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A B S T R A C T 

Industry is responsible for about 37% of the global energy consumption and therefore for a major impact 

concerning greenhouse gas emissions and climate change. Reducing industry’s energy consumption is an 

important strategy to achieve energy policies in Europe, in particular to reduce the energy consumption by 20% 

by 2020. For this matter, this work proposes a number of measures to optimize the energy consumption in an 

industrial unit of the automotive sector. Specific energy efficiency and conservation measures were considered 

and studied, including the compressed air system, the HVAC system, the burner optimization and the mold 

heating time. It was also examined the importance of an energy management system in the present-day unit. 

Overall, it was estimated that by using the measures proposed in this study it would be possible to achieve 

savings of 17 200 €/year (- 13%) in the natural gas consumption and 9 300 €/year (- 4%) in the electricity 

consumption, which corresponds to an overall reduction of 129 tCO2/year (- 8%). 
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1. Introduction 

1.1 Motivation 

 

Global economic growth, steep population growth and continuous improvement in living standards are major 

contributors to increased energy consumption. Global energy consumption is expected to grow 56% between 

2010 and 2040, this growth due to the increase in energy consumption in the industry. Which is not surprising 

since the industrial sector consumes more energy than any other.  It is expected that by 2040 the industry will 

consume 50% of the total energy produced. Industrial activities also account for almost 40% of carbon dioxide 

emissions (CO2) and are expected to reach 46% by 2040, leading to disastrous consequences from climate 

change. Saving planet Earth by restricting global warming has become a mission for all mankind (Makridou et 

al., 2016). Increasing greenhouse gas (GHG) emissions and climate change are mainly caused by energy 

consumption, with the industrial sector being the largest consumer with 37% of the total energy worldwide 

available (Tantisattayakul et al., 2016).  

Many countries are continuously implementing measures to accelerate the use of alternative fuels and promote 

energy conservation in different industries, including automotive, to reduce GHG emissions (Tantisattayakul et 

al., 2016). Improving energy efficiency by reducing GHG emissions through cleaner technologies and 

optimizing operations are considered particularly fruitful in reducing industry’s impact on climate change 

(Böttcher & Müller, 2016). 

Therefore finding measures to improve energy efficiency in the industry can substantially contribute to a world’s 

more sustainable future (Makridou et al., 2016). Similarly energy conservation measures can also be effective in 

reducing energy consumption, although often associated since both are normally intended to achieve the same 

end, the terms energy efficiency and energy conservation have different meanings. Briefly energy efficiency is 

based on the use of technology that requires less energy to perform the same function while energy conservation 

consists of any behavior that results in the use of less energy (eia, 2017). 

Despite companies’ efforts world energy consumption continues to increase. Is urgent the prompt application of 

measures that optimize the energy consumption. Part of the energy in industry is used to operate the facilities, 

namely in heating, cooling and lighting, while most of the energy is used in equipment powering, steam 

generation, among others. If energy is used inefficiently it is possible to introduce behavioral and programming 
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changes in its consumption or even to invest in alternative technologies. According to Lu et al. (2016) the 

measure with the greatest financial impact for companies is to optimize energy consumption through measures of 

energy efficiency and energy conservation in order to achieve production objectives in a less expensive and 

environmental friendly way.  

Nomenclature 

GHG      Greenhouse gas 

HVAC    Heating, Ventilation, and Air Conditioning 

DGEG    Direção Geral de Energia e Geologia 

SGCIE    Sistema de Gestão dos Consumos Intensivos de Energia 

AHU      Air Handling Unit 

SMC      Sheet Molding Compound 

DL         Decree-Law 

DQAS    Quality Environment and Safety Department 

GVA      Gross Value Added 

toe        Tonne of Oil Equivalent 

Ktoe      Kilogram of Oil Equivalent 

    

1.2  Objectives 

The present study aim is to characterize, evaluate and propose energy efficiency/conservation measures with 

technical and economic potential applicable to an automotive sector industrial plant. The identification and 

characterization of the main energy consumers and their subsequent evaluation allows optimization opportunities 

identification in the energy consumptions. These optimizations are carefully studied taking into account their 

feasibility, so that the company can decide on the implementation or not of the recommended interventions.  
 
