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The appropriate use of energy is vital for the sustainable development of
society in the different productive areas such as the industrial, commercial and
domestic sectors, in this sense the machines must use suitable materials
tending to reduce the contamination of water sources and soil, emission of
carbon dioxide into the atmosphere due to energy consumption. In this context,
the objective of the study focused on designing an air conditioning system
based on the carbon footprint; life cycle analysis (LCA) and eco-designs were
applied as a methodology, allowing to identify the categorization of the
contaminant and its level of environmental impact, from the extraction of
resources, manufacturing, distribution, use and final disposal. It was possible to
evaluate the environmental impact referring to the functional unit of a split-
type air conditioning system of 12,000 BTU of cooling capacity, obtaining as a
result the carbon footprint with an annual carbon dioxide quantification of
722.8 tons of carbon dioxide. Carbon (CO2), significantly representing the
intensive use of the system and, on the other hand, the energy required for the

life cy cI?; manufacturing process of the refrigerant gas hydro fluorocarbons (HFC) R410
strategies; A
sustainability; ’
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1 Introduction

According to the UN (2021), the world population is on the rise, in the next 30 years it is projected at 9,700
million, which makes the sustainable development of man's basic necessities vital, with the objective of
guaranteeing the resources of the present and the future for the following generations. To achieve these
results, life cycle analysis is necessary Ramirez et al. (2019) and improve current designs to reduce
environmental impacts both in the manufacturing phase and in the use of products, essential factors for
reducing pollution that affects the global world causing climate change (FAO, 2019).

Given the above, humanity is in decisive times to be able to face challenges such as climate change, having
as references the various transformations that are taking place in different parts of the planet, which range
from the rise in sea level to changes in the food production; due to the processes of industrialization,
agriculture and large-scale deforestation, which consequently have also led to the generation of increased
levels of greenhouse gases in recent years. (United Nations Organization, 2021). emissions will largely
determine global mean surface warming at the end of the 21st century and beyond (see Figure SPM.10). Most
aspects of climate change will endure for many centuries, even if CO2, implying a remarkable inexorability of
climate change over several centuries, due to2 past, present and futurelntergovernmental Panel of Experts on
Climate Change. Faced with this scenario, life cycle analysis, according to ISO 14040 INEN (2014), responds as
part of a method that allows evaluating environmental loads from its manufacture, use and end cycle, that is,
integrating the extraction raw material, production, packaging, distribution, use and final disposal of the
product or service; and conclude with product improvement strategies (Cure & Acock, 1986; Yin & Moss,
1999).

2 Materials and Methods

The cradle-to-cradle life cycle-based environmental impact analysis approach was applied to the manufacture
and use of split-type air conditioning systems with a cooling capacity of 12,000 BTU Avadi et al. (2015)
considering the raw material, manufacturing, distribution, use and end of the product cycle Given the above,
the life cycle allowed to identify and quantify the energy and materials used for the development of the
product, in this context to determine the emissions of carbon dioxide (CO2) generated and that affect climate
change and global warming Figure (1) shows the flowchart for product improvement with respect to the
environmental impact considered.
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Figure 1. Product improvement flowchart
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For the evaluation of the environmental impact of the 12000 BTU split-type air conditioning product, the
necessary energy in Kilowatts (kW) of the different components of the system and their characterization have
been specifically considered. according to the environmental impact category of the different components
such as the compressor, evaporator, condenser, fan motor, plastics (polyethylene), copper pipes, packaging
material, among others. Likewise, fuel consumption is considered by distance (km) from China to Guayaquil
by means of a container ship and from Guayaquil to the assembly plant by means of trucks that transport the
components of the Chigo CS12-ACR-UE brand cooling system. On the other hand, in the use of the product, the
frequency of use is considered, as well as the energy required during the operation of the system and taking
into consideration that the end of the cycle of the product does not have a correct final disposal, there would
be the probability of an environmental impact (McKown et al., 2009; Cuff et al., 1998).

