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1.	 INTRODUCTION

The evolution of project management has been growing 
due to the complexity of the projects, their size, project ob-
jectives and the increasing turbulence in the environment 
and operations (Costa et Ramos, 2013).

The commissioning process is extremely important for 
the evaluation of the systems and equipment of an indus-
trial unit. According to Bendiksen et Young (2005), com-
missioning was a process that was associated only with the 
shipbuilding industry, which during the quay test the ship’s 
equipment was evaluated and, from that assessment, it was 
ensured that it was in perfect condition before departure. 
Performing the commissioning is beneficial as it is possible 
to detect non-conformities and problems in their construc-
tion and assembly. Thus, by planning the necessary actions, 
one can reduce maintenance costs, avoid rework and reduce 
the time of activities. In an initial stage, it is possible to mi-
nimize the possible failures/defects at the beginning of the 
operation of the system under evaluation.

Commissioning is a practice applied to different systems, 
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and some examples reported in literature are: instrumen-
tation systems with wireless (Costa et al., 2014), refinery 
process with heavy oil (Kemaloglu et al., 2009), wastewater 
treatment plants (Gikas, 2008) and systems connected in a 
microgrid with IEC 61850 (Ruiz -Alvarez et al., 2010).

Within all systems used by the oil industry, gasification is 
of extreme relevance due to its diversity of use (much used 
for the generation of electric energy) and the generation of 
synthesis gas (syngas), which can also be used for generating 
energy, as presented by Marculescu et al. (2016).

The gasification process refers not only to a change of 
physical state, but to the chemical transformation of solid or 
liquid fuels into a synthesis gas, which is a mixture of com-
bustible gases. This synthesis gas can be directly ignited for 
the production of energy, or it may result in the raw material 
of other compounds of industrial origin, such as derivatives 
of plastic, for example, which may also result in fuels but in 
another physical state of matter (Silva, 2016).
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Due to the great environmental disasters that occurred in 
the 1990s, organizations began to reflect on the tools used 
and how to use energy resources (Assis et al., 2012). Thus, 
gasification has come to reduce the use of fossil fuels.

In order to evaluate and obtain a better understanding 
in terms of the process of commissioning and gasification, a 
generic macroprocess will be presented to facilitate unders-
tanding. The macroprocess was described by Baum (2015) 
as a means by which an organization brings together activi-
ties with the purpose of generating value and achieving its 
goals. Two examples of the use of macroprocesses as a tool 
to support management in other sectors are: livestock (Ro-
sado Jr. et Lobato, 2009) and hotels (Silva et al., 1999).

The motivation for this article is the importance of per-
forming an integrated control on the commissioning of ga-
sification. With this, it is intended to present a generic ma-
croprocess with the main equipment in order to facilitate 
understanding and to give an overview of the methodology 
of the commissioning. The objective is to present a metho-
dology that can be applied to a commissioning process in a 
gasification system that uses, for example, petroleum pro-
ducts as fuel.

Firstly, the methodology consists in verifying how the 
gasification system of two large gasifier manufacturers, TE-
XACO and E-GAS, is carried out and, based on the acquired 
knowledge, to generate a generic gasification model that en-
compasses the main equipment.

2.	THEORETICAL REFERENCES

2.1 Commissioning

According to Costa et Ramos (2013), the current pro-
jects are quite complex and require a high diversity of skills. 
To deal with this, new forms of management are created. 
Commissioning is the process that ensures that systems and 
components of an installation are designed, installed, tes-
ted, operated, and maintained according to the needs and 
operational requirements of the facility (customer) owner. 
The commissioning can be applied to both new installations 
and existing units and systems in the process of expansion, 
modernization or adjustment (Brito et al., 2010).

The commissioning was also defined by Verri (2013) as a 
set of activities aimed at the preservation and verification of 
the functionality of items and systems, characterized by the 
performance of tests, verifications, measurements, calibra-
tions, adjustments and simulation tests to “ cold “, that is, 
energized tests, but without the application of load.

In the construction period of a project, the planning must 
be well designed to avoid delays, costs and duration of ex-
cessive activities. The same goes for commissioning, becau-
se it is at this stage that it is checked whether the systems 
and equipment are operating properly. According to Vaz 
(2010), the sequencing and dependence of the activities wi-
thin the commissioning, if accumulated, can result in delays 
due to the end of assembly and the elimination of pending.

According to Tanaka et al. (2012), many improvement 
projects do not achieve good results due to inadequate ma-
nagement, poor definition of the objective and lack of com-
mitment of the team. Therefore, for the implementation of 
an improvement project, it is necessary to know the relative 
variables to increase efficiency. Through proper planning, 
you can:

(i)	 Ensure the delivery of the work within the expected 
period;

(ii)	 Reduce the duration of commissioning;

(iii)	 Reduce project and maintenance cost.