2. Literature Review 

 

2.1 Energy Audit 
 

For Andersson et al. (2017) there is a great energy optimization potential in industry, with energy audit being a 

useful tool to identify such optimization opportunities and resulting energy savings. Also according to Boharb et 

al. (2017) energy auditing has proven to be one of the most effective measures in energy optimization that is 

widely used to diagnose, analyse and improve energy use in industry. Conducting an energy audit is a first step 

in optimizing energy consumption, but an audit itself does not result in energy savings but rather helps to define 

areas for improvement and potential for more energy efficiency solutions (Paramonova & Thollander, 2016). 

According to Thumann & Younger (2008) an energy audit can simply be defined as a process whose purpose is 

to assess how a building or a plant uses different forms of energy, identifying opportunities and potential 

consumption reductions. That is, an audit empirically characterizes the industrial plant to be audited, identifies 

its potential for energy savings and proposes argued actions and measures to achieve those economies along with 

their economic profitability (Boharb et al., 2017). 

 

2.2 Key Performance Indicators for Energy Consumption 

 

A production system can be characterized by the key performance indicators of energy consumption. The 

calculated values do not normally represent exact amounts yet they are used as an approximation (Stricker et al., 

2017). According to SGCIE (2017) the indicators to be used for energy rationalization targets are the energy 

intensity (Ktoe/VAB), specific energy consumption (ktoe/unit produced) and the carbon intensity (KgCO2/Ktoe): 

 

 Energy Intensity: ratio between total energy consumption and gross value added (GVA) of the business 

activities directly linked to the industrial facilities;  

 Specific Energy Consumption: Ratio between total energy consumption and total production volume; 

 Carbon Intensity: Ratio between the values of GHG generated from the use of energy in the production process 

and total energy consumption.  
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Evolution in terms of more energy-efficient processes leads companies to continuously improve their energy 

performance indicators (Dehning et al., 2017). 

 
2.3 Energy Management Systems  

 

An energy management system consists of a set of measures aimed at achieving an improvement in energy 

performance from the definition and implementation of energy policies and objectives (Dehning et al., 2017). 

Countries commitments to reduce GHG emissions are having a strong leverage effect on the energy management 

systems programs implementation around the world (Islam et al., 2016; Franz et al., 2017). 

 

2.4 Energy Optimization Measures Applied to Industry 

 

 Thermal energy generation 

 

Fossil fuels combustion in thermal energy generation, generates different gases emissions, such as CO2, CO, 

NOX, SO2, traces of heavy metal contaminants and organic compounds. Emissions amounts and combustion 

performance depends not only on the fuel type but also on the percentage of excess air and burner efficiency, 

among others (Hasanuzzaman et al., 2012; Rajendran et al., 2015). 

There are two contradictory aspects regarding excess air regulation. If on the one hand the excess air is reduced, 

fuel may not burn completely leading to the appearance of unburned hydrocarbon and/or CO in the flue gases. 

On the other hand a high excess air cools the combustion chamber, losing heat in the unnecessary volume of air 

heating. The combustion regulation optimal point corresponds to a compromise between the two factors 

mentioned above. Thus, excess air should be kept as low as possible, although it should not be too low to allow 

complete combustion. The highest combustion efficiency is obtained when excess air is between 15% and 30%, 

corresponding 3% to 3,5% O2 in the exhaust gas (Gaspar, 2014). 

 

 Compressed air systems 

 

Industrial compressed air systems represent 7% of the electrical consumption and present a very significant 

potential of a more efficient use (Boehma e Frankea, 2017). According to Taheria & Gadowa (2017) the 

reduction of leaks and the recovery of the produced heat in air compression have direct influence on the electric 

bill reduction and indirect reduction in the consumption of natural gas in heating, respectively (Taheria & 

Gadowa, 2017; Boehma e Frankea, 2017; Benedetti et al., 2017). 

In compressed air systems there are two main measures that can be implemented, management measures and 

technical measures. Management measures include raising awareness among all users of the compressed air 

proper use, developing and implementing a system-wide maintenance program, installing measurement and 

monitoring instrumentation. The technical measures include, among others, the implementation of a leakage 

reporting and repair system, not pressurizing the system during shutdowns and installing heat recovery measures 

where appropriate (The Carbon Trust, 2005). 

