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Abstract. Ergonomic Design is the adaptation of working conditions to human limitations and skills in the physi-
cal design phase of a new installation, a new working system, or new products or tools. Based on this concept, the
purpose of this work was to analyze the implementation of ergonomic design at the new industrial units of an oil
refinery, using the method of Ergonomic Workplace Assessment. This study was conducted by a multidisciplinary
team composed of operation, maintenance and industrial safety technicians, ergonomists, designers and engineers.
The analysis involved 6 production units, 1 industrial wastewater treatment unit, and 3 utilities units, all in the
design detailing phase, for which 455 ergonomic requirements were identified. An analysis and characterization
of the requirements identified for 5 of the production units, involving a total of 246 items, indicated that 62% were
related to difficult access and blockage operations, while 15% were related to difficulties in the circulation of em-
ployees inside the units. Based on these data, it was found that the ergonomic requirements identified in the design
detailing phase of an industrial unit involve physical ergonomics, and that it is very difficult to identify require-
ments related to organizational or cognitive ergonomics.
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1. Introduction generate this wealth [2]. Thus, the implementation of

ergonomics in the various activities involved in the

Brazil’s oil sector has been expanding its opera-
tions, led by Petrobras, the largest oil company in
Latin America, which is expected to rank among the

world’s five largest integrated oil companies by 2020.

A publicly traded corporation whose majority
shareholder is Brazil’s Federal Government,
Petrobras operates in the following sectors:
exploration and production, refining, oil and natural
gas trade and transportation, petrochemicals, and
derivatives, electric energy, biofuel and the
distribution of energy from other renewable sources
[1]. In view of the importance of the petrochemical
industry in Brazil, it is essential that, in addition to
the quality of its products, the company should be
concerned with the wellbeing of the employees that

petrochemical sector is extremely important.

According to lida [3], ergonomic design involves
the adaptation of working conditions to human
characteristics in the design of a product, machine,
environment or system. This would be a privileged
situation, since it would allow for the examination of
a wide range of alternatives. However, whoever
analyzes and proposes recommendations must be
knowledgeable about causes, since the real situation
does not yet exist and the analysis is performed based
on hypothetical situations. These situations can be
compared with real conditions; moreover, today’s
advances in graphic computation allow for 3D
simulations of design scenarios [3].
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According to Santos et al. [4], ergonomics was
incorporated into the design process due to the need
to consider human factors in designs. Rensink [5]
stated that, although the human-machine interface in
the design of oil companies is considered an integral
part of engineering design, several maladjustments in
operation and maintenance have occurred after the
designs were implemented. This is due to the fact
that designers and builders have different points that
must be satisfied, including ergonomic factors.
According to Rensink [5], designers are, by nature,
more interested in the technical performance of their
products, and do not operate or maintain installations
after these enter into operation. Thus, they have
insufficient knowledge about the physical and mental
environment the user needs. Therefore, the
application of ergonomic principles is easily
overlooked during the design phase. Van Uden [6]
adds that this occurs because final users are usually
not consulted about decisions made during the design
phases. However, Hendrick [7] points out that
ergonomics is not simply common sense law among
people, but requires the participation of qualified
professionals.

The work reported here was developed at one of
the refineries of Petrobras, which is responsible for
10% of the national production of petroleum
derivatives. The refinery is currently engaged in
several modernization projects, which, when they
become operational, will not only generate economic
benefits but will also contribute to the quality of its
products [1]. New industrial units currently under
construction will produce petroleum coke, propene,
hexane, gasoline, diesel and liquid petroleum gas
(LPG). Thus, the technical team in charge of
Ergonomics Management at this refinery monitored
the designs of these new units in order to implement
ergonomics design at these sites.

2. Materials and method

The object of study here were 10 new units that are
being implemented at a refinery of Petrobras. Six of
them are production units, one is an industrial
wastewater treatment unit, and three are utilities units.
The production units will increase the refinery’s
production capacity and improve the quality of its
products, such as gasoline and diesel oil. The utilities
units, consisting of two boilers and one cooling tower,
will provide support for the new production units.
The industrial wastewater treatment unit will increase
the refinery’s current wastewater treatment capacity.

The analytical tool used in this study was
Ergonomic Workplace Assessment. To use this too
requires the participation of people familiar with the
industrial processes involved. Moreover, it should be
kept in mind that the description of a future task
often does not coincide with the real activity that will
be developed in industrial areas.

