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Sustainable development refers to the development of a business in such a way that future

generations will be able to satisfy the same needs. This article describes how sustainable
development can be measured by economic performance and a positive impact on the natural
environment. A general indicator of a company’s environmental impact is presented in the
article. It can be determined, on the one hand, by a company’s environmental impact, and on
the other hand, by savings in the use of natural resources, which is associated with savings
in a financial sense. Therefore, it can be used to analyze the progress of sustainability in
terms of environmental and economic performance. The case study provides an example of
how emissions and energy factors can be analyzed to form a synthetic indicator and create

a general indicator.
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Introduction

A considerable amount of literature has been
published on the sustainable development, especial-
ly since it began to grow in importance in terms of
performance benefits [1]. Growing awareness of envi-
ronmental issues and increasing pressure from stake-
holders has forced organizations to invest in environ-
mentally friendly processes and products [2]. Vari-
ous conceptual frameworks and corporate initiatives
have been put forward to manage sustainability is-
sues from various perspectives [3]. Where in the past,
solid economic performance was supposed to guaran-
tee the success of a company, today’s economy is in-
creasingly driven by the so-called triple bottom line,
where economic results are balanced by minimizing
the ecological footprint and taking social aspects into
account [4].

A number of definitions of sustainable develop-
ment have appeared. In general, sustainable devel-
opment refers to the development of a company in
such a way that future generations will be able to sa-
tisfy the same needs. With increased environmental
awareness in the 1970s and ‘80s, a focus on sustain-
able development began. In 1987, the Brundtland re-
port helped highlight that development should in-
clude the satisfaction of both present and future
needs of people without overexploitation of the natu-
ral environment and its resources [5, 6]. Around this
time, severe pollution and environmental accidents
increased due to the negligence and passivity of com-
panies with regard to sustainability and social and
environmental issues. This increase in environmen-
tal awareness pushed companies towards sustainable
business practices [7]. Companies began to pay at-
tention to less traditional factors in business, and to
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address the environmental, social and economic im-
pact of sustainability on their business [8, 9]. Com-
panies recognized that focusing solely on economic
growth would be harmful to their business and fu-
ture generations [10-12].

This article describes how sustainable develop-
ment can be measured by economic performance and
a positive impact on the natural environment. Eco-
nomic performance is measured in terms of prof-
its, while environmental performance is measured in
terms of factors such as resource consumption, pol-
lution and waste created, and an overall carbon foot-
print [8, 13, 14]. It is necessary to choose the most
appropriate framework with a set of indicators that
best describe the suitability of the organization’s per-
formance [15].

Methodology

The paper uses a case study approach with a fo-
cus on Galvanic Cell Manufacturer. Therefore, a case
study approach has been used in this study to pro-
vide insights into the phenomenon under investiga-
tion. In this study a single case study is used. While
several studies generally provide a stronger basis for
theory building [16], it has been shown that single
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case studies can provide a richer description of the
existence of a phenomenon [17].

Environmental threats from industry affect vari-
ous elements, such as soil, water, landscape and oth-
ers [18]. Companies can have a negative impacts on
the environment through production and auxiliary
processes, including the use of natural resources and
the production of byproducts. As auxiliary services
are always present in companies, and their complete
elimination is not possible, attention should also be
paid to ways of optimizing the services that occur.
They are wasteful in themselves, but wastefulness al-
so generates unnecessary expenditure that has a neg-
ative impact on a company’s economic performance.
It should be stressed that the same resources that
are used for the main activities are also needed and
used for the supporting processes. Using too many re-
sources for non-profit processes is wasteful. If these
types of processes do not add value to a company,
they should be eliminated (if they are not neces-
sary) or optimized (if they are necessary). To decide
which activities should be excluded from identifica-
tion, a mapping of processes should be done to plan
the optimization of non-profit but necessary process-
es, and an identification of waste should be conduct-
ed [19-21]. The areas of output of production and
auxiliary processes shown in Fig. 1, are the input

Production volume
[Ma, pes, liter, ..]

Fig. 1. A synthetic indicator of a company’s environmental impact.