For better defining and planning activities, a commissio-
ning team must be present since the beginning of the pro-
ject. This ensures the preservation of equipment, avoiding 
any unforeseen event during the construction of the project. 
This practice is not very common, due to the costs related 
to the maintenance of the commissioning team from the 
basic design to the delivery of the system in perfect opera-
tion, and in some cases, it is maintained even in the assisted 
operation.

In the execution of the planning, possible constraints that 
will exist during the project are identified. Such  cons-
traints  are known as critical path. According to Bendiksen 
et Young (2005), the critical path is the longest path within a 
schedule, that is, it is the path whose activities have a total 
float (time that does not impact the duration of the project 
in case an activity is delayed) equal to zero. Project resour-
ces should be targeted so that delays are avoided and a pre-
diction of problems occurs. As a result, managers are chal-
lenged to reorganize processes, reduce costs, manage time 
and meet other requirements, such as environment, safety, 
and social responsibility (Costa et al., 2013).

To succeed, the planned schedule must be followed and 
everyone involved must understand and work on critical 
path activities. Each time this schedule is reviewed, the cri-
tical path must be highlighted, and current progress must 
be constantly checked for possible deviations. If these occur, 
the reason must be verified and, if necessary, the schedule 
updated (Bendiksen et Young, 2015).
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To organize the commissioning within a project, a com-
missioning plan must be prepared and elaborated during 
the basic engineering period. In this plan, according to Vaz 
(2010), the following should be contained:

Delivery of the main equipment;

Formation of commissioning teams;

Description of the systems for commissioning;

Description of the resources to be used.

Table 1 provides summary instructions for the prepara-
tion of a commissioning plan.

2.2 Gasification

Currently, there is a concern of the companies with the 
environmental and social impacts. This is due to the more 
severe laws imposed by some governments. In this perspec-
tive, sustainability is a strategic differential for companies in 
search of greater efficiency and performance gains through 
innovation (Assis et al., 2012). With the search for clean fuels 
and the reduction of the use of fossil fuels, gasification has 
received considerable attention in recent decades, accor-
ding to Materazzi et al. (2016). Continuing with the thought 
of Materazzi et al. (2016), gasification is the conversion of a 
solid fuel into electricity or fuel gases (synthesis gas). Befo-
re presenting the gasification macroprocess, two examples 
used by the industry will be presented: the Texaco process 
and the E-Gas process.

2.2.1 Texaco

For this gasification process, the oil and steam are mixed 
in the burner. During the cooling of the synthesis gas gene-

rated by the gasifier there is the removal of impurities which 
are eliminated in the form of slurry. After cooling, the slurry 
is mixed with naphtha to remove impurities from the water, 
and this by-product is mixed with petroleum. The naphtha is 
recovered in the distillation tower and brought to the decan-
ter. After the naphtha has been removed, the remainder is 
used to feed the gasifier (Higman et Burgt, 2011).

In Figure 1, a simplification of the Texaco process is pre-
sented.

Boiler

Gasifier

Venturi 
Purifier

Purifier
Synthesis gas

Decanter Degasifier Separator

Oxygen

Waste feeding

Steam

Figure 1. Texaco Gasification Process
Source: Prepared from Higman et Burgt (2011)

2.2.2 E-Gas

The process begins with the preparation of the fuel of the 
gasifier. In this process, charcoal or crushed green petroleum 
coke may be used and mixed with water to form slurry. In-
side the gasifier, this slurry is mixed with oxygen in the first 
stage, resulting in the synthesis gas, which is brought to the 
second stage, where it is mixed with the slurry (it increases 

Table 1 - Commissioning plan

Item Document Activities Result Product

1

Engineering flowchart and 
single-line diagram.

Perform manual demarca-
tion and set commissioning 

packages.

List of packages by number 
and name.

Schedule of commissioning 
packages integrated with the 

enterprise
Premise: to consider the starting of the commissioning packages at 80% of the progress bar of the system assembly or pro-

ject area and ending them at the same 100% of the assembly.
Objective: the planning of the commissioning must be integrated to the overall planning before the phase of construction of 

the enterprise.

2 Lists of equipment, instru-
ments, lines and cables.

Evaluate according to the 
defined resources.

Define the groups of the 
commissioning steps.

Organization chart of the stages 
of the commissioning process.

3 Use the composition of the products of items 01 and 02 and the labor resources for the 
elaboration.

Man-hour histogram of commis-
sioning.

Source: Adapted from Vaz (2010)
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process efficiency). Leaving the gasifier, this gas is cooled, 
and the heat is reused, generating steam at high pressure. 
The synthesis gas is then filtered to remove the impurities. 
This synthesis gas, rich in hydrogen, is used to be burned in 
the turbine and generate electricity (CB&I, 2016).

In Figure 2, this simplified process is presented.

