ISSN 2347 - 3983
Volume 8. No. 10, October 2020
International Journal of Emerging Trends in Engineering Research
Available Online at http://www.warse.org/IJETER/static/pdf/file/ijeter1018102020.pdf
https://doi.org/10.30534/ijeter/2020/1018102020

Utilization of Waste Heat Recovery from Domestic HVAC
System for Hot Water System

Sharul Nizam Yaakop', Muhammad Hafidz Fazli Md Fauadi**, Amir Abdullah Muhamad Damanhuri®,
Ahamad Zaki Mohamed Noor*, Samad Ramlan®
L2Faculty of Manufacturing Engineering, Universiti Teknikal Malaysia Melaka, 76100 Melaka, Malaysia,
Email:*sharulnizamhvac@gmail.com, >“hafidz@utem.edu.my
*Faculty of Mechanical and Manufacturing Engineering Technology, Universiti Teknikal Malaysia Melaka,
76100 Melaka, Malaysia, Email: amir.abdullah@utem.edu.my
“System Engineering and Energy Laboratory, Universiti Kuala Lumpur Malaysian Spanish Institute, 09000,
Kedah, Malaysia, Email: ahamadzaki@unikl.edu.my
*Silterra Malaysia Sdn. Bhd, 09000 Kulim, Kedah, Malaysia, Email: samad_ramlan@silterra.com
* Corresponding author

ABSTRACT

Significant efforts have been taken globally to develop a
sustainable environment. Harnessing natural energies from
multiple sources including wind energy, hydroelectric, solar
energy, geothermal energy, and biomass are the example of
renewable energy which often frames as the key solution to
the global climate challenge. However, there are other sources
of energy wasted due to inefficient technological ability. This
includes the heat energy waste from the Heating, Ventilating
and Air Conditioning (HVAC) system. It is found that HYAC
system contributes to the highest energy consumption for
residential, commercial and industrial buildings. Typical
energy consumption in a commercial building by the HVAC
system is 39%, it is the highest percentage compared to other
equipment. It is critical to minimize the waste produced in
ensuring sustainable processes could be achieved. To
optimize energy consumption efficiency, many waste heat
recovery methods have been studied. In this article, an
extensive review of state-o-the-art technologies is carried out
for the HVAC system in the domestic hot water. For the case
of domestic hot water, the space cooling Coefficient of
Performance (COP) can be increased when integrated with
water heating mode, which can achieve the highest COP of
5.42 when the water at 20°C was heated to 55°C. The COP
was increased by 84% compared to space cooling mode only.
This paper is summarized in terms of the fundamental idea,
methodology, contributions and recommendation for future
research.

Key words : Waste Heat, Heat Recovery, Air Conditioning,
HVAC System, Renewable Energy.
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1. INTRODUCTION

Nowadays, air conditioning usage at residential and
industrial become a necessity due to climate change and to get
thermal comfort conditions in the building [1]. The
Department of Industry from Australia stated that HVAC
energy consumption in an office building is the highest which
is 39%, followed by 25% of lighting, 22% of equipment, 9%
of others, 4% of lifts and 1% of domestic hot water [2]. The
energy consumption breakdown is shown in Figure 1.
9%
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22%

Domestic Hot Water

Other

%
Figure 1: Breakdown of energy consumption for commercial
building (office) [2]

Recently, many researchers extensively conduct the study on
how to manage the highest energy consumption from the
HVAC system in including in the residential, commercial and
industrial buildings by recovering the waste energy produced
by this system [3] [4]. Waste heat energy is the source of
energy that is produced in mechanical processes which are
unused and are discarded into the environment [5]. The heat
transfer process, including conduction, convection and
radiation from machine processes are the main source of the
waste heat [6]. There are basically three grades of waste heat
energy which are high, medium and low-temperature grades
[7]. From the grades of the waste heat, it could be categorized
into four classes which are liquid streams (50-300°C), flue
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gases (150-800°C), steam (100-250°C), and vapour
(80-500°C) [8]. The minimum temperature and maximum
temperature for each category are shown in Figure 2.
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Figure 2: Temperature range for waste heat energy categories

Waste heat recovery (WHR) systems are presented for every
variety of waste heat to permit the optimal level of recovery
efficiency [9]. There are several WHR systems such as steam
Rankine cycle, Organic Rankine Cycle (ORC), Kalina cycle,
Brayton cycle, Trilateral flash cycle, supercritical CO, power
cycle and Stirling cycle [8],[10],[11]. Most of the researches
conducted to realize the waste of heat released from the
HVAC system deriving from the second law of
thermodynamics which is a vapor compression refrigerant
(VCR) system. The main focus of this article is to review the
state-of-the-art researches conducted on WHR technology
from HVAC system. Other than that, the overall findings will
be summarized in terms of the fundamental idea,
methodology, contributions and recommendation for future
research.

