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Abstract 

Reducing energy consumption has its direct impact on the worldwide environmental status. Smart energy processes must be 
adopted in order to enhance the reduction capacity of energy usage. In this view, both renewable energy as well as heat recovery 
strategy has been used in a wide range of engineering applications. With this in mind, hot wastewater is considered as a valuable 
source of energy that could be recovered. The present paper illustrates an overall review on the waste water heat recovery systems 
(WWHR). All systems can be classified based on their structural configuration and application. It has been shown that under some 
conditions a 50% energy could be stored or recovered using a heat recovery system. In addition, all systems are considered as an 
economic as well as environmental effective methods. 

Keywords: Heat Recovery; Wastewater; Heat Exchanger.  

1. Introduction 

Currently, worldwide attention is centralized on climate and environmental changes. Urban residential areas and 
buildings occupy large proportions of energy  which are considered as the main sources of greenhouse and CO2 
emissions [1][2]. Based on some studies, building sector contributes up to 30% of energy used worldwide; this energy 
is mainly used for either heating/cooling applications or for the production of hot water, which is quite prominent 
inside buildings [3][4]. Particularly as shown in Fig. 1, China accounts for 9.78% of the total world energy 
consumption, where 30% of this energy is consumed by buildings [5]. Another study shows that 40% of the total 
energy consumption is shared by building sectors in the European Union, which is also responsible for 36% of the 
total EU CO2 emissions [6].  
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In order to overcome this high energy demands and costs, several alternatives have been promoted, such as 
renewable energy sources (solar energy [9][10], wind energy [11][12] and geothermal energy [13][14]), energy 
management and control systems [15] and   energy recovery systems [16,17]. Energy recovery systems are considered 
one of the most important solutions, where they  permits reducing energy consumption by transferring lost energy 
from one system to another, considering heat loss as a key-element in this process [18][19]. In buildings, water heating 
represents the largest contribution of energy consumption, and from an energy recovery point of view, hot waste water 
that is disposed into the sewage system from sinks, dishwashers, showers …etc., is considered as a valuable source of 
heat loss. It is noticed that the interest in wastewater heat recovery units has  been increased recently using different 
processes. In this view and to the authors’ best knowledge, there are few studies that aim to provide intensive reviews 
about heat recovery from various  sources such as  engines [20][21], industrial systems [22][23] and from building 
sectors mainly from chimneys [24][25] and HVAC systems [26-28]. However, none of the previous studies provide a 
comprehensive review that would present the classifications of the waste water heat recovery systems used and their 
applications in buildings.  

The present paper is dedicated to focus  on the existing recent studies. This review will consider the recent available 
technologies that deal with wastewater heat recovery systems mainly coming from hot drain water. After reviewing 
the literature, the work can be done by classifying the available technologies based on their configurations and 
installations taking into consideration the effect of several parameters on their effectiveness and performance. The 
paper is organized as follows: Section 2 will present the potential and principle behind waste water heat recovery 
systems. The existing structural types of waste water heat recovery systems will be clarified in section 3. Section 4 
will be devoted to showing different studies using various configurations for wastewater heat recovery systems. 
Finally, Sections 5 and 6 will be dedicated to the discussion and conclusions respectively. 
 
Nomenclature 

WWHR Wastewater heat recovery system  
DWHR  Drain water heat recovery system  
EU European Union 
CO2 Carbon dioxide emission 
℃ Degree Celsius 
UK United Kingdom 
USA United states of America 
MJ/Home/day Joules per home every day  
PCM Phase change material 
SWH Solar water heater 
COP Coefficient of performance  

Fig. 1. Percentage of energy consumed by buildings in several countries [5-8]. 
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SDW shower drain water 
 

2. Wastewater heat recovery 

2.1. Potential of energy in wastewater 

Heat recovery from wastewater is a highly activated technology in countries like the UK, Norway, USA and 
Netherlands where a large amount of hot wastewater is produced every year and especially from residential buildings. 
For example, in a Dutch house, the average temperature of drain water is about 27 ºC, giving a heat potential of 21.3 
MJ/home/day [29-31]. Generally, the hot water generated from buildings has  a high thermal capacity and its average 
temperature can range between 40-50 ºC. In Netherlands and Switzerland, the heat loss from buildings that can be 
found in the sewer systems and originated from waste hot water,  contributes about 40% and 30% of the total energy 
loss 
from buildings respectively, keeping the rest for other applications and building envelopes. With this in mind, studies 
have shown that implementing an energy recovery system in the sewar network or inside buildings through a heat 
exchanger can help exploit the heat loss from domestic hot water better than studying treatment optimization [32].  

