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Abstract

Research on environmental impact assessment in metal production continues to evolve. The developing "chill-
on-demand" system is expected to be a revolution in the industry in minimizing negative climate changes. It is
used, for example, in industrial cans and storing food products. Therefore, opportunities for this product are
still being sought, mainly in the context of the possibility of recycling its steel and aluminum elements (HEU).
The purpose of the research was to conduct a life cycle assessment (LCA) of a beverage can with a cooling
system and to determine the eco-costs incurred during the life cycle of this product. Life cycle assessment was
carried out on the 1ISO 14040 standard. The analysis was supported by FOOTPRINTCALC 1.2. calculator
designed to measure and improve the environmental impact of products. The data were modeled for carbon
footprint and eco-costs. The test results showed that the self-cooling beverage can produce in LCA: i) about
101.430 kgCO:e, ii) about 27.64 euros eco-costs, which must be reduced to reduce environmental burdens.
Future research will analyze various production scenarios for this type of product.
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1. INTRODUCTION

From a sustainable development perspective, emissions in all sectors of activity must be drastically reduced
to achieve adopted climate goals, such as net zero greenhouse gas (GHG) emissions by 2050. The essential
action for effective management is to support the analysis of emissions resulting from individual units' activities
and consciously make decisions regarding reducing the carbon footprint (COz2) [1]. This is problematic in the
case of metals, of which the variety (mined and used) has continued to grow since the beginning of the
Industrial Revolution [2, 3]. At the same time, metals used in low-emission technologies have become
important in the industry, contributing to increasing concern about the sustainable development of raw material
extraction [1]. This is particularly important because metal production is one of the key industries in the world,
and it is one of the most energy-intensive (38% of global energy consumption in industry, 15% of electricity
consumption, and 11% of energy consumption). Additionally, the mentioned consumption is based on fossil
fuels, which account for, e.g., 19% of the world's coal and carbon products [4, 5]. Recycling rates for metals
such as aluminum are relatively high, such as at the end of their useful life exceeding 50%, and can reach as
high as 70%. It is possible to achieve increasingly better indicators by using steel scrap for steel production
and by balancing the energy of aluminum, which comes from recycling rather than primary aluminum. One of
the main sustainability issues includes the intensity of energy consumption and pollution during ore processing
[6]. Recycling aluminum and steel elements, e.g., cans used for industrial products such as paints or aerosols
is problematic. However, the largest source of use (95%) is for storing food products. The steel recycling rate
is growing dynamically, but the number of steel cans has decreased significantly in recent years due to their
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replacement with lightweight aluminum or plastic cans [7]. The "chill-on-demand" system, a new technology
that allows quick sweetening on demand, is increasingly popular in cans [8]. This system may revolutionize
reducing negative climate changes, mainly greenhouse gases. This is because of the possibility of using it as
a replacement for refrigerators or coolers, which are popular mainly in low-income countries but also often in
middle-income countries, even sometimes in wealthy countries. However, there is still a lack of comprehensive
analyses covering the life cycle of these products in terms of carbon footprint. As stated by the study authors
[9, 10], it is still important to look for favorable solutions for self-cooling cans, considering the possibilities of
recycling its elements, i.e., the outer steel and inner aluminum parts (HEU). Therefore, the article aimed to
conduct a life cycle assessment (LCA) of a beverage can with a cooling system and determine the eco-costs
incurred during the life cycle of this product. The presented methodology will be useful in similar situations in
other industries, including machinery [11], steel industry [12], corrosion protection [13], and cleaning [14]. This
also influences the change of analytical and predictive approaches [15], which must consider the
environmental burden and not only simple direct costs as in DOE [16].

2. MATERIALS AND METHOD

The chill-on-demand system causes, on demand, endothermic desorption of CO:2 previously adsorbed on the
activated carbon (AC) bed. He is inside the said drink cans. The exterior of the beverage can is made of
galvanized steel. The inner part of the can is made of aluminum, the so-called heat exchange unit (HEU),
which contains the mentioned activated carbon and prevents the beverage from contacting the activated
carbon. HEU makes the can larger than the traditional one. The button that activates the pressure valve outside
the HEU is located at the base of the can. When pressed, CO: is released into the atmosphere. Under ideal
conditions, it is possible to sweeten the drink to approximately 15°C [8]. Figure 1 shows a diagram of the
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Figure 1 Diagram of the technological process of self-cooling beverage cans.
(own study based on [8])

Life cycle assessment (LCA) was carried out according to the 1ISO 14040 standard. The analysis was
supported by FOOTPRINTCALC 1.2. calculator designed to measure and improve the environmental impact
of products. The data were modeled for the carbon footprint and the costs incurred as part of this environmental
impact.
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3. RESULTS

Because the self-cooling can contain additional elements that allow the drink to be cooled, it is larger than
conventional cans. As stated in the article [8, 9], the total volume of this type of can is 510 ml. However, the
drink volume stored there is similar to that in traditional cans. Therefore, a functional unit was defined to allow
data normalization at 300 ml of chilled drink. It was assumed that the lifespan of the can is one use. Direct
loads (including the input data to the model) covering the entire self-cooling life cycle were assumed according
to the article's authors [9], as presented in Table 1.

Table 1 Direct loads in the life cycle of a self-cooling beverage can.