2.VAPOUR COMPRESSION CYCLE SYSTEM

2.1 Working Principle

All air conditioning system operates based on vapor
compression refrigerant (VCR) system with four fundamental
principle component, which is a compressor, condenser,
expansion valve and evaporator [12]. There is a huge volume
of waste heat from the condenser unit in the VCR system,
which is approximately 1.2 times based on the evaporating
capacity. Additionally, in some cases such as involving CO,,
the condensing heat generated could reach up to 80°C [13].
Hence, it is compulsory to recover the waste heat to be utilized
for relevant useful purposes. This will further enhance the
efficiency of the VCR system.

The compressor uses electric power to compress the
refrigerant and create high-pressure and high-temperature
vapor levels [14]. The compressed refrigerant removes its
hotness to the condensing unit and condensed to liquid form
[15]. This warmness refrigerant will be regulated to low
pressure and low temperature through an expansion valve
[16]. Evaporator function to absorb heat in the specified area,
which affected of increasing temperature of the refrigerant
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[17].
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Figure 3: Schematic diagram of basic VCR system [18]

Figure 3 illustrates a basic diagram of the fundamental
components in a VCR system. In the VCR system, the hotness
refrigerant from the compressor will release heat from the
condensing unit, and this waste heat is exposed to an
atmospheric air which heats up with constant humidity ratio
“w”. Generally, this hot air is discharged into the surrounding
without any recovery to useful application. In order to reduce
the discharge, a technology for waste heat recovery must be
used to capture this issue.
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Figure 4: The p-h diagram for VCR system [19]
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Based on the Figure 4, compression cycle can be seen starting
at point 1 (low-pressure; low temperature refrigerant) to point
2 (high-pressure; high temperature refrigerant), point 2 to
point 3 (from vapor to liquid), point 3 to point 4 (low
temperature), point 4 return to point 1 and the cycle repeated
in a closed-loop system. Hot air rejected at condenser side
from point 2 to point 3 can be used for energy recovery system
to increase the efficiency of the vapor compression system and
to take full advantage of the energy usage for the cooling
system at evaporator side in the conditioned area.

2.2 Evaporator

During a process of heat transfer, the rate of capacity, Q is

given by:

anl’l(hl*h,:) (1)
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where m

the specific enthalpies at the outlet of an evaporator, and h, is
the specific enthalpies at the inlet of an evaporator.

is the mass flow rate of refrigerant in kgs’l’ h is

2.3 Compressor

After refrigerant passed through the evaporator, it will go to
the compressor. The input power for the compressor, WC is
given by:

W =mh,-h,) )
where h, is the specific enthalpies at the inlet of the

compressor and h, is the specific enthalpies at the outlet of

the compressor.
During the refrigerant cycle at any phase, the refrigerant
mass flow rate m can be written by using mass flow rate

equation at the suction point in terms of specific volume and
volumetric flow rate.

L]
=V
Vi
where \}1 is the volumetric flow rate at the suction point of

3)

the compressor and V. is the specific volume at the same

point.
Ratio of the compression at the compressor is presented
by: P (4)
PE

where P is the absolute pressure of condensing and P is

the absolute pressure of evaporating.
The compressor’s volumetric efficiency is:

[ ]
m,V:
n.= V.1/60
where V. is the compression volume of compressor and 7

)

is the speed of the compressor.
Isentropic efficiency of the compressor is given by:
W
n==
W,
where W s is the isentropic work produced by the compressor.

(6)

2.4 Condenser

The high-pressure refrigerant from the compressor will be
cooled by the condenser unit. The heat transfer rate at this

stage, Q is defined by:
C

Qq=pmy (1) )
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where h, is the specific enthalpies at the inlet of the
condenser and h, is the specific enthalpies at the outlet of the

condenser.
2.5 Expansion Valve

During the expansion process at the specific device, it is
expected to have no heat transfer occur to the surrounding
area and the change in potential energy and kinetic energy are
negligible. Therefore, this condition come out with the
following expression:
h,=h, (8)
The coefficient of the performance for the vapor
compression cycle system is the ratio between the evaporator
load with the power of the compressor:
Qe

Q.