As a primary source of information, technical personnel in the air conditioning area were used, as well as
suppliers of the systems involved in the manufacturing and distribution processes of air conditioning
components, and on the other hand, data were used as secondary sources of information. Carbon dioxide
(CO2) for each kW of energy used and fuel consumed, accepting the IPCC guidelines (Inventories, 2006). For
the evaluation of the environmental impact of the product, the Eco-design PILOT software was applied, whose
objective is to provide tools to improve the environmental performance of the product related to the life cycle,
facilitating the formulation of improvement strategies in the production and use phase (Eco-design Pilot
Corporation, 2020). Given, the eco-design program allows determining the intensity of the environmental
impact caused by the product, likewise, it facilitates the integration of improvement actions.

The environmental impact assessment of the 12000 BTU split-type air conditioner product comprised two
parts: characterization and classification, in this sense, the impact of greenhouse gas emissions such as CO2
and the characterization of resources used by categories to evaluate their impact, likewise its characterization
will be classified according to the categories considered for its relevance of contamination. Table (1) shows
the functional unit of the air conditioning system and the materials as part of the raw material necessary to
manufacture the components of the system, the mass and its classification based on the level of pollution
categorization.

Table 1
Description and manufacturing components of the product

Name Life time Functional Brand / model Use Classificatio
unit n
Air conditioning 10 years 12 0000 BTU  Chigo CS12-ACR-UE 365 days per year Basic type D
Product parts Mass (kg) Material Category
Compressor 18 Iron I\
Condenser 4.5 Aluminum VI
Evaporator 4.5 Aluminum VI
Fan motor 3.5 Aluminum VI
Electronic board 0.5 Polystyrene and epoxy resin \
Various plastics 4.5 Polystyrene v
Pipes 0.3 Copper VI
Refrigerant gas 1.1 R4-10A I
Package parts Mass (kg) Material Category
Packing 1 1.05 Sheet steel I\
Packing 2 0.15 Expanded polystyrene I\
Packing 3 0.5 cardboard 1

Source: PILOT Eco design

On the other hand, table (2) shows the energy needed for the manufacturing production of the system
components, the production volume, the percentage of external parts and their distance from where they
come from are also considered; the distribution of the product with respect to maritime and land
transportation and the type of packaging referring to the product, as well as the frequency of use, the energy

consumption per hour and the inadequate use of the functionality of the segment
Farfan, R. M., Zambrano, T. Y. M., Ledn, G. T. R., Muentes, E. I. C., & Almendariz, F. E. L. (2022). Eco-design of
an air conditioning system decrease in carbon footprint. International Journal of Physical Sciences and
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Table 2
Manufacturing process, distribution, and use of the product

energy
Energy input 204.77 General energy expenses: Energy for heating, lighting in Moderate
Electrical kWh addition to process energy 100%
Materials Partial recycling of materials
Volume of production (unit/pieces per year) 10-10000
Input of auxiliary materials and environmentally hazardous Much more
processes per unit produced
Percentage of external parts 10-30%
Transportation distance for external parts per unit Long
Average transportation by distribution of product distance
Means of transportation (km)
Container ship 16213
Truck 169.5
Van 3825
Type of packaging Disposable
Frequency of use 305 uses per year
Electrical energy consumption per use (from the outlet) 2.17 kWh
The product is potentially hazardous to the environment in the Probable

event of improper disposal or in the event of damage.
Source: Ecodesign PILOT

The following table (3) specifies the end of the cycle and the final disposal of the materials, many of which are
recycled, reused and other hazardous waste.

Table 3
End of product life cycle Product

Parts Mass (kg) Material Arrangement
Compressor 18 Iron Recycling
Condenser 4.5 Aluminum Recycling
Evaporator 4.5 Aluminum Recycling
Fan motor 3.5 Aluminum Recycling
Electronic card 0.5 Polystyrene and resin epoxy Hazardous waste
Various plastics 4.5 Polyethylene Hazardous waste
Pipes 0.3 Copper Reuse
Refrigerant gas 1.1 R410A Hazardous waste
Packaging parts Mass (kg) material Disposal
Packaging 1 1.05 Sheet steel Recycling
Packaging 2 0.15 Expanded polystyrene Hazardous waste
Packaging 3 0.5 Cardboard Recycling

3 Results and Discussions
Importance of eco-design studies of air conditioning

In the coastal and eastern regions of Ecuador, high temperatures and humidity are recorded, especially in
winter National Institute of Meteorology and Hydrology (2021), which causes inadequate thermal comfort,.
Ecuadorian Social Security (1986), effect that not only has an impact on the work environment, but also
influences the health of the worker, especially when, at the business level, the concept of a good work
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environment is a trend that is gaining importance to ensure the health of workers. Workers and increase
productivity, according to the study carried out by the Social Market Foundation (2021); University of
Warwick (2021), which reveals the way in which appropriate spaces motivate a good working environment
among collaborators (Curran, 2013; Ramesh et al., 2010).