 

 Air-conditioning 

 

The energy efficiency of HVAC systems is generally supported in two aspects: reasonable design and efficient 

operation. Even in well-designed systems, an inefficient operating strategy can result in unsatisfactory energy 

consumption (Du et al., 2016). An effective way of reducing energy consumption in industry is through energy 

conservation measures. Energy use can be reduced from 15% to 25% (Sun et al., 2017). There are a number of 

ways to reduce energy consumption in buildings and consequently GHG emissions, namely the temperature set-

point (Ghahramani et al., 2016). Hoyt et al. (2015) suggests that changing temperature set-point is a key measure 

in simultaneously achieving occupant comfort and energy savings, without any improvement/updating measures 

on HVAC equipment. 

 

3. Plant’s Energetic Characterization 

 

3.1 Energy Balance 

 

The present study was developed in industrial environment, in a company dedicated to the production of 

components in composite materials for the automotive industry by the process of sheet molding compound 

(SMC). 

The industrial plant uses electricity and natural gas as sources of energy. Regarding electricity, company is 

supplied in medium voltage and it is used in lighting, cooling, heating systems and as a driving force to drive the 
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various production process equipment and auxiliary services. As for natural gas, it is consumed at the thermal 

power station for steam production, on the air conditioning burners, on Sealler line (primary paint application) 

burners and in the boiler of the social and administrative building, namely for heating sanitary waters.  

Table 1 shows the total energy consumption of the industrial plant throughout 2016. Total plant’s expenditures 

amounted over 368 k€. They are divided with 64,5% for electricity, about 20 k€/month, and the remaining 

35,5% for natural gas, about 11 K€/month. 

 

Table 1 – Global energy costs and consumption for 2016. 

  Electric Power Natural Gas Total               

(€) MWh € Nm3 € 

January 167 20 117 23 531 11 136 31 253 

February 146 17 249 22 362 10 356 27 605 

March 150 17 959 23 204 10 852 28 811 

April 138 16 209 15 056 7 014 23 223 

May 175 21 119 33 419 15 167 36 286 

June 205 23 283 38 155 16 675 39 958 

July 279 35 273 16 270 7 288 42 561 

August 91 9 504 2 429 1 257 10 761 

September 152 18 029 39 371 17 941 35 970 

October 190 22 768 24 761 11 523 34 291 

November 139 16 594 24 816 11 773 28 367 

December 159 19 309 20 548 9 830 29 139 

Total 1 991 237 414 283 922 130 812 368 226 

Sharing - 64,5% - 35,5% 100% 

Average 166 19 784 23 660 10 901 30 685 

 

Table 2 shows the GHG emission calculated on emission factors basis of the SGCIE (2017) energy-related 

converter. 

 

Table 2 – GHG emissions for 2016. 

 Electric 

Power 

Natural 

Gas 

Total 

tCO2 tCO2 tCO2 

January 78,6 57,2 135,7 

February 68,5 54,3 122,8 

March 70,6 56,4 127,0 

April 64,7 36,6 101,2 

May 82,4 81,2 163,6 

June 96,6 92,7 189,3 

July 131,3 39,5 170,8 

August 42,9 5,9 48,8 

September 71,3 95,6 166,9 

October 89,1 60,1 149,3 

November 65,1 60,3 125,4 

December 74,8 49,9 124,7 

Total 936 690 1 625 

Sharing 57,6% 42,4% 100% 

Average 78,0 57,5 135,4 

 

There are considered two main sectors for installation’s energy balance, productive sector and auxiliary services 

sector. Auxiliary services are understood to be energy services, utilities and equipment used for the production 

process. Briefly, the productive sector consists of: SMC line, Bonding, Sealler line and power wash, except 

lighting. Auxiliary services are formed by the thermal power station, cooling tower, compressed air system, 

lighting, air conditioning of the manufacturing and social zone, social and administrative building and other 

(other sectors/auxiliary equipment’s consumption that were not included in the previous subsectors). 

Energy balance is summarized in figure 1. In the production sector, the SMC line where the molding and 

transformation of the raw material is carried out is the largest consumer. As regards auxiliary services, three 
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major energy consumers stand out, duly highlighted in the figure above, thermal power plant, compressed air 

system and air conditioning. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 – Energy consumption sharing. 

 

3.2 Key Performance Indicators for Energy Consumption 

 

As previously seen in the literature review, energy indicators are an important tool in the analysis of the 

interactions between economic and human activity, energy consumption and carbon dioxide emissions. 