The coefficient of performance for the electric power input
is the ratio between the evaporator load with the total power
consumption of the electric power in the system:

©)

CoP=

- (10)
COPEI: ?e
W.
where W is the total of electric power inputs generate to

el
the compressor, condenser fan motor and evaporator fan
motor.

3. HEAT RECOVERY TECHNOLOGY FROM
CONDENSING UNIT

3.1 Introduction

In a VCR system, the condensing unit plays their roles as to
reject heat from a refrigerant in the condensing process. It
produces very much of waste heat which is about 1.15 to 1.25
times of the cooling effect in the evaporator side [20]. This
percentage is more significant due to heat of compression is
added into the system. The real proportion that arises be
subject to on the discharge temperature and suction
temperature. High discharge temperature and or low suction
temperature will increase the percentage, respectively.

Recently, there has been significant increase in the amount of
literature to discover the energy-efficient and industrial
technology by using heat recovery from the condensing unit.
This is widely reported and extensively explored in the
previous literature conducted to deliver domestic hot water by
using, directly and indirectly method, and heat recovery for
air dryer chamber as shown in Figure 5. The fundamental of
these technologies are similar in which to collect, recover and
convert heat with latent energy with respect to specific
application.
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Figure 5: Recent literature review for energy recovery technology
from condensing unit

3.2 Domestic Hot Water

During the summer season, most of the residential building
should stipulate two conventional independent systems which
are air cooling and water heating. Air cooling was produced
from an air conditioning system that dissipates the waste heat
into the surrounding area. The water heating was produced
from the hot water application system. Individual heaters
powered by electric or fuel gas are commonly used to generate
domestic hot water within residential buildings, particularly
during the peak hours [21].

Based on several researches, it is acknowledged that the
dissipating heat from the air-conditioning system can be
recovered to replace the conventional electric water heater.
This recovery system can encounter the demand for regular
hot water in residential, commercial and industry to gain
energy saving. Domestic hot water can be recovered either
directly or indirectly when there is thermal energy storage
available.

3.3 Direct Domestic Hot Water

Figure 6 shows that the hot water supply to users being heated
directly by the waste heat produced at condenser in the heat
recovery equipment [13].

Cooling tower
AT TN

Expansion valve

Evaporator
P Compressor

Chilled water side

Figure 6: Schematic of a vapour-compression refrigeration cycle
with direct heat recovery [13]
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Early in the sixties [23], there is an investigation showed that
the heat recovery room-air conditioner (HRAC) could provide
energy-saving possible and permitted a reimbursement period
to end-user. Start from that, many kinds of research attractive
to do investigation and experimental in the waste heat
recovery system.

Their experimental and mathematical outcomes showed that
the total heat recovering from the condensing unit could be
reclaimed is about 20% from domestic hot water and the COP
of the application is improved. [24] investigated on an
air-water heat pump working with a conventional
air-conditioner, the outcomes found that the COP of the air
conditioning system has improvement of about 10% as shown
in Figure 7.
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Figure 7: COP between the air-water heat pump and conventional
air-conditioner [22]

The result has shown that when the conventional air
conditioner running with an outdoor temperature range from
30.5°C to 31°C the COP will be 2.8 while using an air-water
heat pump, the COP will be increasing to 3.2. The most
significant observation from their study is the COP of the
air-water heat pump will start decreased remarkably after the
typical temperature level in the tank reach 35°C. This is an
area or issue that requires further exploration. In order to
preserve the higher COP of the system while getting an
average temperature of the water tank at 35°C and above, the
water tank must be installed with the thermal energy storage
material.

Several studies have explored the effects of cooling load
toward hot water temperature and air conditioning
performance [23]. The outcomes illustrated that the higher
the cooling capacity is specified in the test compartment, the
higher the evaporator will absorb the heat. As a result, the
higher the water temperature in the tank and the COP of the
air conditioning becomes increasing, as shown in Figure 8. In
summary, this novel study shows that air conditioning can be
working with water heating so that water heating and space
cooling can occur concurrently, and the system efficiency can
be improved significantly.
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Figure 8: Water temperature in a tank vs time at different cooling
load [23]

A pilot studied was conducted on a water heater (MDACWH)
integrated with conventional domestic air conditioner [24].
The experimental study was carried out with a prototype
modified from conventional air conditioning, with additional
accessories of a plate type heat exchanger. The nominal
cooling capacity of an air conditioning unit used for the
prototype is 3.3 kW and a refrigerant by using R22 gas. In
order to select the domestic hot water tank, there are several
criteria to be considered, such as cooling capacity, usage time
per day and residents living behaviors. In this experiment, the
100L cylinder type of hot water tank was selected as it is
enough for the hot water necessity of a nuclear household.
Figure 9 shows the schematic diagram for a conventional
domestic air conditioner combined with the hot water system.

