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Technologies for Air Conditioning Powered by Alternative Energy Sources: A Brief Review

Ana Caroline Neves dos Santos'’, Alex Alisson Bandeira Santos!
ISENAI CIMATEC University Center, Salvador, Bahia Brazil

Air conditioning systems promote human comfort, representing an energy consumption of up to 30% in a
building. Although electric chillers are still widely used for thermal comfort, absorption chillers are a promising
alternative for air conditioning using renewable energy sources (solar energy, natural gas, waste heat, geothermal,
and biomass). The search for efficient, economical, and ecological solutions becomes evident regarding these
considerations. This article proposes a brief bibliographical review of chillers powered by alternative energy
sources to electricity. Awareness of the application of alternative energy sources in these systems contributes to

sustainable practice and energy matrix diversification.
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Introduction
The balance between environmental
conservation and sustainable economic

development has been a recurring societal issue. In
order to preserve the environment at the expense of
exacerbated consumption, environmental policies
are becoming increasingly strict regarding primary
energy consumption [1].

Becauseofthe global energy scenario, theneed to
expand the energy matrix and promote sustainable
development is evident; seeking alternative and
renewable energy sources, as well as the use
and better application of these, have become
required in this century [2]. When analyzing the
energy matrix in its global context, it is clear that
only 13.8% is derived from renewable sources,
namely: biomass (9.3%), hydraulics (2.5%), and
others - solar, wind, and geothermal (2.0%) [3].
Compared to the Brazilian scenario, 46.2% of the
energy matrix comes from a renewable source.
However, when analyzing the renewable part of
the Brazilian energy matrix, only 7% derives from
solar, wind, and geothermal energy, and the other
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39.2% comes from hydraulics (12.4%), sugarcane
derivatives (18%) and firewood and charcoal (8%)
[4].

Although the Brazilian matrix comes
considerably from renewable sources, the socio-
environmental impacts of some of these sources
are considerable when compared to other energy
sources [5].

The correlation between the evolution of
energy demand and economic growth measured
by GDP has been recurrent, and the increase
in energy consumption can be attributed to
air conditioning systems [6]. The demand for
the expansion in using air conditioning and
refrigeration systems occurred due to population
growth, global warming, the increase in the
social standard of living, and architectural
characteristics, among others [7,8]. In addition,
air conditioning systems consume around 30%
of an enterprise’s energy demand in different
sectors (homes, schools, canteens, public
offices, hospitals, and markets) [9].

Materials and Methods

This article presents a literature review on
alternative energy sources used in chillers for air
conditioning. First, we did quantitative research
to find alternative sources for HVAC chillers.
Then, we searched for articles from the last
six years related to the topic (quantitative and
qualitative analysis) and excluded duplicates.
Figure 1 shows the described method.
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Figure 1. Literature review method.
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Results and Discussion (Figure 2 and Box 1)

Based on thermodynamic principles, the
equipment used in air conditioning systems for
cold production (chillers) is mainly powered
by electricity. The literature estimates that
this equipment contributes about 10% to the
greenhouse effect and consumes 15% of the
energy distributed globally. Therefore, chillers are
responsible for the highest energy consumption in
air conditioning installations. Some chillers are
powered by electrical energy (considered noble
energy), having the thermodynamic cycle of
vapor compression (CCV) as the basic principle
of the thermal machine. There are also absorption
chillers based on the thermodynamic absorption
cycle (CA). This equipment is promising for
diversifying the energy matrix using renewable
energy sources [10].

The absorption technology is advancing and
gaining more expansive implementation for
cooling. However, mechanical vapor-compression-
air-conditioning systems are still widely used
in many commercial, residential, and industrial
installations. It occurs due to the low input energy