130

Volume 11 @ Number 4 e December 2020



www.czasopisma.pan.pl P

N

www journals.pan.pl

POLSKA AKADEMIA NAUK

Management and Production Engineering Review

A synthetic indicator of the company's
environmental impact.

Mathematical model of the company’s impact

on the environment.

General rate of energy recovery and
reduction.

- Type of industry branch
- Production volume
- Employment volume

Fig. 2. A general indicator of a company’s environmental impact (source: own work).

areas for further consideration and the creation of
a generalized indicator of a company’s environmen-
tal impact. The input areas consist of five groups:

e emissions;

e waste Management;

e impact on groundwater;

e sewage;

e electricity and gas consumption.

After identifying and evaluating environmental
aspects, significant aspects of the environmental im-
pact of companies have been identified (e.g. NOx,
heavy elements, CO2) [22].

The environmental impact, however, is any
change in the environment, both favorable and un-
favorable, caused by the impact of a company in the
areas presented, its products or services. The impact
areas have been reduced to a common denominator
(i.e. unit: tons/year) and related to production vo-
lume.

As a result of comparing the sum of the influenc-
ing factor in [tons/year] in correlation to the produc-
tion volume in units adequate to the type of produc-
tion [tons, pieces, liters, etc.], environmental impact
coefficients were created. The impact coefficients are
a sum component to create a generalized index of a
company’s environmental impact.

A general indicator (Fig. 2) of a company’s en-
vironmental impact can be determined, on the one
hand, by a company’s environmental impact, and on
the other hand, by savings in the use of natural re-
sources, which is associated with savings in a finan-
cial sense. Therefore, it can be used to analyze the
progress of sustainability in relation to environmen-
tal performance and economic performance [23-25].

Economic performance

A competitive advantage of economic perfor-
mance can be achieved by performing important
value chain activities at lower cost than competi-
tors [21]. A rapidly changing business environment,
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strong competition, and requirements to minimize
losses are some of the conditions in which organi-
zations operate today [26, 27]. This has triggered
organizations to continuously search for new ways
to improve performance and gain a competitive ad-
vantage. One of the ways to help an organization
achieve lower operational costs and better perfor-
mance is waste elimination, which means, for exam-
ple, economical use of natural resources and suffi-
cient management of physical assets [28] especially
in an asset-intensive industry [29]. Over the last two
decades there has been a steady increase in demand
for an effective physical asset management [30], es-
pecially to enhance sustainability performance [21].
Previous studies have used different methodological
approaches to address economic performance of sus-
tainability, such as regression-based study [31], To-
bin’s q [32], theoretical and conceptual study [33]
etc. However, studies that would examine economic
and wider sustainability performance are still justi-
fied by the inconclusive results of the existing litera-
ture.

Environmental performance

The high energy consumption of processes is an
expenditure closely linked to asset management. It
is estimated that manufacturing industries consume
more than 75% of the total energy produced world-
wide [18]. This is a significant cost factor borne by
companies, and also has a negative impact on the
natural environment, which is polluted by the ener-
gy industry through factors such as increased CO2
emissions, but also through other greenhouse gases,
such as SO2, dust, and CO [18].

When analyzing a model company for energy con-
sumption, the main sectors of energy consumption
should be specified and the emission areas of emis-
sions should be searched. For a correct and detailed
analysis, all production and non-production process-
es should be considered. The main production pro-
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cesses that add value to a company and generate
operational profit should be specified and developed,
as well as auxiliary processes that also have a signif-
icant impact on efficiency and the natural environ-
ment [34, 35].

If one focuses on the energy intensity mentioned
above, it is possible to propose several solutions to
improve the auxiliary processes, which are beneficial
solutions from a financial and environmental point
of view. The reduction of pollutant emissions into
the environment is possible today by using uncon-
ventional energy sources. Water, wind energy and
biomass account for the largest share of energy pro-
duction, with the latter being used not only to gen-
erate electricity but also to produce thermal ener-
gy [36].