Based on Figure 9, there are two condition tests in the
experiment. Condition A will remain the air conditioning
system running as a regular operation. The condenser heat
after compressor will go through a plate heat exchanger, pass
through the outdoor condenser coil, expand in capillary 1 and
absorb heat at indoor evaporator unit before return to the
compressor as one complete cycle. The water pump will
circulate water in a hot water tank to heat exchanger plate
type to rise the water temperature. Condition B has additional
bypass 1 and bypass 2 as a technical idea in the experiment.

Air conditioning system will be running in the others way,
which is condenser heat after plate heat exchanger will
straight away go through capillary 1 instead of going through
the outdoor condenser coil. Once the temperature in the water
tank achieves 42°C, the water pump will shut off to minimize
power consumption. Refrigerant gas will flow through their
regular operation as condition A. The new capillary tube 2 at
bypass 1 function as to deliver the refrigerant stuck in the
condenser coil return to oil separator continuously. This
method will ensure that the amount of refrigerant return to the
compressor is enough.
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Figure 9: Schematic of MDACWH

After rigorous examination, it was discovered that the low
heating capacity for domestic water could reach 2699W in
condition B. Other than that, the coefficient of performance
for the air conditioning increase to 4.32, which was about
1.58 higher than condition A. For complete water heating
process, the condition B consumed 0.38kWh of electricity,
which was only 16% of the electricity consumed by condition
A as shown in Figure 10.

The most recent and advanced theory proposed by [27] offers
a new approach for the energy recovery is a domestic
condensing heat recovery air conditioning (DCHRAC). The
experimental for the proposed system was set up as per the
schematic diagram shown in Figure 11. The working
principle for DCHRAC was designed for four working
principle which is the space heating, space cooling, CHR for
water-heating mode and an air-based water heating mode.

Electricity Consumption (kW-h)

Condition A

Condition B

Operating Condition

Figure 10: Electricity consumption of Conditions A and B [24]
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Figure 11: Schematic diagram of DCHRAC [25]

In water heating mode by using heat recovery from the
condenser, the refrigerant flows in two ways, which are in hot
water and space cooling concurrently required as shown in
Figure 11 as a solid arrow. The operating system of this mode
will bring the high-pressure vapor and high temperature
vapor released from the compressor into the heat recovery
exchanger to heat the water while the condenser fan will off.
After that, the refrigerant will further be cooled in the
air-cooled condenser unit and running to capillary tube and
evaporator before completing their cycle return to the
compressor. The nominal cooling capacity of an air
conditioning unit used for the prototype is 3.4 kW with R22
gas as the refrigerant. Hot water tank use in this experiment is
150L with a supreme working pressure of 0.6MPa was design
to encounter the everyday hot water usage for a typical
household. The external insulation of the water tank was
insulated by a polystyrene foamed plastic with 50mm
thickness and finishing cladding by a plate of stainless steel to
keep the thermal energy of the heated water.

From the results shown in Figure 12, it is clear that the water
heating mode by condensing heat recovery, the average
COP,,, = 2.58. The COP, = 2.84, with the total coefficient of
performance COP,,, rise to 5.42, and the waste heat recovery
rate was around 95%. The experimental outcomes showed
that the DCHRAC could be functioned compliantly in several
modes conditional on user demands.
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Figure 12: COP variants for water heating mode [25]

3.4 Indirect Domestic Hot Water

Air conditioning frequently using by end-users as a solution
for human thermal comfort and indoor air quality [26]. The
highest peak load for cooling will occur around noon and the
hot water usage mostly required in the evening. The
mismatch of the usage of air conditioning integrated with the
hot water will cause the heat recovery from air conditioning to
produce hot water will entirely depend on the cooling load.
This phenomenon has been widely observed in the domestic
hot water system with the direct method. In order to solve the
issues, thermal energy storage (TES) was proposed by the
recent researcher [27]. Latent heat thermal energy storage
(LHTES) including phase change material (PCMs) has
excellent potential to address the intermittency and instability
issues typically occur during energy recovery process [28]
[29]. By using PCMs, a huge amount of energy recovered
from air conditioning could be kept to deliver domestic hot
water [30]. Figure 13 illustrates the schematic of the air
conditioning system with condensing heat recovery of the
indirect method.

