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Abstract: The article presents the analysis of the implementation of selected elements of car transport
in the aspect of ecology. The basic issue that affects the protection of the environment (ecology) is the
value of energy intensity in the manufacture of products. The elements made in the production process
of plastic mouldings were compared. The amount of energy in kJ needed to produce 1 kg of a given
product was estimated. Next, the dependencies between the value of computational energy intensity and
the emission of gases affecting the environment of CO2, SO2, NOx were presented. As a conversion factor
according to GUS data, it was assumed that 1kWh production in Poland causes emission of 800 g COx,
7 g S0z and 3 g NOx
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Introduction

Energy intensity in the production of a specific product is the amount of energy consumed
in the production process [1+3]. In our case, we are talking about energy-intensive technology (ET). ET does
not contain partial energy to obtain and process raw materials and materials contained in the finished
product. Generally, Er= XE;, where Ei — energy intensity of the next phase of the technological process.
It contains the sum of energy put into the process carriers, technological materials, machines and
technological devices, as well as the work force used in the technological process. The total energy
consumption of the production process is influenced, among others, by the tools that wear out during the
manufacturing, processes related to the regeneration of used materials, or costs related to the planning of
production processes [4+8]. An important process in environmental protection (ecology) is the monitoring
of air pollution, especially on the scale of gas pollution. The main pollutants in the gaseous state are mainly:
carbon dioxide CO2, sulfur dioxide SOz, nitrogen oxide NOx and hydrocarbons CnHm. [9,10]. In addition, it
was found that SO: concentration of 0.5 mg/m® is very harmful to humans, animals and plants. In
particular, the sulfur content of fuels should be minimized. Carbon dioxide is one of the main causes of the
greenhouse effect. In addition, with a 0.4% CO: dose in confined spaces, we experience breathing problems.
Nitrogen oxides affect living organisms just like chemical weapons and in higher doses can lead to death
[11]. Considering the data presented in the summary, one should strive to reduce the energy intensity of
manufactured products, by applying solutions which reduce the impact of production on the environment
[12+14] or using modern materials processed repeatedly with negligible environmental impact e.g.
polylactide (PLA) [15+17].

Assessment of energy intensity of selected elements of a car transport

To assess energy intensity the following components were selected:
1. Can, which is the seatbelt's casing (Fig. 1);
2. Car headrest —its skeleton (Fig. 2);
3. Frame, which is a casing used for the mounting of control systems (Fig. 3);
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73,5 mm

Fig. 1. Seat belt buckle element ’Can”’

1774+ 0,3 mm N

Fig. 2. Element of the headrest

The main material for the above-mentioned products are plastics. The can and headrest are made
of polypropylene, whereas the frame is made of the highest strength plastic, which is the PC polycarbonate.
In an embodiment of the can element, calculations of the energy intensity of making a can element

will be made, taking into account all energy intensity used in the production of the plastic element.
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Fig. 3. Element used for the assembly of control systems “Frame”
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The total technological energy intensity Etcat is:
Etca=EewtEmet+Eet Ena=5500+14,8+100,8+3560 = 9175,6 k]J/1 kg of product,
where:
Ew=5500[k]/kg] of plastic material based on CSO data;
Em — energy consumption needed to produce material for the injection mold;
Ef — energy consumption of the injection mold, 100,04 kJ/kg for 100000 injections;
Ewxi —energy consumption in the production process per 1kg of product kJ/kg.

For the headrest and frame, the calculations have been made as above, and the summary results are

shown in Figure 4.
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Fig. 4. Energy intensity of the manufacturing of a can, headrest and frame

Energy intensity in the production of material for the aforementioned products was included in the

CSO materials [18], this also applies to materials for injection molds (material for the tool).

Based on the calculation of energy intensity of the elements presented in the article, the following total

energy-intensive technologies were obtained:

1. Can-9175K]/kg;
2. Headrest - 9161 k] /kg;
3. Frame -20727,27 kJ/kg.

If we replace elements made of plastic with elements made of metal, then the result would be the

following:

1. For the Can, the best technology will be a precision casting from AlSi with an energy consumption
of 40 MJ/kg;

2. For the Headrest element, it is proposed to make an AlSi cast in an accurate sand form made
on the basis of PERMASET furan binders with energy consumption of about 40 MJ/kg;

3. For the Frame, machining of the pre-material with a thickness of approx. 8 mm can be used. Due to the
large amount of chips, energy consumption may exceed 100 MJ/kg. Another method of production can
be the execution of an accurate AlSi alloy casting. Then the energy consumption of the product will be
about 40 MJ/kg. The limitation is the need to use hard waxes for melted models.

4. Using the reference to the ecology of the plastic elements obtained with a batch of 10,000 items,

assuming according to the CSO data, that the production of 1 kWh in Poland results in the emission of
800 g CO2, 7 g SO21 3 g NOx. For plastic elements, we get the results shown in the table I. If we use AlSi
elements for production, we will get the ecological parameters presented in the table II.
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Table I. Ecological parameters of obtaining plastic elements for 10000 items

Can Headrest Frame

Weight [kg/pcs.] 0,023 0,1245 0,02

Lot weight [kg] 230 1245 200

Etcat [M]] 2110,5 11404 4144

Ercat [kWh] 586 3167 1151

: :E i CO2 [kg] 469 2534 921
é 5 § SO: [kg] 41 22 8
= NOx [kg] 1,76 9,5 3,5

Table II. Ecological parameters of obtaining metal elements for 10000 items

Can Headrest Frame

Weight [kg/pcs.] 0,062 0,335 0,054

Lot weight [kg] 620 3350 540

Ertcat [M]] 24800 167500 21600

Ercat [KWh] 6890 46528 6000

g :‘E . COz [kg] 5512 372224 4800
é 5 ?D SO: [kg] 48,2 325,7 42
=g NOx [kg] 20,7 130,6 18

Conclusions

1. The use of AlSi material instead of plastics to manufacture the elements used in car transport causes a
significant increase in energy consumption of the production process.

