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ABSTRACT
The industrial energetic efficiency (EE) is recognized as one of the main factors for the
reduction of gas emissions that cause the greenhouse effect and for the improvement
of the industrial competiveness. Within this context, many papers of the international
literature have proposed different indicators of industrial, economic and environmental
behavior, so as to promote the EE inside the industries. However, such proposals do
not generally check the result of the joint work for more than one indicator in the
organizations, making more global analysis more difficult related to EE. This paper aims
to check which environmental, economic and industrial practices indicators influence
the EE of the industries. The data have been collected from the framework developed
by Trianni et al. (2014), that analysed the main energetic efficiency measures for the
technologies: motors, lighting, compressed air and HVAC systems (heating, ventilation
and air conditioning). A logistic regression model has been adjusted for understand the

relationship the economic, environmental and productive practices behavior on the
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energetic efficiency. Results suggest that a healthy workplace enables investments in
equipment and machinery, allowing the EE inside the industries.

Key words: Energy Efficiency. Industry. Indicators. Logistic Regression. Technology

1 INTRODUCAO

The industrial energetic efficiency is recognized as an important cost reduction
tool, improving the productive process and decreasing emission of residues that
impact the environment. To understand the energy demand of the industrial sector, it
is important to assess the performance of the policies related to energetic efficiency,
and to define and assess the potential of future improvements of energy savings by
the industries (TRIANNI et al., 2014; NORMAL, 2017).

The energetic efficiency of the industrial sector has a large potential of
consumption improvements, since the final total use of energy in the industry was 2.6
Btoe in 1990, with prospecting growth of 4.2 Btoe for 2020 (Bp, 2019). Those
numbers respond for 37% (156 Ej) of the final use of energy, besides representing a
constant increase of 1% since 2010. The growth of the energetic consumption has
been largely driven by a long-term continuous trend of production increase in sub-
sectors of the intensive energy industry, like chemicals, iron, steel, cement, paper,

and cellulose and aluminum (IEA, 2019).

This growth makes the energetic efficiency an attractive target for the safety of
energy through the influence of new technologies, processes and products, energy
sources, economic issues and managerial priorities in the decision making processes
(TANAKA, 2011). In addition, the energetic efficiency may be improved by a large

variety of technical actions, such as:

a. Maintenance, renovation and re-adequacy of the equipment to fight
degradation.

b. Retrofitting, replacement and removal of obsolete equipment.

c. Improvement of the process control, to improve the energetic efficiency and

materials and general productivity of the process.
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Still, technical actions can be provided in interventions in cross-cutting
technologies’, because these technologies comprise most of the industrial energy
consumption. Among the examples of cross-cutting technologies include electric
motor driven systems, which account for about 70% of the worldwide electricity
consumption in industrial industries (IEA, 2011; CAGNO & TRIANNI, 2014; TRIANNI
et al., 2014).The industrial lighting is the most disseminated cross-cutting technology
and corresponds to about 5% of the worldwide electricity consumption (IEA, 2006).
Compressed air may reach about 10% of the industrial electricity consumption, while
the systems HVAC (heating, ventilation, and air conditioning) have an interval of 10
to 20% of the final energy consumption in some industrial contexts (CAGNO &
TRIANNI, 2014; TRIANNI et al., 2014).

Energetic efficiency policies are very relevant in saving energy consumption.
Although, the rate of implementation of those policies are very low, not exceeding
50% of the recommended actions (ANDERSON & NEWELL, 2004, BUNSE et al.,
2011; CAGNO & TRIANNI, 2012). This lack of implementation is due to many
barriers, such as those related to economic and information aspects (SORREI et al.,
2004; CAGNO et al., 2010; TRIANNI et al., 2013a; TRIANNI et al., 2013p; TRIANNI et
al.,, 2014). These critical factors show that such barriers are not sufficiently
transmitted to the industrial decision makers through a more in-depth view of the
usefulness of the implementation of measures of energetic efficiency. This shows the
impact on the production system, its problems related to the effective
implementation, as well as the interactions with other parts where the industrial
productivity may present to the decision makers when the main perspectives and

characterization are not evident. (TRIANNI et al., 2014).