Recently, an experimental work was conducted by using
paraffin wax as PCMs for charging and discharging to relate
air conditioning with and without the combination of the
thermal energy storage vessel [32]. Other than that, [33]
designed cold storage for waste heat recovery from the
condenser unit with a combination of PCMs. They established
few innovative materials with huge latent heat and advanced
thermal conductivity. Moreover, an additional phase change
temperature is obtained. The latest researcher focused on
using thermal energy storage equipped with phase change
materials as a medium to enhance the COP of the air
conditioning system [31]-[32].

7262 - 7270
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tank, 10-Water pump, 11-Tap water valve
Figure 13: The schematic of an indirect condensing heat recovery
for air conditioning system [13]

3.5 Summary of Domestic Hot Water

In summary, the air conditioning system is the most
application used by the end-users. This application
contributes to harms the environment by released hot air
temperature from the condensing unit. The waste heat
generates in the air conditioning can be recycled for another
useful application such as to heated water for everyday hot
water usage. To recoup the waste heat from the air condition
for hot water, there are two ways either directly or indirectly
method. Air conditioning system integrated with the domestic
hot water system can enhance the system energy and
performance efficiency.

The disadvantages of this integrated system are there is the
mismatch of the demand for both systems. To solve this issue,
an indirect domestic hot water system was proposed. In the
indirect method, thermal energy storage was used to keep the
heat generated from the application. Phase change materials
were developed excellently for condensing heat storage.
However, continuous researches should focus on
investigating the complex system with PCMs as the thermal
energy storage medium in to further enhance the
performance. Table 1 shows the summary of related studies
on generating domestic hot water from waste heat recovery
process.

5. CONCLUSION

In order to encounter the challenges of speedily growing
cooling load demand by users, it is vital to enhance the
performance and the efficiency of vapor compression
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refrigeration systems (VCRS). Besides, it is critical to
minimize the power consumption produced by the speedy
surge of cooling load demand. In order to enhance the
performance and the efficiency of the VCRS, waste heat from
the condensing unit of VCRS must be recycled to use for other
applications such as domestic hot water process. As a result of
the previous study, all experiments conducted have success to
raise the COP of the VCRS.

Research gap found from the previous research is the
application type of VCRS used as waste heat recovery sources
mainly focus on conventional air conditioning system. In
HVAC technology, the household also considers as the
HVAC system because it uses the same VCRS cycle.
Moreover, for applying the hot water recycle technology by
waste heat for residential, it is more effective by using a
household refrigerator because of the use of refrigerator
already a necessity for every house. Cooling and freezing
process for beverage can be used with hot water system that
can take place concurrently, and the system performance and
efficiency of the refrigerator can be increased significantly.

Table 1: Summary of related researches

Authors Contributions Remarks
Observation of a
conventional The COP of the air-water
air-conditioner used as an heat pump will start to
Wang et |air-water heat pump. The decreeise gfter the average
al. [22] |outcomes showed that the temperature in the wate?
COP of the air conditioning P o
. tank become 35°C.
system has been improved
by 10%.
The temperature of the hot
Investigation on the effects | water fluctuates and
of cooling load toward hot | depends on the cooling
Aziz & water temperature and air | load. No condensing heat
Satria [23] conditioning performance. | can be heated the water
The system performance when the compressor cut
increases when the cooling | off after cooling load
load was increasing. demand achieves in a
conditioned area.
. An in-depth technical study
Experimental results prove needs to be considered in
that the air conditioning
system can be integrated the future work for Fhe heat
with water heating for exchanger type, which may
domestic usage. The COP a.ffec.t the compressor
Dong et - P lifetime. The proposed
of the air conditioning can .
al. [24] increase up to 4.32, and the prototype more suitable for
electricity consumption can :Ezteer;grocfognf;i))r(izsor
save up to 84% compared to .
a conventional air compressor dL_Je to coollr_1g
conditioning svstem load and heating load will
g system. fluctuate significantly.
The space cooling COP can| The flash gas or vapour
Qiu et al. |be increased when content will continue to
[25] |integrated with water increase with the
heating mode, which can progression of time that
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Authors Contributions Remarks

achieve the highest COP of
5.42 when the water at
20°C was heated to 55°C.
The COP was increased by
84% compared to space
cooling mode only.

proves when water
temperature increases, it
leads to a decrease in the
degree of supercooling.
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