To oversee and follow up on the designs and
construction work, multi-professional teams were set
up composed of Petrobras employees and contract
staff. These teams basically comprise specialists and
users. The specialties include pipelines, civil
engineering, automation, instrumentation,
ergonomics, work safety and health. The user group
consists of operation and maintenance technicians.
This team is responsible for checking a variety of
items under design and during the assembly of the
units, including civil structures, the laying of
pipelines, valve and blockage installations,
equipment, instruments, ergonomics and user safety
and health. With regard to ergonomics, the team is
responsible for aligning the designs to ergonomic
concepts and ensuring that predefined codes and
standards are followed.

To this end, the team uses 3D electronic templates
as graphic tools. The designers and engineers
develop the designs of the units by means of these
electronic templates. The templates are sent to the
refinery and the group meets to analyze and discuss
them. The meetings are held according to the
schedule of each unit. During the meetings, the
members of these teams meet to check the designs,
discuss proposed design solutions, and make sure
that they follow the technical codes, standards and
specifications agreed under contract. All the claims
of nonconformity made during the meetings at which
the electronic templates are analyzed are recorded by
the team on a single list and sent to the companies
involved, for design adjustments. In addition to the
analysis of the templates at these meetings, the team
members have the electronic templates at their
disposal for analysis on their own personal computers
at their workstations.

In addition to the analysis of the graphic design to
monitor and follow up on the assembly and
implementation of the units, relatively frequent visits
are made to the worksites, accompanied by their
future users, for onsite checking of the requirements
and solutions adopted.
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3. Results and discussion

A total of 455 ergonomic requirements were
identified and recorded at the 10 units under analysis.
Figure 1 shows the percentage of each type of
ergonomic requirement identified in the analysis of
256 items at 5 production units.

B access to blockages
Ecirculation

O access to instruments
@ cleaning

B access to samplers

@ access to equipments
M others

Figure 1

Characterization of the ergonomic requirements identified at 5
production units

As can be seen in Figure 1, most of the
requirements identified involve the difficulty of
access to blockages. Figure 2 illustrates an example
of this type of requirement.

Figure 2

Example of an ergonomic requirement related to the difficult
access to blockages

Figure 2 shows an image of the electronic template
of one of the analyzed units. Based on the human
scale in the graphic models, one can see that the
blockage is outside the ideal area of reach. In
addition to the visual observation, an analysis is
made of the future activity at this site: who, when,
and for what this blockage will be used. The answers
to these questions are provided by the

multidisciplinary teams, especially by the future
users, i.e., operation and maintenance technicians.
The technical team provides the necessary support in
the stage of proposals for solutions. Figure 3 depicts
the solution presented for this requirement.

Figure 3

Solution proposed for the ergonomic requirement involving diffi-
cult access to blockage

Figure 1 indicates that 15% of the identified
requirements involve the difficult circulation of
people in the area of the units. This type of
requirement is related principally with the direction
and height of pipelines in areas of circulation. Figure
4 presents an example of this type of requirement:
pipelines at inadequate heights in relation to the
platform of the storage tank ladders.

Figure 4

Example of an ergonomic requirement related to the difficult cir-
culation of people
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The solution suggested for this requirement was to
change the direction, arrangement and height of the
pipelines, enabling people to pass through without
risk of bumping into the pipelines. This solution is
illustrated in Figure 5.

Figure 5

Solution proposed for the ergonomic requirement involving diffi-
cult circulation of people

Returning to Figure 1, note that 9% of the
requirements involve difficult access to instruments,
and 4% are related to cleaning in the industrial area.

The requirements of difficult access to instruments
refer to the instruments for measuring temperature,
outflow and pressure of the equipment and pipelines.
These instruments may have gauges or indicators on
the site, on a control console, or at both places. The
ones whose gauges are located directly on equipment,
access is done by operation and maintenance
technicians. Those which have gauges only on a
control console are accessed mainly for maintenance
of the instrument, which can be programmed or on an
emergency basis.

The items related with cleaning are due to the
absence of suitable drainage points for discarding
product close to drainage valves and product
sampling ports. The lack of such drainage points
causes product to spread over the floor of the unit,
dirtying the boots of those who work there. Boots
whose soles are smeared with oily products lose their
traction and may cause accidents, as well as make it
difficult to climb stairs and ladders.

4. Conclusions
The participation of the refinery‘s technical

ergonomics team in monitoring the design of the new
production, utilities and industrial wastewater

treatment units revealed the feasibility of applying
ergonomic design in a petrochemical plant.

This work highlighted the importance of the
participation of a multidisciplinary team composed of
specialists and future users in the identification of
requirements and proposal of solutions, thus enabling
the application of the analytical tool to assess future
activity.

With regard to the types of ergonomic
requirements identified here, they were found to be
related to physical ergonomics, which is visible in the
analysis of electronic templates. However, it proved
to be more difficult to identify cognitive or
organizational ergonomic requirements in the
detailing phase of the units.
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