Therefore, those crytical factors develop in two main approaches. The first is
related to general energy policies, especially regarding costs, and do not explain the
real specificity of energetic efficiency measures to be promoted, such as investments
affecting energetic and operational issues, consequently impacting the production
performance. The second, the energy policy makers in the industries are estimulated
to leverage an enhanced understanding to support the decision makers in a clear
and efficient way. (SHIPLEY & ELLIOT, 2006; CAGNO & TRIANNI, 2014).

"Technologies related to own manufacture or various industrial production systems
515
R. gest. sust. ambient., Florianopolis, v. 9, n. esp , p. 513-531, fev. 2020



Pye & Mackane (2000) recognize that when quantifying the benefits and even
the barriers for the implementation of the energy management improvement in the
industries help understand the financial opportunities of the investments on energetic
efficiency measures. Taking into consideration that the energy economy is a prime
factor for the industrial decision making, and therefore it can be seen as productivity
increase, environmental conformity reduced costs, production reduced costs,
reduction of scrap costs, product quality improvement, better capacity use, higher
reliability and higher safety for the employers. These factors are part of the total
benefits of a project of energetic efficiency (PYE & MACKANE, 2000). To make the
energetic efficiency more convincing beyond the pollution prevention, it is also
necessary to understand the inter-relations of the measurement of costs and benefits
so that the financial ramifications are understood and can be communicated to the
employees of different hierarchy levels, as the better the energy management is the
bigger the chances of a positive decision about the investment on energetic
efficiency (CAGNO & TRIANNI, 2014; COOREMANS & SCHONENBERGER, 2019).

In the literature, many researches show what drivers are essential for the
implementation of energetic efficiency measures besides the barriers that have to be
overcome, but few researches dealt with the identification, characterization and
investigation of the performance of economic, environmental and industrial
production on the energy management. On papers that analyze the cross-cutting
technologies, Cagno et al. (2010) develops a quick methodology to check points in
the manufacturing industries que can improve the energetic efficiency. Nehler (2018)
provides a broad view about the compressed air measures including a systems
perspective within an energy use process. Lung et al. (2005) in his study of
optimization of industrial motors shows that the energy economy of projects for the
energetic improvement from motors are positive for the energy improvement as of a
period of 5 years. Dubois & Blomsterberg (2011) discuss strategies for the
improvement of electric lighting such as: better lamps, coverage technology and
reduction of the total time of the lighting times, as strategies based on the daylight
collection. Finally, Dunkelberg et al. (2018) analyses that the final energy demand in
the plastic industries can be reduced by 34% through the flow of different thermal
energy sources with a system HVAC adequate for the industrial conditions of this

sector.
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In papers that check how the productivity indicators act on the cross-cutting
technologies, there is the contribution of Alhourani & Saxena (2009) that develops a
logistic model for industries in the USA as a possibility to estimate the implementation
of a recommendation, showing that return periods, kind of improvement
recommendation and the number of worked hours per year are the most relevant
factors that affect the implementation of the recommendation, however, papers that
check the performance or not of environmental, economic, and industrial production
indicators on the energy management, based on the cross-cutting technologies have

not been analyzed yet.

Therefore, according to what has been mentioned before, this paper intends to
present, by the means of a logistic regression model what economic, environmental
and industrial production factors affect the energetic management, by cross-cutting

technologies.

This article is organized besides the Introduction, in the Research Methods

studies, Results and Discussions and Conclusion.

2 MATERIAL AND METHODS

The research method used in this paper is the statistic modeling based on a
logistic regression model. This approach was chosen in order to explain the amount
of saved energy in the industries, according to economic, environmental and

industrial production phenomena on the quantity of energy consumed in an industry.
2.1 Research framework

The implementation of the research occurred in the following steps: the
collection was carried out through the article of Trianni et al. (2014) taking into
consideration the economic, environmental and industrial production indicators as
independent variables and the amount of saved energy as a dependent variable.
These indicators can be found on Table 1. The amount of saved energy is composed
by the proposals of energy consumption improvement proposals of the technologies
proposed by the center of industrial evaluation (motors, lighting systems, HVAC and
compressed air). It is noteworthy that Trianni et al. (2014) made the survey of these
indicators through a broad and systematic literature review.
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In the other, with the surveyed indicators and it was made the adjustment of
the logistic regression model relating the amount of saved energy to the economic,
environmental and industrial production indicators. After getting the results the final
analysis has been carried out and the final version of the paper was developed.