Energy intensity for 2016 was 0,29 ktoe/€. That is, 0,29 ktoe of energy consumed per unit of added value (- 2% 

regarding 2014).  

On average, the specific consumption during 2016 was 2 278,25 ktoe/t, that is, approximately 2,28 tons of 

equivalent oil consumed per ton of processed raw material. 

For the year of 2016 the value of the indicator carbonic intensity was on average 2,36 tCO2/toe, same as for 

2014.  

 

4. Energy Optimization Proposals 
 
4.1 Mold Heating Time Optimization 

 

The factory uses a process referred to as hot-compression molding. The molds used are heated by indirect steam, 

through channels built inside them. Approximately normal operating temperatures range from 140ᵒC to 160ᵒC. 

Due to a long time of use the associated energy costs are very significant. One of the ways to minimize these 

costs will be the heat losses management in the molds heating process.  

An intermediate-sized mold is chosen to carry out a theoretical study that supports the hypothesis of a potential 

energy conservation measure. It is of interest to study the mold heating process, in particular the heat transfer 

process between the hot fluid and mold’s surface area.  

Applying the energy conservation equation at any time, the energy supplied by the hot fluid minus the energy 

lost by the surface by radiation and convection will be equal to the energy accumulated on the mold. From 

mold’s thermal balance during its heating time it was obtained that in approximately 94 minutes the minimum 

temperatures necessary for molding are reached, not neglecting the simplifications made, namely the non-

inclusion of radiative effect. In other words, a more time-consuming heating time is expected. 

 

In order to specifically know molds heating time when placed on the production line, and in order to compare 

with the analytical results cited above, an experimental work was prepared. Measuring five points (T1 to T5) on 

the molding surfaces. For the more time-consuming surface, 112 minutes, temperature profile is represented in 

fig. 2. 
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Fig. 2 – Mold heating profile. 

 

In order to check study’s viability, a part was produced and was sent to plant’s quality, environment and safety 

department (DQAS) for complete evaluation. Through the reports provided by DQAS mold heating time did not 

influence part’s quality. It should be noted that this reduction may have an impact not only financial but also 

environmental, as analyzed in previous sub-chapters.  

In this way the management of this system is proposed, meaning that the connection of the steam to the molds 

should only be done about 2 hours before the beginning of the production, reducing the energy consumption, in 

this case 35 572,62Nm3/year of the power plant which is equivalent to 16 719,14 €/year (22% reduction) and 

86,41tCO2/year. 

 

4.2 Natural Gas Consumption Optimization (Burner Tuning) 

 

A combustion gas analyzer was used to check the state of operation of the drying/polymerization tunnel burners. 

This kind of measurements is carried out in the chimney to analyze the composition of the flue gases. It has been 

found that the burner 2 is well regulated. However burner 1 does not, there is then a potential improvement 

increasing his efficiency. Burner 1 is too high in excess air, corrupting the balance explained above in the 

literature review.  

I tis recommended to regulate the intake air of the drying/polymerization tunnel burner 1, reducing excess air 

and thereby lowering the oxygen rate and increasing the rate of carbon dioxide. It is foreseen that by adjusting 

the excess air from burner 1 to values close to burner 2, a reduction in composition of 1 toe/year, which 

translates into 519 €/year and less than 2,7 tCO2/year. 

 

4.3 Compressed Air System Optimization 

 

Over a period of a brief audit of the different compressed air associated equipment’s, some leaks were identified 

at the plant, such as compressed air guns, deburring bank, cutting machine or robots among others. A 50% 

leakage reduction by the maintenance department is considered achievable. 

Bringing workers to raise awareness about the costs of inappropriate use of compressed air and hazards is 

estimated to reduce by 20% according to the literature review.  

Given the considerable energy costs in the production of compressed air, the systematic detection and 

subsequent elimination of leaks must necessarily be a maintenance routine. It is proposed to establish a 

sectioning plan, recurring the use of valves in order to allow only compressed air to be circulated during the 

shutdown periods of the various sectors, programmed or forced, in the pipes necessary for the installations 

which, if necessary, remain in operation.  