Input data Direct loads
Carbon dioxide (kg) 0.055
Tin-plated steel (kg) 0.029
Aluminum (kg) 0.039
Activated carbon (kg) 0.110
Virgin aluminum (kg) 0.0103
Recycled aluminum (kg) 0.0095
Virgin steel (kg) 0.0180
Recycled steel (tin-plated) (kg) 0.0120
Energy for CO2 conversion (MJ) 0.0613
Energy for AC compression in HEU (MJ) 0.0864
AC regeneration energy (MJ) 83.20
Transport as a return to a store 40 km away (kgCO2eq) 1.54E-08

Following the study authors [10], LCA analysis is performed according to a scenario in which fossil fuel is
considered instead of coconut shells used to generate an alternating current. The energy necessary to charge
and compress activated carbon in HEU was also assumed to be an environmental load. The analysis
considered the relatively large amount of metals used in the self-cooling can, while materials with low
grammage, including those with a low environmental impact, were omitted. Some metals have also been
identified separately because they cannot be used in a closed loop, i.e., they cannot be recycled and recovered
for reuse. According to the study's authors [9], 70% of the HEU is assumed to be recovered and reused as
part of the activated carbon replenishment. The remaining 30% of the HEU is activated carbon, regenerated
in an economical furnace (energy consumption of 1 kWh/kg). Then, the aluminum in the HEU is processed
again. A similar situation was assumed for the steel material. It forms the outer part of the can and is recycled,
according to the studies' authors [9, 17]. It is assumed that recycled materials are mixtures with virgin material.
However, carbon dioxide in HEU (for carbonated drinks) is recovered from waste streams from other industrial
processes, as in the analyzed approach from gases from ammonia installations. It is emitted into the
atmosphere regardless of whether the cooling function is used. According to [9], GHG (greenhouse gas)
emissions may be of the same magnitude as the production of carbon dioxide from fossil fuels. In the case of
transport, it was assumed that these would be diesel trucks with a load capacity of 27 tons.

According to the adopted assumptions, the can life cycle was assessed, taking into account the impact of
carbon footprint emissions. This is one of the most important environmental impacts considered for products,
e.g., [18]. Additionally, the so-called eco-costs result from the can's life cycle in terms of carbon footprint
emissions. Eco-costs are the environmental burden of a product according to analyses on the prevention of
these burdens. Eco-costs are costs that need to be reduced in order to reduce environmental pollution, as well
as the depletion of raw materials in the world within a level corresponding to the Earth's carrying capacity [19,
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20]. They constitute the sum of the marginal costs of prevention during LCA, as well as the ecological costs of
material depletion, energy and transport, and emission costs. Eco-costs are virtual costs that are not integrated
with real costs [21, 22]. The model and analysis of the results were developed in the FOOTPRINTCALC 1.2
calculator. Carbon footprint emissions during use were omitted during the analysis due to the lack of reliable
data for analysis.

Figure 2 shows the estimated can-originated carbon footprint emissions for selected LCA phases.
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Figure 2 The impact of self-cooling cans during their life cycle on the creation of carbon footprint (kgCO:ze)

According to the adopted assumptions, it was observed that the greatest impact was the distribution phase
(approx. 96 kgCO2e). Much less carbon footprint is created during the production of cans (approx. 11 kgCOze).
In the end-of-life phase of the can, approx. 6 kgCO-ze. This is due to the recycling of selected materials, such
as metal and aluminum. A small share of the carbon footprint was observed in the material acquisition phase
(0.03 kgCO2e). The use phase was omitted from the analysis. Therefore, the final impact of the self-cooling
can on its life cycle was estimated at 101,430 kgCO:ze for the carbon footprint. Then, the eco-costs of the self-
cooling can, i.e., the costs resulting from its life cycle, were analyzed. The result is shown in Figure 3.
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Figure 3 Eco-costs for a self-cooling can (kgCOze)

It was observed that savings of up to approximately 28 euros could be achieved in the distribution phase. In
the production phase, it is only about 2 euros. As part of the last phase (end of life), it is possible to achieve
eco costs of approximately -2 euros. The total eco-cost that needs to be reduced in order to reduce
environmental burdens (mainly in terms of carbon footprint) is 27.64 euros. It has been shown that it is good
to take improvement actions in the area of can distribution and production. In the same phases of the self-
cooling can life cycle, it would be necessary to take cost-saving measures to reduce environmental burdens.
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4, DISCUSION AND CONCLUSION

The aim of the analysis was to conduct a life cycle assessment (LCA) of a beverage can with a cooling system
and to determine the eco-costs incurred during the life cycle of this product. Life cycle assessment was carried
out on the ISO 14040 standard. Calculations were made using the FOOTPRINTCALC 1.2 calculator, designed
to measure and improve the environmental impact of products. The data was modeled for carbon footprint and
€Co-Costs.

The main conclusions are as follows.

. the largest share of the carbon footprint occurs in the can distribution phase (approximately 96 kgCOze);
then during production (approx. 11 kgCOze) and obtaining materials (0.03 kgCO:€);

o in the end-of-life phase of the can, there are approx. 6 kgCOze, which are caused by taking into account
both the recycling and processing of non-recycled materials;

. with the assumptions made for a self-cooling can, carbon footprint emissions were estimated at 101,430
kgCOze;
. the greatest eco-cost savings could be achieved in the distribution phase (approx. 28 Euro).

As shown, the research results indicate critical places in the life cycle of a self-cooling can, such as the area
of its distribution and production. Therefore, as part of further research, it is necessary to analyze other solution
scenarios for this product. The originality of the proposed model is the ability to verify the entire product life
cycle in terms of the creation of a carbon footprint, but also taking into account eco-costs indicating the
environmental burden of the product and directions to prevent these burdens.
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