2.2. Modeling

The influence of the economic, environmental and industrial production factors
has been analyzed on the amount of industrial saved energy. For this purpose, a

logistic regression model has been adjusted.

According to Draper & Smith (1998), a logistic regression model is a statistic
technique in which the probability of a dichotomy result (as adoption and non-
adoption) is related to a set of explanatory variables that are hypothesized to

influence the result, as represented by the equation 1:

Pi 1

In 1- Pi = Bo + BaXui+ B2Xoi+...+BkXki, 1)
where the subscript i denotes the ith observation in the sample, P the
probability of the result, B0 is the intersection term, B1, B2,....8k are the coefficients

associated to each explanatory variable X1, X2, - Xk.
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Table 1 : Indicators adjusted to the logistic regression model

Name L
Name Code Description Source
. . . Sorrel et al. (2000); Cagno &

Amount of saved ASE Ener_gy saving related_ to economic, environmental Trianni (2012) : Trianni et al.
energy and industrial production factors (2014)
Assessment Recommendations of motors energetic : e
recommendation ARC |improvement, HVAC systems, compressed air and \(/ggllﬂ(;‘)gi\}sgrglggtgz)a’l Sé'gf(;)
code lighting ' '

Cost of implementing the technological o
Costs C recommendations (ARC) for the improvement of Woodruff et al. (1997); Trianni

) e et al. (2014)

energetic efficiency
Emission reduction | ER Reduction of the residue emissions by the Worrel et al. (2003); Trianni et

implementation of the ARC technologies al. (2014)
Wofk'”g WE Improvement of the global work environment Heerwagen (2000); Trianni et
environment al. (2014)
Corporative Hlerarchlcal _mvolvement o_f the mdustr_y in the Worrel et al. (2010); Trianni et
. Cl implementation of energetic consumption
involvement : al. (2014)

improvement programs

N Working of the.productlvny in the implementation Sandberg & Soderstrom (2003);
Productivity P process of the improvement measures for energy .
) Trianni et al. (2014)

consumption
Operation and oM Esrﬁlagser?lfgg?tg? twslgazcani%g;a%:hgg:‘ogIcal Lilly & Pearson (1999), Lung et
maintenance comp gy P al. (2005); Trianni etal. (2014)

improvement

Measures of continuous action of the management , o
Check-up CF for the periodical checking of the adjustments of Wulfinghoff (1999); Trianni et
frequency al. (2014)

the technologies of high energetic consumption




Notice that the estimate coefficients do not indicate directly the effect of
the change corresponding to the probability (P) of the occurred result. On the

contrary, the results reflect the result of the explanatory variables, individuals, in

Pi
the log of odds {In 1- Pj }- The positive coefficient means that the log of the

probabilities increases as the independent increases too. However, it is possible

P
to interpret the coefficients in terms of probability [1— p] or probability (P) of

P Pi
the result, observing the relation between P, 1— p and In 1- Pj . It can be

P P
shown that 17— p is a function monotonically crescent of 17— p . Consequently,

Pi
if the log of odds {In 1— Pij } is positively or negatively related to an independent

P
variable, both odds 71— p in relation to the probability P of the result that will be

positive or negatively related to this variable. The only difference is that this
relation is linear for the log of odds and non-linear for odds and the probability of
the results. The logistic regression coefficients are estimated by the estimate

method of maximum likelihood.

To evaluate the significance of the logistic regression, model the F test
has been adjusted, and the statistic of the estimated coefficients by the

standard error will be equal or different from zero.

In the construction of the logistic regression models it is necessary to
select the independent variables that will be part of the model. In general, the
problem is to select correctly a set of independent variables that include the
variables considered important by the researcher (Mann, 2006, Hair-Junior et
al., 2010). In addition, the indicators that had a significant effect on the level of
significance of 5% (Draper & Smith, 1998) have been selected to compose the

final model.

After getting the model that best adjusts to the data, it is necessary to
fulfill the premises associated to a linear regression model, so as to consider
the developed model valid (DRAPER & SMITH, 1998).