requirement of the absorption chillers, which are
ecological and powered by sources of solar energy,
waste heat, geothermal, and biomass [9-11].
The use of solar energy as a primary energy source
is in rapid development and implementation due
to its potential to diversify the energy matrix
and because the cooling loads coincide with
the greater availability of solar energy offered
[11]. Usually, the low heat provided by the
solar collector, especially the photovoltaic (PV)
panels, does not meet the temperature required to
activate chillers, leading to unsatisfactory system
performance. Therefore, it is necessary to use
an auxiliary energy system (SAE) to supply the
demand [12]. CCV chillers that use PV energy as
a primary source (and electrical energy as SAE)
can play a positive role in sustainability. Due
to their simple installation and reliability, PV
became applicable, efficient, and economically
viable. When associated with thermal collectors
(T) - PV/T systems - they offer new fields of
application offering economic and energy benefits
[13,14]. The single-effect air-cooled lithium-
bromide-water absorption chiller (LiBr-H20)
presents advantages in residential applications and
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Figure 2. Alternative energy sources in chillers.
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has shown to be promising in reducing electrical
consumption [15]. Combined with natural
gas (SAE), they present satisfactory energy
performance [12]. Furthermore, infrastructures
that use essentially natural gas absorption
chillers can be easily adapted to work with solar
energy [11]. Absorption chillers are a promising
alternative, exhibiting considerable energy-
saving benefits, potential economic viability,
and environmentally friendly features [16].
Given the search for alternative energy sources
and considering that there are polluting fuels in the
atmosphere, such as coal, heavy oil, and tar, natural
gas presents itself favorably [7]. When comparing
natural gas with other biofuels, there is less CO2
emission. Furthermore, natural gas is preferred by
stakeholders and politicians, as geopolitics often
plays an essential role in choosing the appropriate
energy source [ 17]. Natural gas as a primary energy
source for the absorption chiller is a promising
solution. It presents valid results with high
efficiency and an excellent financial return (simple
payback of 3.4 years) [18]. When associated with
thermal waste as a source of secondary energy
allows the reduction of the consumption rate of
natural gas and reduces the annual operating cost.
This solution can be crucial in energy efficiency and

reducing thermal and environmental pollution [19].
Geothermal energy has diverse industrial and
domestic applications, including a cold promotion
with absorption chillers. Its process consists
of providing earth/ground heat for heating and
cooling [20]. Geothermal energy is a resource
that provides an economic gain, as it is verified
an increase in energy efficiency in refrigeration
systems and energy generation with absorption
chillers. However, it cannot be used efficiently
for electricity generation [21]. On the other hand,
technologies that use geothermal energy in air
conditioning systems have a good performance and
can be very competitive when well implemented
compared to conventional technologies [22].
Biomass is one of the renewable energy sources
with the potential to diversify the energy matrix
and promote industrial symbiosis. Its main
product — synthesis gas — can be used as fuel in
several sectors, including trigeneration. The
application of synthesis gas has high energy
and environmental value. However, they are
not widely applied due to their high complexity
and high initial investment [23]. In addition to
synthesis gas, biogas, also derived from biomass,
can be used as fuel to reduce total greenhouse
gas emissions [24]. Although it does not present
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significant efficiency gains compared to natural
gas, biomass may be a promising alternative in
the future because it has impressive environmental
advantages and has not reached technological
maturity [25]. Pantaleo and colleagues (2017)
[26] proposed a mixture of fuel, 50% natural gas,
and 50% biomass in a mixed gas microturbine
to overcome the barriers to energy efficiency,
economic viability, and good profitability. In
addition to energy efficiency results, environmental
impacts are reduced when biomass is used in
trigeneration concerning energy production [27].

Conclusion

We presented the refrigeration systems for
air conditioning powered by alternative energy
sources as alternatives to market solutions that use
electricity as the primary energy for this equipment.
The most significant appeal of the application of
these technologies is the diversification of the
energy matrix and sustainable practice. Despite
the diversity of alternative energy sources, the
absorption chiller still needs to overcome a market
barrier to the detriment of compaction technology.

Box 1. Comparative alternative sources in chillers by literature.

Energy efficiency

Economic viability

Environmental
impact

Electric chiller
- Solar energy

Absorption Chiller
- Solar Energy

Absorption Chiller
- Natural Gas

Absorption Chiller
- Geothermal

Absorption Chiller
- Biomass

They are efficient,
when the PVT system
is used, its efficiency is
maximized [14]

When associated
with natural gas, they
show satisfactory
performance [15]

They are efficient and
when combined with
thermal waste they are
promissing [28, 19]

Efficient, especially
when used for
trigeneration [21]

Compared to natural
gas, biomass has not
shown significant

energy efficiency gains
[24]

The economy depends
on each country’s energy
prices and energy policy
[18]

They may have payback
between 4 and 5 years
[28]

Feasilble, however,
government incentives
directly influence [29]

It may be feasible when
there is no incentive to
other sources [20]

In mixtures (50%
natural gas and 50%
biomass) it is profitable
both trigeneration and
cogeneration [27]

Even being renewable,
electricity as SAE, has
a socio-environmental
impact [5]

Significantly reduces
CO: emissions per
year [15]

The association
with thermal waste
provides a reduction
in thermal and
environmental
pollution [19]

Reduced
environmental impacts
[22]

They are reduced,
especially when used
for trigeneration [27]

Source: By authors.
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One way to enable superior technology in economic
incentive technologies is in the commercialization
of solar collectors, government incentives for
the use of natural gas and solar energy, and more
significant technological investment to make the
use of geothermal energy and biomass feasible.
Even with the challenges faced, the community
must be aware of the various alternatives for
air conditioning so that there are technological
advances without compromising the environment.
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