In this sense, the company's air conditioning systems are essential, many of which use air conditioning
equipment with variable cooling capacities to meet the needs of work comfort; Among the most used are
those with a capacity of 12,000, 18,000 and 24,000 BTU both in the domestic and commercial sectors and also
for certain areas of industry such as administrative departments. All this equipment has an energy
consumption, which is linked to the rate of carbon dioxide emission, from which the concept of Eco design
starts, which has a direct implication on the products due to its relationship between the social, economic and
ecological throughout the life cycle, especially when they exert environmental impacts such as greenhouse gas
emissions, smoke or water eutrophication; reasons why an analysis of the product life cycle is essential,
allowing to optimize the product and consequently reduce the negative impact of the air conditioning system
on the environment and on the business economy and society (Encinas Malagon, 2011).

It is also important to consider that the environmental impact analysis studies for air conditioning system
products are very few, so the authors could not compare and evaluate the environmental impact that they can
generate according to categories such as climate change, ozone depletion, human toxicity, Eco toxicity,
ionizing radiation, photochemical ozone formation, eutrophication, acidification, and soil depletion. In this
virtue, the objective of the study was framed in designing a split type air conditioning system of 12000 BTU
considering the carbon footprint of the product, within the framework of the category of global warming due
to the effect of carbon dioxide (C0O2).

Once the cradle-to-cradle life cycle analysis was carried out, strategies were generated to be followed to
optimize the manufacturing, functionality and final disposal of the product, thus, as high priority strategies,
the performance of environmental safety must be guaranteed and consumption reduced in the stage of use;
additional strategies such as optimizing product functionality, improving maintenance; and furthermore,
future strategies such as optimization of the type and quantity of process materials and green procurement of
external components. The results of the calculation of the carbon footprint referring to the product of the
conventional 12,000 BTU split-type air conditioning system are shown in table (4).

Table 4
Emissions of CO2 produced by equipment

Components Materials Weight  Total weight for Total weight for Kg CO2 e, for Kg CO2 e, for Ton. CO2 e, x
(Kg) annual annual each ton of each ton Ton. Produced
production (Kg.) production materials produced (4500 Units)
(Ton.) (4500 Units)
Condenser 12870.64 4.5 20250 20.25 Aluminum 260630.387 Aluminum
260.63
Evaporator 12870.64 4.5 20250 20.25 260.63 260630.387 Fan
Motor 15750 35 Aluminum 15.75 12870.64 202712.523 202.71
Compressor Iron 18 81000 81 4302.56 348507.206 348.51
Electronic Polystyrene 0.5 2250 2.25 3779.00 8502.750 8.50
card Fiber 0.5 2250 2.25 2.01 895.00 Housing
2013.750
for indoor unit  Polyethylen 4.5 20250 20.25 3177.38 64341.900 64.34
e HD
Casing for Sheetsteel 1.05 4725 4.725 3000.64 14178, 007 14.18
outdoor unit
Packaging 1 EPS 0.15 675 0.675 3779.00 2550.825 2.55
Packaging 2 Cardboard 0.5 2250 2.25 842.58 1895.797 1.90
Refrigerant R410 A 1.1 4950 4.95 2088000.00 10335600 10335.60
gas
Total 38.8 174600 174.6 2146388.06 11501563.53 11501.56

Farfan, R. M., Zambrano, T. Y. M., Ledn, G. T. R., Muentes, E. I. C., & Almendariz, F. E. L. (2022). Eco-design of
an air conditioning system decrease in carbon footprint. International Journal of Physical Sciences and
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Considering the manufacture, distribution, and use of the components of the air conditioning product, it was
possible to quantify carbon dioxide emissions COz, considering that the refrigerant gas has the largest hue lla
of carbon (10,335.60 Ton CO2) equivalent per ton produced (4,500 units). Emissions from maritime transport,
truck land transport, distribution land transport and equipment in operation.