520
R. gest. sust. ambient., Florianopolis, v. 9, n. esp , p. 513-531, fev. 2020



2.3 Analysis of the logistic regression model adjusted
At first three criteria have been used to validate the models:
1. The Anova test accepting significant models with a p<0.05

2. The lowest value of Akaike information criteria (AIC) found for the

different studied models
3. The largest coefficient of estimation of Pseudo-R? of Macfadden

According to Macfadden (1977) the p? (Pseudo-R?) tends to have low
values, with the inter value of 0.2 to 0.4 considered excellent, so the p? can be

interpreted as R?, but not indicating large values.

All the statistical analysis have been carried out using the computational

environment R, version 3.5.3 (R Code Team, 2019).

3. RESULTS AND DISCUSSION

A descriptive analysis of the indicators studied in the Table 2 shows how
their behaviors are in energy management in industries. Costs and waste
emissions that differ most from the average for a binary data set (0.5). Thus, it
is found that costs are as important as approaching 1 (98.8%), as waste

emissions are less important than approaching zero (5.7%).

Table 2: Description analysis of the indicators studied

Variables Mean
Amount of Saved Energy (ASE) 0.640
Costs (C) 0.988
Emission Reduction (ER) 0.057
Working environment (WE) 0.416
Corporative involvement (ClI) 0.191
Productivity (P) 0.225
Operations and Maintenance (OM) 0.360
Check-up frequency (CF) 0.371

Source: From the author
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After the selection of the indicators, the best logistic regression model
has been adjusted and is presented in Table 3. For the adjustment of the model
the analysis method and validation of the models presented in the section 2.2
and 2.3 have been followed. So, it was possible to identify what variables
influence the relation with the quantity of saved energy by the estimate
coefficients of the factors or the corresponding standard errors SE(B) and the p-

value.

Table 3— Adjusted Logistic Regression Model

Variables B SE(B) p-value
Interceptor -0.2989 0.2997 0.3186
WE 1.4712 0.5916 0.0129
oM 1.3622 0.6398 0.0332

Source: From the author
Table 4 presents the results of the validation tests for the logistic
regression model, as of the selection of variables, such as AIC, the accuracy of
the model, the significance of the model through the Waltest, and the Pseudo-
R? of Macfadden.

Table 4 — Validation tests of the logistic regression model

AIC Pseudo-R?> Wald Accuracy

102.3 0.17 0.00124 0.67
Source: From the author

As described in the section 2.3, the pseudo-R? of Mcfadden can be
considered a strong R? for its data characteristics adjusted.

The indicators that have not been selected and adjusted are found in

Table 1. These indicators have been rejected in the test of p-value.

Finally, as a last step of the data analysis the ROC curve shows the
performance of the binary classifier amount of saved energy, showing that the

model has forecast capacity of approximately 74%.
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Figure 1 — ROC Curve
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4. Discussion of the adjusted logistic regression model

This section develops the discussion and analysis of the logistic
regression model. It also includes, an analysis about similarities and differences
of the indicators regarding the energy management.

Therefore, the most adequate logistic regression model to check the
influence of the economic, environmental and industrial production factors with

the amount of saved energy is presented in Table 3.

According to the logistic regression model of the Equation 1, it can be
noticed that it is influenced by two different explanatory variables: working
environment (WE) and operation and maintenance (OM). Taking into
consideration the dummy variable WE fixed when increasing the OM in a unit,
the amount of saved energy shall increase the log odds by 1.36. Taking into
consideration the variable dummy OM fixed when increasing the unit to ASE

shall increase the log odds by 1.47.

The economic and environmental indicators do not affect the amount of
saved energy. According to Worrel at al. (2003) there is a trend of the measures
of energetic efficiency in the industries of reducing dust and gas emissions that

increase the greenhouse effect, as a measure of environmental control.
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However, by the analysis of the framework of Trianni et al. (2014) few
recommendations of improvement have precise acting on the amount of saved
energy (ASE). For the economic indicator implementation costs, Woodruff et al.
(1997) stated that the first financial expenses in the implementation of
improvement measures of the energetic efficiency can be even more important
than the return rates of the amount of saved energy. Therefore, although there
are significant costs in the implementation, its financial return rate becomes

substantial to reach the amount of saved energy (Table 2).

