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Refrigeration system is one of the biggest reason of the expanding pattern of energy consumption, thus, energy
saving is one of the best approach to overcome this issue. Nanoﬂuids show extraordinary potential in upgrading
the thermodynamic and mechanical performance of the refrigeration system. In the refrigeration system, the
eﬀort to improve the eﬃciency of the system is by introducing nanoparticles in refrigerant (nanorefrigerant) and
in lubricant (nanolubricant). In this paper, a comprehensive review is carried out to investigate the impact of
nanorefrigerant and nanolubricant on energy saving. The overview consists of properties enhancement of
nanorefrigerant and nanolubricant, tribological performance, heat transfer enhancement, performance in heat
exchanger, improvement in refrigeration system and pressure drop characteristic. The previous results showed
that the best energy saving with 21% less energy used was with the use of 0.5% volume ZnO-R152a refrigerant
nanolubricant. Both the suction pressure and discharge pressure were brought down by 10.5% when
nanorefrigerant was utilized. The evaporator temperature was lessened by 6% with the utilization of
nanorefrigerant. The replacement of R134a with R152a gives a green and clean environment, with zero ozone
depleting potential (ODP) and less global warming potential (GWP). The performance of refrigeration system
was signiﬁcantly enhanced.

1. Introduction
In the last few decades, the world electricity generation and
consumption became a main issue of discussion among researchers,
politicians and environmental activists because of its increase in
generation and consumption. Consequently, it aﬀected the cost of
electric generation paid by the government in terms of fuel subsidization and also the use of fuel in high quantities would contribute to
global warming. The world energy consumption is roughly
153,071×1012 kW of energy in 2007 [1]. The combined worldwide
energy utilization from 2007 to 2035 is estimated to be expanded by
1.4% every year, thus in 2035 the aggregate vitality expended will be
roughly 216,500×1012 kW [1]. In spite of the high interest for energy,
the measure of fossil fuel vitality resource is declining and the oil fuel
store is in critical condition. By 2035, the cost of oil will be required to
move up to USD210 per barrel. With this, the eﬀect of high fuel cost is
huge in heat engine conversions. Basically, the energy saving management must be implemented and improved in order for long term
sustainability [2].

There are three main consumers of electricity worldwide; industry,
residential and commercial. In the United States for example, electric
consumption in residential sector accounted for 38% of the total
generation in 2009 [3]. In European countries, the residential sector
consumed 35% of the total electric generation in 2009 [4]. Meanwhile,
in Malaysia, the residential sector uses about 21% of the total country's
electricity generation in 2009 [5]. Fig. 1(a) and (b) show electricity
consumption in US and Malaysia for the three main consumers in
2009. Nowadays, the world population is growing, with the demand for
food will also increase. Our food production is dependent on three
critical resources: water, land, and energy. For example, countries such
as Africa, the cultivated area (AI) are expanding by 0.3–49.5% from
2011 to 2035, and 16.5–83.2% from 2011 to 2060, respectively [6].
These areas are potentially used as agricultural land. The increase in
cultivated area (AI) and also agricultural areas will lead the increment
of the demand for water. Various researches had been undertaken to
improve and renew the irrigation system [7–10]. Increased activity of
agriculture and modern irrigation system will lead to more demand for
electricity in the future.
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