2.2. Concept of wastewater heat recovery system 

As this paper takes into consideration the heat recovery from drain water mainly at the building level, Fig. 2 presents 
a schematic of different drain water sources. Heating a supply water before entering  the water heater by the heat 
carried from the drain water is the main idea behind this concept, in other terms raising the water supply temperature 
after passing through the drainage system as a preheating step [33][34]. Fig. 3 shows the working principle of a heat 

Fig. 2. Schematic of wastewater sources inside a house. 

Fig. 3. Working principle of waste water heat recovery systems. 
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exchanger which represents the main component in a WWHR system. Various types of heat exchangers may be 
installed within systems in order to perfectly adopt the best heat transfer state. The temperature difference between 
the supply water and drain water will result in a heat transfer rate that will be affected by the heat transfer area and 
the thickness of water. Their installations in any residential building depend on several parameters, such as the building 
architecture and the availability in space where different types of WWHR units can be used. Copper pipes are 
commonly used in the WWHR system’s application due to their high conductivity ensuring the best heat transfer, in 
addition to their ability to reduce fouling inside the pipes, hence reducing the need for periodic cleaning. [35-38]. 

3. Classifications of WWHR systems 

Based on the literature, the heat exchanger type and structure used can be categorized according to three groups based 
on their structure: vertical systems (including storage tanks), horizontal systems and oriented systems. In general, the 
setup  
of the WWHR system reviewed doesn’t have any mechanical part, having a lifetime of over 30 years. Usually, studies 
conducted on this process take into account the structure, capacity, performance and the financial sides of waste water 
heat recovery treatment. Most of the publications were implemented experimentally, while some rely on numerical 
simulations where the analysis of these systems is concentrated on the energetical and economic sides of waste water 
heat recovery systems and some on their environmental benefits. In the previous decades, the work on wastewater 
heat recovery systems focused on giving a preliminary study on this domain. However recently, studies can be 
categorized according to the type of configurations used, as shown in Fig. 4. [39][40]. 

4. WWHR systems’ applications 

4.1. Non-coupled systems 

Non-coupled systems use different structures of a heat exchanger to heat  upcoming cold water without an 
additional system where they are usually connected directly with the sewage pipe lines. 

4.1.1. Vertical systems 

This type is commonly used and is characterized by a gravity film heat exchanger as shown in Fig. 5.  The system 
consists of a main inner pipe with a spiral coil wrapped around it, that has a higher heat transfer area compared to a 
straight pipe. The heat transfer in this type of heat exchanger is affected by the geometry of the design, including the 

Fig. 4. Flow diagram of the classification of the WWHR system reviewed. 
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number of coil loops. The hot water flows (inside buildings temperature can be above 60 ℃) at the top of the main 
pipe and adheres to the inlet walls. Cold water is supplied to the spiral coil where extracting heat from hot water starts 
until leaving the system at the top of the unit with warm water [41-43]. Some recent studies on single systems using 
vertical heat exchangers are presented in Table 1 giving the most important results from those studies. 

Another installation scenario that can be used based on vertical systems relies on using a storage tank where the 
use of the WWHR system is to heat or preheat the water before being stored before being heated up to match the 
building requirements using means like heat pumps (see Fig. 6.) [44][45]. These studies have shown their economic 
and environmental benefits in some cases, in addition to their promising performance. The challenge behind WWHR 
systems is sometimes the low temperature and the fact that part of the drain water heat is wasted inside or outside the 
system’s envelope. With this in mind, the boiler/electric heater has to be installed just after the recovery system for 
better performance. 
Table 1. Recent studies on single systems with a vertical heat exchanger 

Ref. Methodology Approach Main findings 

[41] Experimental Effect of inlet temperature on 
system’s effectiveness. 

Regardless of the geometry, any increase in main and 
drain sides’ temperatures will increase the 
effectiveness. 

[42] Experimental, 
Numerical 

Analysis based on preheating water 
step. 

Preheating water is considered to be beneficial 
financially. 
Its effectiveness increases with shower length and 
water consumption. 

[43] Experimental Parametric analysis based on 
experimental setup. 