Table 5
Emissions of COz by sea, land by Truck, land in distribution and by equipment in operation

Maritime transport

Components

of the air IDIESEREE Equivalence of the mile System components of 2 G s # of annual Snicsienioicoe
conditionin Ecuador - a for each Km Maximum load (TEUS) Y air condiItDionin Kg CO2 (Container trips Annual eq. for total
s China g ship 1000-1999 TEU) p production-
system
Equivalence of the mile
12000 BTU Km for each Km TEU Ton. Tonne.km Kg CO3
16213 0.62 1080 174.6 0.032547 1 92133715.62
Land transport
Air Distance
conditioning from # of trips Total weight per system Maximum load (404 HP Emission Annual Emission of CO2 for
system Guayaquil - p production engine ) factor Kg CO2e transportation
components Cuenca
Km Ton Kg Ton.Km Kg Ton CO2
12000 BTU 169 7 174.6 24000 0.07621 15741312.68 15741.31 Ground
Transport in distribution
. Emission
Air factor Class 111
soGitimsing # of trips Distance nationwide Uplil vyl per system Maximum load capacity (greater than il oo ait CQZ 0SB
system production transportation
S e— 3.5 tonnes at
p 17 Ton.)
Km Ton Kg Ton.Km Kg CO2 Ton CO2
12000 BTU 10 332.7 174.6 17000 0.55286 321153167.4 321153.2
Equipment in operation
: - Kg CO2e
K
. i=w h_ ) ) ) Coefficient _of emitted Kg CO2e Kg CO2e Ton.CO2 eq. Per
Capacity consumption  Daily Working Months/  Consumption/year  global electrical emitted per emitted per
. per kw-h : KW-h per year
(btu) (w/h) or hours  days/month year (kw/h) consumption of ) kw.h x unit KW-annual ’
(kw /h) equipment x unit produced X prod. Total ozl i
produced
12000 1.3 8 20 12 3120 1.25 0.15 2106000 9477000000 9477000
The highest CO2 emission falls on maritime transport (92133.72 Ton CO:2 e) of annual emission per total
production, however, the equipment in operation (air conditioning) generates high CO2 emissions (9 477 000)
per kWh in the year. The carbon footprint of the product in its production phase and by its functional unit is
shown in the table (6).
Table 6
Carbon footprint of the cooling system by production and by functional unit
By production By functional unit
Carbon footprint of the conventional Ton. CO2 Ton. CO2 equivalent. Ton. CO2 Ton. CO2 equivalent. Ton. C02
air conditioning system 12,000 BTU equivalent. yearly cradle to door equivalent * (Cradle to cradle) equivalent. Life
annual x total * functional unit functional unit annual * functional unit ~ cycle (years)
units (Cradle to door)
Manufacture of the equipment 11,501.56 2.56
Maritime transport 92,133.72 20.47
Land transport by import 15,741.31 3.50
Land transport by distribution 321,153.17 71.37
Energy required during its operation 9477,000, 00 2106.00 16848.00
Total CO2 9917529.76 2203.90 2203.90 16848.00 19051.90

The highest carbon footprint generated by the product corresponds to the production stage, when the energy
required for its operation, it is the highest value (9,477,000 Tons of CO2) equivalents for total units produced
in the year, while the functional unit emits 19,051.9 Tons of CO2 equivalents to the life cycle of the product,
which is 10 years (Kumar & Lin, 2010; He et al., 2019). As part of the life cycle analysis, the product is
considered type D with respect to the Eco-design Pilot software, that is, the intensive consumption of energy
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and materials during use, dominating the environmental performance of the product. Carbon dioxide (COz)
from the 4,500 units produced annually is 11,501.6 Tons of CO2 equivalent. Emissions from transportation
are significant, reaching 429,124.3 tons of carbon dioxide (CO2) equivalent for the 4,500 units produced
annually. In relation to the use of the cold system, carbon dioxide emissions (CO2) for the total of 4,500 units
in annual operation is 2,812,320.0 Tons of CO2 equivalent considering 8 hours per day for 20 days and 365
days anus (Kasiani & Yusuf, 2019; Omer, 2015). The carbon footprint for the 12,000 BTU capacity air
conditioning Functional Unit is 722.88 Tons of CO2 equivalent per year. Figure (1) shows the energy
consumption of the product per functional unit.

