-

mation security measures are applied. This means that 
the user does not manipulate the input/output data at any 
time nor has editing privileges to alter any of these num-
bers after the input/output procedure is complete, since 
the tool is password protected and only the development 
team has admin privileges. This guarantees a secure and 
reliable dataflow, a primary requirement for this applica-
tion in case of auditing or questioning by third parties.  

Operation aspects 
To further enhance usability and reliability, Integra-

GAS included a suite of advanced features focusing on 
operation performance: 
1. Automatic Alerts: Notifications for operational limit 

violations and convergence status, ensuring compli-
ance with safety and performance standards. 

2. Data Consistency Checks: Built-in validation mech-
anisms to identify and correct inconsistencies in in-
put data before simulation. 

3. Mass and Energy Balance Calculations: Automated 
balances ensure all simulations maintain physical 
accuracy and adhere to process constraints. 

4. Integration with Shutdown Plans: Synchronizes 
scheduling with planned maintenance activities to 
minimize downtime and operational disruptions. 

5. Automated Gas Allocation: Streamlines the distri-
bution of processed gas, including calculations for 
flaring and fuel gas, to optimize resource utilization. 

6. KPIs: Calculation and graphical display of the main 
business key performance indicators of each asset. 
Moreover, by combining advanced modeling capa-

bilities with a user-friendly interface, IntegraGAS not only 
simplifies complex scheduling tasks but also empowers 
process engineers to focus on strategic decision-making. 
The robust architecture and automation reduce manual 
effort, enhance operational accuracy and support plants 
in achieving optimal performance with minimal downtime. 

RESULTS AND DISCUSSION 

Plant Modeling 
Plant simulations were carried out in Aspen HYSYS 

v11/v14. Each model was validated against actual plant 
history data and showed good fit, with deviations under 
10 % – the validation results and methodology followed 
previous literature works from the same research group 
[5, 6], where further details can be found on the model. 

Computational aspects 

Features: development and gains 
The main features that were created specifically for 

IntegraGAS are shown in Figure 4, which gather multiple 
screenshots from the tool Main Dashboard (a) and Simu-
lation Environment (b). This structure aimed to fulfill the 
requirements mapped in Table 1 besides making the 
scheduling process easy to be conducted. They are re-
flected in the three sections of the Main Dashboard (Fig-
ure 4.a): short-term (a.1), medium-term (a.2) and long-
term (a.3). For each, the main features are: 
1. Data input: Represented by the yellow buttons in 

Figure 4a. Collects data via VBA code. Data refers 
to the plant inlet gas stream, per entry point, at  
20 oC and 1 atm, mole composition, temperature and 
pressure. IntegraGAS collects information from 
those files, manipulates them and presents to the 
user in a friendly and easy-to-interpret layout 
(shown in Figure 4b.2).  

2. Simulation environment (Figure 4b): The process 
engineering core of IntegraGAS. It is the main hub 
from where user defines the main manipulated vari-
ables (Figure 4b.3), configures and executes simu-
lations (Figure 4b.1), and analyzes input/output data 
(Figure 4b.1/b.4). Allows for automatized multi-case 
execution of simulation scenarios (Figure 4b.1) and 
performs input data checking (Figure 4b.1). 

3. Scheduling export: Represented by the yellow but-
tons in Figure 4a. Generates structured planning 
output, fitted to the scheduling process under exe-
cution. Exports the results as an Excel file and saves 
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it in a user-selected folder. 
Those implemented features yielded several gains. 

The main were, per feature: (1) secure and seamless data 
flow; information integrity and consistency between gas 
plants, (2) centralized information from different sources 
in one environment, reducing manual data handling; easy 
manipulation of plant simulation from Excel frontend, 
even for users without HYSYS experience; multi-case ex-
ecution of simulations in one go; easy data checking and 
error identification, (3) automatic file generation in stand-
ard layout, reducing labor expense and human errors. 

Execution time 
By automatizing the process, one of the major gains 

was on the reduction of total execution time to generate 
planning results. The manual approach required several 
data handling, manipulation and one-by-one input in the 
HYSYS simulation files. This process was extremely labo-
rious and inefficient – IntegraGAS approach was up to 125 
times faster, as seen in the numbers from Table 2. 

Performance Gains: Business aspects 
The expressive reduction in execution time, dis-

cussed in the previous section, yielded a direct gain for 
business: lower labour cost and resource optimization. 