Effectiveness increases with boiler output 
temperature. 

[44] Experimental 
Hot water is discharged into a 
cylindrical tank with a spiral tube 
that carrying the cold water. 

High temperature is available due to limited mixing 
between cold and hot flows, leading to better heat 
recovery. 

[45] Experimental, 
Numerical 

The tank is charged with hot water 
coming from hot water tank. 

The maximum heat transfer occurred at the lower 
flow rates. The capacity to recover about 34% to 60% 
from the available energy in the drain water. 

[46] Experimental, 
Numerical 

A drain water heat recovery storage 
unit based on PCM plates. 

A maximum of 800 kJ of heat can be removed from 
the drain source where 50% of the thermal energy can 
be provided for the next stage of a washing machine.  

[47] Experimental Comparison between solar water 
heat and drain heat recovery system. 

The drain water heat recovery system is much costlier 
effective than SWH in saving energy. 

[48] Experimental Performance study based on flow 
rates and wetting sides. 

The effectiveness of the heat exchanger drops with 
the increase of flow rates. 

Fig. 5. Schematic of a vertical WWHR system assisted in a shower drain. 
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[49] Experimental, 
Numerical 

Parametric analysis of a multi-drain 
heat recovery system for 
heating/preheating cold water. 

 A case study in Lebanon for a drain temperature 
of 25℃ showed,the energy used is reduced from from 
102.2 kWh to 410.9 kWh monthly. The increase in 
money saving is from 13.3 $ to 53.4 $. The monthly 
emissions reduction is increased from 72.5 kg to 
291.7 kg. 
 

[50]  Experimental 
Performance of falling film DWHR 
system based on heat exchanger 
effectiveness and side wetting. 

In partial wetting conditions, a reduction of about 
28% in  effectiveness would occur. 

[51] Experimental 
The impact of having unequal flow 
rates on main and drain sides inside 
falling film heat exchanger. 

Flow rates can highly affect the performance of the 
DWHR system and any change in inlet flow rates can 
also  affect the performance regardless of other design 
parameters. 

Table 2. Studies on single systems using horizontal heat exchanger. 

Ref. Methodology Approach Main findings 

[52] Experimental Study based on shower time, water flow 
and inlet temperature on energy savings. 

Saved energy reached is up to 15% which is 
an increase from 104 MWh to 406 MWh, with 
a drainage pipe of 50mm diameter and 1.5m 
counter flow heat exchanger long  
 

[53] Experimental, 
Numerical 

A study on a copper pipe inserted inside 
a drainage plastic pipe. 

The full implementation of the DWHR in 
every household in Ireland could amount to a 

Fig. 7. Schematic of a simple single-pass horizontal installation of WWHR unit. 

Fig. 6. Storage tank heat exchanger. 
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national saving of 808 GWh for one shower 
per home. Which accounts for a reduction of 
over 400,000 tons of CO2.  
The effectiveness reaching 45% increased 
with increasing the loops of the system, 
thinner cold-water pipe, and low flow rates of 
drain water. 

[54] Experimental 
Study of effectiveness for two horizontal 
DWHR systems: brand new baffled heat 
exchanger and a normal heat exchanger 

Based on lab conditions, the baffled heat 
exchanger is of higher effectiveness value 
than the normal one. 

 
4.1.2. Horizontal systems 

Residential buildings in some cases may not have enough space to install a vertical unit below shower trays. 
Horizontal WWHR systems may be sufficient where it can be installed also in different public sectors. These systems 
use a simple single pass counter flow heat exchanger connected directly to a water heater, as shown in Fig. 7. It is 
clear that in the vertical unit the water will flow around the whole boundary of the pipe, ensuring a high conductive 
efficiency.  In the horizontal system, the water flows at the bottom of the pipe, reducing the heat transfer rates. This 
system is rarely used since in some cases its efficiency is considered limited compared to a vertical system. Some 
studies on horizontal systems are shown in Table 2. [55][56]. When comparing between the aforementioned setups, it 
can be shown that the effectiveness of the heat exchanger used can reach up to 50% and 60% for horizontal and 
vertical installations in some cases respectively. This difference is due to the fact that vertically installed heat 
exchangers can ensure heat transfer across the whole boundary of the pipe system, while the horizontal setup uses 
only a specific part of the pipe for heat transfer. In addition, the overall efficiency of the system is mainly affected by 
factors like: showering time, cold water temperature, flowrates, fouling effect, flow regime inside pipes and the 
temperature between the shower head and the drain point, where these factors differ between studies.  