By analyzing the industrial production indicators, we can see the
importance of a workplace with impact on the satisfaction of the employees.
Adequate working conditions and clarifications of the functionality of the
implementation of an energy management program of the cross-cutting
technologies increase the potential of the energetic efficiency (Raziq &
Maulabakhsgh, 2015). The framework demonstrates that the motor and lighting
systems are the main technologies that have support to develop an adequate
workplace. The large quantity of these technologies in manufacturing industries
and in different functional units compel the employees to deal with some
environments in which the quality become primordial so that the productive
routine and the energy management are not stressing and spoil all the
productive system. (Lu, 2016; Schulze et al, 2016; Boyd, 2017).

In relation to the operation and maintenance of the motors, HVAC,
compressed air and lighting systems leads to lower expenses and can reach
significant ASE. When compared to the costs of integral change of the cross-
cutting technologies to OM there is a larger acceptance by the managers. In
addition, the employees may accept the operation and maintenance more easily
to get to the energetic efficiency of some technologies as the HVAC and lighting
systems, once they are related to the comfort of the workplace (Trianni et al.,
2014; Cosgrove et al., 2017).

These results about the influence of the production on ASE differ from
the pointed ones by Alhourani & Saxena (2009). This can be explained by the
factor that the authors analyzed primary data, containing qualitative and
guantitative indicators from USA industries. These authors stated that the return
period, working hours and kinds of recommendation are the more influential
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indicators in the decrease of the quantity of energy consumed, indicating that

the companies invest in recommendations that have a lower return time.

The achieved results from Table 3 indicate that, in order to occur the
decrease of the amount of saved energy, first it must occur a structural change
of the functionality of the industrial system. This change can be achieved by
implementing management systems that achieve energy efficiency in industry,
mainly in energy-intensive manufacturing industries. Among the most
widespread energy efficiency improvement management systems is ISO 50001,
because they follow the same implementation system of 1ISO 9001: the PDCA
(Plan, Do, Check and Action).

Figure 2 presents the increasing number of ISO 50001 emissions,
indicating a large and growing adoption of global energy improvements. Table 4
presents the main industrial sectors that issued the 1SO 50001 standard. It is
noteworthy that energy-intensive manufacturing was the main sector to issue
ISO 50001 in 2017, which corroborates with the findings of a necessary
implementation of management systems to achieve energy efficiency (ISO,
2019).

Figure 2: Number of ISO 50001 certifications issued in the world
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Source: Adapted from ISO survey
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Table 4 — Industrial Sectors with the highest number of ISO 50001
Certifications in 2017.

Sectors ISO 50001 certifications
Basic metal & fabricated metal products 1302
Food products, beverages and tobacco 923
Chemicals, chemical products and fibres 888
Rubber and plastic products 826

Wholesale & retail trade; repairs of motor vehicles,

motorcycles and personal and household goods 497

Source: Adapted from 1SO survey

5. Conclusions

The results showed the characteristics of the amount of saved energy in
industries, through a logistic regression model that checks the impact of

economic, environmental, and industrial production indicators.

During the adjustment phase of the indicators in the logistic regression
model some indicators have been excluded by the test p-value, such as
implementation costs, emission reduction, corporate involvement, productivity,

kinds of recommendation technologies and check-up frequency.

For the adjusted logistic regression model the indicators working
environment and operation and maintenance influenced the amount of saved
energy. The adjustment of these two indicators showed that the structural
change of the functionality of the industry plays a ruling role in the decrease of
the energetic consumption, guided by the managers and employees of the

companies.

The practical implications of this paper are to cooperate with the
academy through new concepts and guidelines about the amount of saved
energy in a general aspect. For the industrial sector the indicators can be
guidelines for the efficiency of the adoption of measures for the reduction of the
amount of saved energy. For the technical committees this paper becomes
relevant to supply information that allows them to improve the strategies of

market as well as contribute to the orientation of the consultants of the
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corporations. Finally, for the governmental sector it can be as a parameter to

analyze the indicators that did not influence the amount of saved energy.

Future works may check the influence of environmental, economic and
industrial production indicators for each cross-cutting technology separately.
Also, future research may use mixed multiple logistic regression models
providing qualitative evaluations of the indicators associated to the influence on

the quantity of saved energy.
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