With this time saving, plant Process Engineers can focus 
on more specialized tasks, such as results analysis, pro-
cess investigation and plant optimization. 

 For instance, considering only the short-term 
scheduling, a total of 992 process simulations are exe-
cuted per month, per gas asset – or 11’904 per year. Con-
sidering the reduction in execution time (Table 2) and a 
reference labour cost of US$ 53.9 per working hour (Bu-
reau of Labor Statistics), IntegraGAS is returning a total 
savings of US$ 2.3 million per year for Petrobras natural 
gas processing sector. Still adds to this number the po-
tential gains for medium- and long-term scheduling. 

Petrobras Natural Gas Strategic Plan 
IntegraGAS did also cover the main scheduling pro-

cess in Petrobras: Annual Strategic Plan. This process is 
key for being highly strategic for long-term business de-
cisions – and consequently demands a high level of inter-
action and flow of information with other systems and 
business departments, such as: Strategy, Performance, 
Logistics, Marketing, Commercialization and Up-
stream/Midstream Operations. 

IntegraGAS was successfully used in Petrobras Nat-
ural Gas Strategic Planning 2025-2029, conveying a 

 
Figure 4. a) Main dashboard in Excel, where desired planning is chosen: a.1) short-, a.2) medium-, or a.3) long-
term. Each has three features (buttons): input data import (yellow), access to the Simulation Environment 
Dashboard (blue) and export of simulated results (green). b) Simulation Environment Dashboard, where users can 
analyze and simulate data: b.1) Dedicated buttons to additional functionalities. Displays simulation times and 
convergence status. b.2) Input data such as flowrates and compositions, marked in blue. b.3) User-manipulated 
variables, marked in yellow. b.4) Simulation results, marked in gray, including mass and energy balances. 
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seamless functionality that integrated all this scattered 
information and yielded consistent and reliable results for 
proper decision-making on investment analysis and stra-
tegic planning. Also, by providing structured input and 
output results, IntegraGAS enabled the development of a 
Business Intelligence (BI) layer for data visualization, 
making strategic data readily available online across de-
partments, thus reducing time spent on data handling 
and information sharing, as well as ensuring proper infor-
mation security, access control and data levelling. 

Table 2: Comparison between planning execution time 
with manual and IntegraGAS approaches, by gas asset. 

Visual Identity 
A logo (Figure 5) was created to strengthen Inte-

graGAS identity and symbolize departmental integration 
for optimizing gas processing. 

 
Figure 5.  IntegraGAS logo created by this work. 

CONCLUSIONS AND FUTURE WORKS 
This work intended to propose a novel approach for 

production scheduling, utilizing the implementation of a 
digital-based tool (IntegraGAS) in four assets of 
Petrobras natural gas processing sector as case study. 
IntegraGAS architecture used Excel for frontend, VBA for 
engine and direct OLE communication between VBA and 
Aspen HYSYS – this facilitated software retention by end 
users, who are familiar with Excel applications. The most 
distinguishing and innovative feature of this approach is 
the transparent use of first principles rigorous simulation 
for plant modeling, what guarantees consistent, verifia-
ble and reliable simulation results – key requirements of 
the multi-party open gas market scenario – while being 
transparent to the end user. The implementation of Inte-
graGAS was successful and it has been in use in the in-
dustry since 2022, with hundreds of thousands of simu-
lations successfully executed so far, considering short-, 
medium-, and long-term planning. 

This work contributed to the literature by success-
fully developing, implementing and testing a novel first-

principles integrated scheduling tool, with industrial ap-
plication, that delivered rigorously accurate yet fast, au-
ditable and reliable automated results. For future works, 
the suggestion is to develop a higher-level decision layer, 
by integrating upstream and midstream planning as a sin-
gle system (Figure 1), thus opening the path for unified 
planning and optimization studies. 
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Asset Execution time (min) 
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UTGC   
UTGCA   
UTGCAB   
UTGITB   

https://doi.org/10.1016/j.jngse.2016.06.030
https://doi.org/10.1016/j.enpol.2012.07.063
https://doi.org/10.1016/j.dche.2022.100070
https://doi.org/10.1016/B978-0-443-28824-1.50552-4
https://doi.org/10.1016/B978-0-443-28824-1.50552-4