4.1.3. Inclined systems 
 
 In designing  some buildings, a tilt angle between the drain system heat exchanger and the vertical line should be 

considered. The function of this inclined type of heat exchanger is similar to the vertical system. However, while 
measuring the change of effectiveness compared to a vertical system, it is shown that it  started with a reduction of 
4% with a tilt angle 2° caused by a non-uniform flow [57]. 

4.2. Coupled systems with heat pumps 

Hybridization between WWHR systems and other energy applications is a promising approach. Very few studies 
combined the WWHR system with solar domestic water heaters for better efficiencies [58][59]. However, the main 
focus is coupling the WWHR system with a heat pump [60][61]. It is well known that a heat pump is a device that 
performs a fully reversible cycle which transfers energy from one medium to another under the basis of a circulating 
fluid called refrigerant [62-64]. It has three thermal energy sources: air, ground and water [65-68]. The use of 
wastewater source heat pumps has been increased due to their energy-savings properties and performance [69-72]. 
Installation of urban sewage source heat pumps has been considerably increased [73-75]. Table 3 provides some recent 
studies on the available applications using heat pumps. 

Few are the papers that clearly studied the hybridization between heat pumps and WWHR system. Coupling 
between the heat pump and the heat recovery system works as an enhancement of the heat pump’s performance, a 
heat source for the evaporator or as a booster for the heat recovery system. Such objectives can lead to better satisfying 
the heating and hot water demands inside residential buildings. In other words, the heat recovered here can be assessed  

 
 Fig. 8. Coupling between heat pump system and drain water heat recovery system 
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easily relying on an enhanced heat recovery ratio which is convenient for a better supply demand formula. Fig. 8 
shows an example of a coupling between wastewater heat recovery system and w heat pump system. This drain system 
can be attached also to the evaporator. 
 

5. Discussion 

The diversity in construction and utilization of heat recovery systems from wastewater showed the capability of 
these units to reduce energy consumption as well as reduce environmental pollution. Large amounts of wastewater 
with a high temperature and flow rate goes through sewage every year, which is a motivating element for governments 
to install this technology and especially from shower where it consumes the highest amount of energy. Different 
concluding remarks were noticed throughout this review: 

1- China has dominated a large number of researches in this domain and then Canada comes in  second place 
where several studies were published in it.  

2- The setup designs in different publications can be classified into different configurations that lie in two 
criteria’s: single and hybrid systems. Hybrid systems may use heat pumps coupled with a heat recovery system or a 
solar heater. Other types of hybrid applications could be used, like a typical coupling between exhaust gas heat 
recovery with wastewater.  

3- Almost all the studies implemented an experimental setup, where few studies assess their research with a 
numerical simulation, where a low discrepancy between numerical simulations and experimental analysis was noted 
among all. However, the numerical approach should be broadened since it allows  deeper  understanding of the heat 
transfer phenomena that will occur in such systems.  

4- Various types of heat exchangers were used throughout studies where the heat transfer performance through 
it is dominated by the temperature difference between hot and cold flows. In most cases, a helical type of heat 
exchanger is used. However, a more advanced form of heat exchanger could be utilized to enhance the heat transfer 
is a heat exchanger coupled to phase change material which may offer a higher efficiency. 

Table 3. Studies on coupled systems with heat pump 

Ref. Methodology Heat 
exchanger Approach Main findings 

[76] Experimental, 
Numerical 

Counter 
flow heat 
exchanger 

A heat pump water heater 
assisted by shower wastewater 
with thermodynamic models. 

An optimal COP of 4.97 with condenser 
and evaporator optimized temperatures. 

[77] Experimental Gravity film 

The performance of a vertical 
DWHR system with a heat 
pump under different drain 
water flows. 

Sizing the recovery system is important to 
match the drain water profiles. 
For 5 apartments, the available energy 
recovered from drain is 23.3 kWh. 
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[78] Experimental, 
Numerical Gravity film Performance of vertical 

DWHR with heat pump 

The heat recovery is affected by the 
contact heat resistance between the inner 
and outer pipe of the heat exchanger 
reaching 25%. Flow rate and inlet 
temperature affect the effectiveness and 
the heat recovery ratio respectively. 
Under the given condition, the heat 
recovery ratio ranges between 32 and 
50%.  