However, the ideal solution would be to reduce
the energy consumption of the auxiliary process it-
self, which would bring measurable benefits for a
company and the environment. It is therefore possi-
ble to use modernization of all equipment that con-

Emissions

Energy media

=

>

sumes energy, for example by replacing light bulbs
that light production halls with energy-saving bulbs.
It is possible to limit the operation time of these
devices to the necessary minimum, for example by
inserting motion sensors that activate the mentioned
lighting only when someone passes through a given
area of the hall. There are many solutions and they
are widely offered on the market, because aware-
ness of the need for environmental protection has
increased significantly in recent years among small
and large companies [37, 38], and an example of such
an effective implementation is provided in the case
study.

Case study

This case study presents an example of how to an-
alyze emissions and energy media factors that form
a synthetic indicator (Fig. 3). The procedure start-
ed with analysis of electricity consumption in non-
production processes in a chemical industry plant.

Production volume
[Mg. pes, liter, ..]

Fig. 3. A synthetic indicator of the company’s environmental impact (source: own work).

132

Volume 11 @ Number 4 e December 2020



www.czasopisma.pan.pl P
=

N www journals.pan.pl

POLSKA AKADEMIA NAUK

Management and Production Engineering Review

Electricity consumption per month (March)

60 849

Fig. 4. Electricity consumption divided into production and non-production sectors (source: own work).

The company is medium-sized and belongs to
a global company that cares about sustainable de-
velopment. The plant manufactures galvanic cells
used for everyday use. Galvanic cells are complete-
ly safe for the environment, they do not contain the
heavy elements mercury, cadmium, or lead. Reduc-
tion of CO2 emissions by lowering electricity use is
one of the plant’s environmental policies.

The amount of energy consumption is illustrated
in Figure 4. Analyzing the data presented in Fig. 4
of electricity consumption, which taxonomically de-
picts the most energy-intensive areas, we note that
the first two items in terms of energy consumption
in the model plant are occupied by non-production
processes, which are ventilation and compressed air
production (non-production processes in Fig. 4 are
described, while production processes are described
as PROCESS 1, 2, 3, ...).

The process of ventilation in workplaces is a pro-
cess required by law, on technical conditions that
should be met by buildings and their location. It is
divided into two basic types: mechanical ventilation
— forced ventilation, and gravitational ventilation —
free. Due to the specificity of industrial plants and
the task of ventilation, mechanical ventilation is most
often used, which is implemented through ventilation
units with supply and exhaust fans. Electric motors
in the control panels are greatly energy-consuming
and have powers that often reach up to 100 kW.

According to the data from Fig. 4, the process of
reducing energy consumption began with the most
energy-intensive area, which is mechanical ventila-
tion. Finding a solution that is a compromise be-
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tween costs incurred for energy, and costs incurred
for investment, is a difficult process from the point of
engineering solutions, and at the same time signifi-
cant from the economic point of view — the return on
investment. One of the first steps was to create a hy-
brid system, which was a combination of mechanical
ventilation and gravity ventilation.

After analyzing the method of savings, the plant
was invested in a mechanical and gravity ventila-
tion system on selected units. Table 1 shows the mo-
tor power for the exemplary largest ventilation units
that were implemented.

Table 1
Power of installed engines in air handling units.
AH 1 Supply air 75 kKW
Ventilation 55 kW
AH 2 Supply air 55 kW
Ventilation 37 kW
AH 3 Supply air 37 kW
Ventilation 15 kW

The system’s operation algorithm is as follows:

e Electrical actuators connected to the weather unit
are installed in the smoke exhaust dampers. If the
temperature in the room of the production hall ris-
es above the set temperature, and there is no rain,
the smoke exhaust dampers are opened, which si-
multaneously act as exhaust ventilation.

e Exhaust air unit of the control panel — does not
work.

e Supply air motor for the ventilation unit — it
works.
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Table 2
Electricity consumption and savings by air handling units before and after actions.
Total
Total Total
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec CO2
[kWh] [t] [PLN]
Ventilation
before
implementation 65000|66000|65000{68000|66000|68000 68000 | 68000 | 6800066000 66000 |68000| 802000 | 531 | 320800
[kWh]
Ventilation
after
implementation 65000|66000|65000{48000|40000 {39000 |66000 |67000 25000 |22000 66000 |68000| 637000 | 422 | 254800
[kWh]
?Ki\llr}ﬁ 0 0 0 |20000|26000{29000| 2000 | 1000 [43000{44000| O 0 | 165000 | 109 | 66000

SMOKE EXHAUST DAMPERS

-z

AIR QUTLET

Fan ON

ROCF

AR INLET

Fan OFF

FLOOR

Fig. 5. Schematic diagram of the implementation of mechanical and gravity ventilation (source: own work).