Fuel Treatment Gasifier Filtra�on Turbinefuel

Figure 2. E-Gas Gasification process 
Source: Prepared from CB&I (2016)

2.3 Macroprocess of Gasification

From the information of the studied processes, it is pos-
sible to perceive similarities between them, which allows 
their reduction and the presentation of the main stages of 
this system. Understanding this macroprocess is important 
for a good preparation of the commissioning, since it en-
ables the determination with greater precision of the time 
and of the necessary activities, besides the knowledge of 
which the main equipment is.

According to Santos et Neto (2012), every system, when 
implemented, needs strategy. Actions are made to minimize 
risks and assist in increasing the maturity of the organiza-
tion. Figure 3 presents a representation of this macropro-
cess under study.

Fuel Treatment Gasifier Purifica�on
system

Waste
treatment

Figure 3. Macroprocess
Source: The author

3.	SUMMARY OF ACTIVITIES

For the determination of the main stages of commissio-
ning, the main activities per discipline were evaluated in 
each system. The waste treatment system is presented as an 
example of the way in which the synthesis of activities was 
elaborated. The disciplines analyzed were: Mechanics, Pro-
cess, Electrical, Instrumentation and Control and Safety. The 
information of Functional Testing and Design Guides (2006) 
was used as reference for the summary of the activities pre-
sented below

•	 Mechanics:

•	 All fans should have easy access for installation 
and maintenance;

•	 Consideration must be given to the installation 
and operation of the speed variation gauge;

•	 Check that the motors are compatible;

•	 All transmission belts should be adjusted and 
aligned;

•	 Make sure ducts have not been contaminated 
with water and dust during construction;

•	 Check that the fan capacity conforms to the ins-
truments used and under what conditions the 
tests will be performed;

•	 Check alignment, fixation and identification of 
the components of the mechanical assemblies.

•	 Electrical:

•	 If necessary, the motor must be grounded;

•	 Backdraft dampers need to be tested for proper 
operation. Dampers that are not motorized shall 
open and close freely without binding, and mo-
torized dampers shall be connected to the con-
trol/automation system, verifying that they are 
opening prior to fan operation;

•	 Check phase sequence and power supply of dri-
ving equipment;

•	 Simulate faults in the power system and check 
signals in the supervisory (for example, overload 
tripping, temperature rise in the windings).

•	 Instrumentation and Control:

•	 Check whether pressure drop is triggered by the 
fire-fighting system and smoke damper;

•	 Perform loop testing for instrumentation me-
shes;

•	 Follow instrument verification scripts in the set-
-points defined in the project engineering;

•	 The system must be designed to maintain cons-
tant pressure, and other instrumentation sys-
tems must be checked.
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•	 Safety:

•	 Safety equipment and systems must be in good 
condition and reliable;

•	 The designed system shall be in accordance with 
Occupational Safety and Health Administration 
(OSHA) standard/local legislation, and clean;

•	 They must be installed and tested to verify pro-
per operation of the pressure relief ports.

•	 Process:

•	 The return, relief, and exhaust systems shall not 
exceed the pressure values stipulated in the de-
sign;

•	 Monitor for project values the operation of ma-
jor equipment, eliminating / recording anomalies 
and process standards outside the flow chart re-
ferences of projected processes.

4.	CONCLUSION

With increasingly complex projects, it became neces-
sary to carry out better monitoring and planning. One of 
the steps that most needs attention is the commissioning, 
which, if carried out properly, can reduce costs, assist in the 
detection of irregularities and reduce rework. According to 
Bendiksen et Young (2015), from 80 to 90% of the risks that 
materialize at the commissioning stage could be predicted, 
avoiding the reworking. This is because most risks from a 
management point of view are generic.

The system highlighted in this work is gasification, which 
can be used in several industries for the generation of fuel 
gas and energy. For a better understanding of this process 
and to facilitate the planning of the commissioning, a ma-
croprocess with the main equipment is proposed. From 
the evaluation of procedures used by the industry, the key 
equipment and a summary of the main activities were de-
tected.

It is understood that the simplification of commissioning 
with the reduction of activities for those considered essen-
tial is a way to reduce the cost with complex worksheets, 
contemplating systems in which, often, there is no activity or 
equipment installed. That is, the planning of commissioning 
is elaborated considering the list of activities in which there 
is no function to commission in the process in application. 
When presented with a reduced macroprocess and discipli-
nary planning, focusing only on basic systems, the time and 
cost in this process is reduced, allowing the planner to insert 

specific activities of equipment/process only when there is a 
need to evaluate the function.

In the example in focus, it is noted that the use of a macro-
processor becomes relevant to the proper understanding. 
With this understanding, one can plan the commissioning of 
the gasification system correctly, once its main equipment 
is known. From this premise, it is possible to elaborate the 
schedule with the necessary activities and the appropriate 
time. Thus, with the knowledge of the macro-process of ga-
sification, it becomes feasible to prepare the commissioning 
of the main equipment, facilitating its planning and focusing 
on the minimization of costs and activities in a first analysis.
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