Porwer required during operation [

Distribution ground transportation [Jj
Land transport by import

Marine transport |

Equipment manufacturing

Tons of CO2 equivalent
Figure 1. Carbon footprint of the 12,000 BTU split-type air conditioner

In this sense, the cradle-to-cradle life cycle analysis addressed by the Eco design PILOT simulator yields data
on the impact category of the type of intensive use regarding the consumption of energy and materials in its
manufacturing process of its components that make up the system, as well as the refrigerant gas that is used
as a means of transformation to transfer energy from one source to another with an energy consumption of
11,501.56 Tons of CO2 equivalent per year that corresponds to the total of the manufacturing components
and supplies. Faced with this, the United Nations Organization stands for peace, dignity and equality on a
healthy planet, presents the challenges of climate change, among which is the human footprint, especially in
the presence of greenhouse gases, such as carbon dioxide (CO2), being the gas with the highest concentration
in the atmosphere, constituting approximately two thirds of the presence of other gases.

On the other hand, the Kyoto protocol corresponds to the United Nations Framework Convention on
Climate Change (UNFCCC), and an international agreement that aims to "reduce emissions of six greenhouse
gases that cause global warming: dioxide of carbon (CO2), methane gas (CH4) and nitrous oxide (N20), and
three other fluorinated industrial gases: hydro fluorocarbons (HFCs), per fluorocarbons (PFCs) and sulfur
hexafluoride (SF6)”. In accordance, the UN Climate Action Summit in 2019 welcomed nine priority action
areas and new significant and concrete commitments to combat the climate crisis, considering solutions and
concrete plans in terms of global transition towards renewable energy, infrastructure, and sustainable cities.
Resilient, agriculture and sustainable management of oceans and forests, resilience and adaptation to climate
impacts and convergence of public and private financing with a net zero emissions economy (Jin et al., 2017;
Schaltegger & Csutora, 2012).

In the same context also, the Paris Agreement mentions the use of new technologies improving energy
efficiency, products, implementation of ecological solutions, sustainable industry with the reduction of carbon
emissions and the development of good manufacturing practices and equipment maintenance. Of air
conditioners, as well as in the correct handling of refrigerant gases CFC, HFC as they are potential greenhouse
gases and deteriorate the ozone layer (BBC NEWS, 2021; Le6n & Benavides, 2007). Thus, the development of
high energy efficiency equipment throughout the life cycle of the air conditioning system from the raw
material to its point of operation becomes very important, since in this particular case the energy required for
its operation is significant. The environmental impact assessment of the products is based on the results
obtained, allowing to know the level of environmental contamination and opt for new products under new
strategies that generate less impact on the environment, improving products of small, medium and large-scale

Farfan, R. M., Zambrano, T. Y. M., Ledn, G. T. R., Muentes, E. I. C., & Almendariz, F. E. L. (2022). Eco-design of
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consumption. Contributing to the industry and its competitiveness in the market, in short, industrial design
must be equal to eco designs that harmonize environmental criteria with product designs with the aim of
satisfying the needs of society and caring for the environment (ECO intelligence, 2015).

4 Conclusion

As conclusions of this ecodesign study of an air conditioning system with a cooling capacity of 12,000 BTU, it
has been possible to provide relevant information on the carbon footprint generated by the manufacture and
use of this product. life cycle analysis determined a category of environmental impact of type "D" related to
greenhouse gases such as carbon dioxide CO2, denoting a high energy consumption, which promotes global
warming. Therefore, it is essential to consider environmental safety strategies such as reducing the use of this
type of cooling system due to the high CO2 it emits into the atmosphere; In addition, it is recommended to
develop technified preventive maintenance, tending to reduce the corrective and consequently reduce
possible leaks of refrigerant gas from the system, on the other hand, cutting-edge technologies should be
acquired that allow the efficient operation process of the system to be controlled.
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