2. Emission of harmful gases CO2, SiO2 and NOx in the case of the above-described elements is much
greater when they are made of AlSi than from plastics. For individual parts we obtain:
e Can - the number of emissions is more than 11 times greater;
¢ Headrest — the number of emissions is more than 14 times greater;
e Frame - the number of emissions is more than 5 times greater.

3. The use of plastics for the aforementioned elements causes a much smaller environmental
contamination resulting in a lower impact on the health of people.

References

1. Haratym R.; Kolasa A. Ecological production the machnes parts (Ekologiczne wytwarzanie czesci maszyn),
Oficyna Wydawnicza PW, Warszawa (1997).

2. Mikucki O.; Energii K.A.P. Energochtonno$¢ jako czynnik nowoczesnej gospodarki. Czysta Energia 2005, 8.

3. Salonitis K.; Ball P. Energy Efficient Manufacturing from Machine Tools to Manufacturing Systems. Procedia CIRP
2013, vol. 7, 634- 639. [CrossRef]

4. Bunse K.; Vodicka M.; Schonsleben P.; Briilhart M.; Ernst F.O. Integrating energy efficiency performance in
production management-gap analysis between industrial needs and scientific literature. Journal of Cleaner
Production 2011, vol. 19(6-7), 667-679. [CrossRef]

5. Behrendt T.; Zein A.; Min S. Development of an energy consumption monitoring procedure for machine
tools. CIRP annals 2012, 61(1), 43-46. [CrossRef]

6.

Jaworski J; Kluz R.; Trzepiecinski T. Managing the tooling service in body production line. Journal of
Manufacturing Technologies 2015, vol. 40(1), 41-46. [Hyperlink]

Welding Technology Review - www.pspaw.pl ~ Vol. 91(3) 2019 35


https://www.sciencedirect.com/science/article/pii/S2212827113003144?via%3Dihub
https://doi.org/10.1016/j.jclepro.2010.11.011
https://doi.org/10.1016/j.cirp.2012.03.103
http://jmt.wip.pw.edu.pl/index.php/JMT/article/view/40-1-7

7. Soroczynski A. Regeneration of Foundry and Core Masses. Journal of Manufacturing Technologies 2018, vol. 41(4),
29-33. [Hyperlink

8. Liu K.; Bai H; Wang J; Lin B. How to reduce energy intensity in China's heavy industry—Evidence from
a seemingly uncorrelated regression. Journal of Cleaner Production 2018, 180, 708-715. [CrossRef

9. Lewandowski W.M. Proekologiczne odnawialne zrédta energii. Wydawnictwa Naukowo-Techniczne (2012),
322-347.

10. Krawiec F. (Ed.) Odnawialne zZrédta energii w $wietle globalnego kryzysu energetycznego: wybrane problemy,
Difin (2010).

11. Ochrona $rodowiska 2017, GUS Warszawa 2017

12. Ruszaj A. Wybrane aspekty bioinspiracji w rozwoju przemystu. Welding Technology Review 2018, vol. 90(3), 52-56.
[CrossRef]

13. Weinert N.; Chiotellis S.; Seliger G. Methodology for planning and operating energy-efficient production
systems. CIRP annals 2011, 60(1), 41-44. [CrossRef]

14. Garbarski J.; Fabijaiiski, M. Ograniczenie dymotwoérczych wilasciwosci tworzyw sztucznych na przyktadzie
wysokoudarowego polistyrenu. Polimery 2004, vol. 49(4), 283-286.

15. Fabijaniski M. Wielokrotne przetworstwo polilaktydu. Przemyst Chemiczny 2016, 95(4), 874-876. [CrossRef]

16. Badia J.D., Ribes-Greus A., Mechanical recycling of polylactide, upgrading trends and combination of valorization
techniques. European Polymer Journal 2016, 84, 22-39. [CrossRef]

17. Sikorska W.; Richert J.; Rydz J.; Musiol M.; Adamus G.; Janeczek H; Kowalczuk M. Degradability studies of poly
(L-lactide) after multi-reprocessing experiments in extruder. Polymer degradation and stability 2012, Vol. 97(10),
1891-1897. [CrossRef]

18. Gospodarka Paliwowo energetyczna w roku 2013/2014, GUS Warszawa 2015

© 2019 by the authors. Submitted for possible open access publication under
|© ® the terms and conditions of the Creative Commons Attribution (CC BY) license
(http://creativecommons.org/licenses/by/4.0/).

Welding Technology Review - www.pspaw.pl ~ Vol. 91(3) 2019 36


http://jmt.wip.pw.edu.pl/index.php/JMT/article/view/41_4_5
https://doi.org/10.1016/j.jclepro.2018.01.170
http://www.pspaw.pl/index.php/pspaw/article/view/869
https://doi.org/10.1016/j.cirp.2011.03.015
http://sigma-not.pl/publikacja-97918-2016-4.html
https://www.sciencedirect.com/science/article/pii/S0014305716306772?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0141391012001383?via%3Dihub