It has been found that within the Sealler line, near cabin 1, there is an area, called ionization knives, which aim to 

remove accumulated dust/debris in the parts. The supply of compressed air is permanently open as long as the 

line is running, however, while the part is being painted, there is no need for the compressed air to be engaged. It 

is suggested to install a sensor and a solenoid valve in the described area, thus increasing the energy efficiency of 

the system.  
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The compressor is set to operate at a pressure of 8,2 bar. Taking into account that the operation of the 

compressors at this pressure leads to a high energy consumption it is proposed to reduce the operating pressure 

of the grid by 1 bat in order to reduce the energy consumption associated with the production of compressed air. 

It was verified that for the proper functioning of the existing equipment in the installation a pressure of 6 bar is 

necessary.  

 

Table 3 summarizes the proposals made to decrease energy consumption in the compressed air system. 

 
Table 3 – Summary of proposed measures and savings associated with the compressed air system 

Measure Savings 

€/year 

Emissions Reduction 

t𝐂𝐎𝟐/ano 

Investment 

€ 

Payback 

months 

Leakages 4 273 19,03 - - 

Inappropriate Use  804 1,21 - - 

Sealler 1 357 6,05 195 1,7 

Pressure Reduction 2 011 8,96 - - 

Total 8 445 35,25 195 0,3 

 

4.4 Bonding Sector HVAC Optimization 

 

In order to optimize energy consumption in the bounding sector, more specifically in the air conditioning of the 

space, it will be studied the ideal set-point of the air handling unit, taking into account the balance between 

energy saving and efficient application of the glue. The current set-point for the room is 22ᵒC +/- 2ᵒC. 

An experimental work was prepared. Glue dots were applied to a produced part and a series of simple small 

components were glued at different points at different times for testing in a temperature controlled room. This 

experimental work tends to simulate the real case of marriage of the interior part with the exterior, produced in 

the plant. 24 hours after gluing, a tensile test was performed using a dynamometer. The tension is then calculated 

by dividing the force required to remove the component from the glue application area. It is known through 

glue’s supplier that the fiber pull-out, meaning effective glue application, takes place at a tension of 1 MPa. 

Figure 3 shows the tension that is necessary to separate a part of another from the moment glue is applied until 6 

minutes later, with different temperatures of the room.  

 

 
Fig. 3 – Pull-out tension vs glue application time curves for a temperature range between 24ᵒC and 32,5ᵒC 

 

It is proposed to change the set-point of the bonding room to 26 (+/-2ᵒC). The fibre pull out is guaranteed even at 

the upper temperature limit, at 28ᵒC. There is still room for more cycle times, especially with the introduction of 

new projects. A saving of 8,6 MWh/year could be achieved, corresponding to 938,3 €/year and 4,2 tCO2/year. 

4.4 Energy Management System Implementation 

 

Since we’re talking about a large energy consuming company, according to the SGCIE (DL nº71/2008), with a 

total consumption over 500 toe/year, there is already a concern about energy consumption in the plant, even so it 

is still possible to promote energy efficiency. 
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It is proposed to implement a system for monitoring and controlling variables that condition productivity and 

energy consumption, given the increasing importance of energy as a cost factor of production, and taking into 

account current legislation. With the implementation of the energy management system a reduction in energy 

costs will be possible and an effective monitoring of an energy consumption rationalization plan can be carried 

out effectively. 

The investment in the energy management system would be 9 335,35€. 

5. Conclusions 

 

The present study provides an overview of the issues of high GHG emissions resulting from energy 

consumption, especially from the industrial sector, and the need to adopt measures to optimize energy 

consumption to reduce these emissions and associated billing.  

It is conclusive that, in fact, there are some optimizations that once implemented will meet the objectives 

outlined in this study. In particular an energy conservation intervention with regard to the mold’s heating time is 

quite significant in terms of natural gas consumption reduction as well as a burner’s tuning. These measures will 

cause the reduction of 13% on natural gas bill. 

Regarding the electrical power billing, management measures are proposed in the use of the compressed air 

system and also the reduction of the operating pressure of this same system. It was also analyzed the HVAC 

operation of a given acclimatized room and also proposed a conservation measure of energy. These measures 

will cause the reduction of 8% on electrical power bill. 

Studied measures can achieve a global reduction of 129 tCO2/year (- 8%). 

Finally, it is proposed the implementation of an energy management system always with the aim of reducing 

energy costs, a measure that still presents a considerable investment but which presents itself as a strong bet in 

the current times of large energy consuming companies as it is the case of the studied plant.  
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