The air is forced into the production halls by
supply air fans (overpressure is created), and gravi-
tationally escapes from it through the smoke vents.
Schematically, the implementation process of venti-
lation in the model plant is presented in Fig. 5.

The implemented solution has reduced electrici-
ty consumption and has made large financial savings
on a yearly basis possible. The value of energy re-
duction, CO5 and saved costs is shown in Table 2.
The values presented in Table 2 illustrate the scale
of savings that can be achieved through in-depth
analysis of production and non-production processes
and building infrastructure. The biggest savings are
observed in the spring months (April-June) and au-
tumn (September-October). It is related to weather
factors that have a big impact on achieving the max-
imum saving effect and eliminating waste. Weath-
er factors that have a negative impact include rain-
fall, extreme low and high temperatures outside, and
strong winds.

The scope of the investment included:

1) Installation of additional electric actuators in
the smoke exhaust dampers (independent of the
smoke exhaust system during a fire) with the elec-
trical installation. The type of actuators depends
on the size of the dampers and the opening angle
of the dampers.
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2) Assembly of additional weather control units
(wind — rain).

3) Modification of the programs managing the venti-
lation in the factory (EBS type).

Comparing investment and planned savings re-
sulting from lower electricity consumption, it can be
concluded that the process of reimbursement of costs
incurred is at the level of 3—4 years.

Conclusions

Based solely on the realized projects, in many
production companies it can be stated that auxiliary
processes are often marginalized in financial and en-
vironmental analysis. The occurrence of this prob-
lem is confirmed by the lack of literature that would
directly associate the auxiliary processes with their
impact on the environment.

However, to summarize the presented distribu-
tion of electricity consumption in the chosen chem-
ical plant, it can be clearly stated that the non-
production auxiliary processes are the main area of
energy consumption. In such processes, one should
look for elements of rationalization, optimization
and elimination of waste. The discussed ventilation
is an important element of the implementation of
each production process because it is implemented
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in order to improve climatic conditions in produc-
tion halls for both employees and production ma-
chines.

Because of its greatest impact on the environment
through the use of electricity, this process distances
itself from the others in terms of energy consump-
tion and has therefore been analyzed for savings. An
important conclusion of this study is that when con-
ducting analysis of a company in terms of electrici-
ty consumption, a consumption distribution map for
the entire plant must first be made, where areas that
consume the most electricity are identified and esti-
mated.

The actions taken to save energy are a compro-
mise between large investment outlays and the use
of existing fire infrastructure to realize savings and
eliminate waste in a production plant. It should be
noted that the described project affected economic
performance (because of savings due to lower elec-
tricity usage) and the environment (because of re-
duced emissions due to lower electricity usage).

The case study presented in the article showed
how to analyze emissions and energy media factors
that form a synthetic indicator. It is a part of a gen-
eral indicator (Fig. 2) of a company’s environmen-
tal impact which presents on the one hand compa-
ny’s environmental impact, and on the other hand,
savings in the use of natural resources. General in-
dicator can be evaluated and used in every pro-
duction company. Each organization should estab-
lish its own environmental boundary conditions for
the impact model that is created. Maximum allow-
able impact values permissible from environmental
decisions, statutory values and departmental studies
should be determined.

Then annual environmental impact of the sur-
veyed enterprise should be compared with the ref-
erence values.

After adaptation of the generalized model of im-
pact in the enterprise management processes it can
be used to environmental compliance assessment, as
a tool for auditors in the holistic assessment of the
enterprise, comparison of the annual impact values
of the enterprise in terms of production.

This paper aims to show how sustainable devel-
opment can be measured by economic performance
and a positive impact on the natural environment.
A general indicator for the environmental impact
of a company is presented in the article. Future re-
search is needed to replicate or extend the results
presented in this article. Therefore, future studies
could increase the generalizability of the results.
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