[79] Experimental NA 

A novel heat pump water 
heater for shower assisted with 
shower drain water. A waste 
heat extraction device with 
water pre-heater was installed. 

Water pre-heated loops showed a better 
performance where more waste heat in 
the SDW could be recovered with a COP 
increased from 2.19 to 3.21. 
The energy consumption of the system 
increased by increasing the water flow 
rates and shower temperature. 
The design can save 70%  energy 
compared to an electrical water heater. 
Where, the total energy saving was is 659 
kW h/year, and with a saving of ¥336 per 
year.  

[80] Numerical, 
Experimental Gravity film 

The performance of drain heat 
recovery system for enhancing 
the performance of a heat 
pump under several scenarios 

The COP can be increased by increasing 
the air supply temperature and the flow 
rate of the drain. The scenario using a 
condenser and evaporator with the heat 
recovery system isthe most likely to 
improve the heat pump’s performance. 
The saved money is up to 47$/month. The 
amount of reduced energy is 365 kWh. 
And the amount of CO2 reduction is 
increased from 82 to 259kg as the drain 
water inlet temperature increases from 
20℃ to 50℃. 

5- In most cases, the wastewater source is a shower, which is due to the fact that this source is available in all 
residential zones. Nevertheless, other typical residential applications that provide hot waste water could be used as a 
heat source where they are yet investigated.  

6- The performance of different trends on experimental setups and numerical studies lies in  the fact that the 
flow rates and temperature difference between cold and hot flows has a significant effect on the heat recovery 
efficiency. While, losses like conduction and convection through the walls of WWHR system have a slight effect on 
its potential.  

7- Barriers 
a- Technical Barriers 

• Fouling  
Almost all types of wastewater may contain bio-substances which will lead to de-fouling within the 

surface of a heat exchanger in a biological growth form. These precipitations will affect in reducing heat 
transfer efficiency. Nonetheless, in order to minimize bio-fouling growth, different cleaning systems 
should be installed inside WWHR system tubes.  
• Contamination 
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The majority of works were compiled that wastewater in some cases may be contaminated, so 
untreated sewage water may cause a serious problem like fouling in the unit, which will reduce the 
potential of recovering heat for long term usage. 
• Pressure Drop 

Increasing the cold flow temperature will decrease  system efficiency where  special attention should 
be given to the pressure drop inside the cold pipe in a way increasing the effectiveness of the unit.  

b- Social Barriers 
Management systems and high-tech buildings can be built by a limited number of countries which have 

sufficient economic and social capacities, thus helping to develop and support this technology worldwide. 
Meanwhile, different social or scientific organizations should be taking this technology into consideration in 
their awareness campaigns in coordination with the governments and ministries in order to ensure  financial 
support and a full knowledge of these systems and help to facilitate and improve the lives of citizens. 
c- Economic Barriers 

The WWHR system’s expenses and maintenance costs are considered high especially when dealing with 
complicated systems that are coupled with heat pumps or solar systems. This economic problem is 
contracting the use of this technology since it would not be available for all society levels. 

6. Conclusions and future perspectives 

Waste water heat recovery can be considered as an indirect renewable energy source. It is not only a bounteous 
source of heat, but  it is also available in each house.  What’s more, due to its thermal characteristics, it can be easily 
extracted and reutilized in other applications. The present paper conducted an inclusive review on the available 
(WWHRS)s, highlighting their potential in the field of energy efficiency and energy saving. The studies are presented 
according to their timeline of publication and categorized based on their type of installation.  

From a practical point of view, the heat exchanger is the core of (WWHRS)s, where it can greatly influence its 
performance. A counter flow heat exchanger is usually used since it allows better heat transfer. (WWHRS)s can be 
classified within three main configurations: vertical including storage tank based systems, horizontal and oriented. 
Moreover, the recovery systems are categorized within two categories: Single systems and Hybrid systems. Single 
systems mainly rely on the heat transfer process.  While the hybrid type uses a heat pump or a solar system coupled 
with a WWHRS.   

Nevertheless, the main parameters that affect the heat performance of (WWHRS)s are: viscosity of water, hot and 
cold temperatures, ambient temperature and flow rates. It has been remarked that the effectiveness of (WWHRS)s is 
higher when coupled to a heat pump where the COP may exceed 6 in some configurations. It was also noticed that 
increasing the hot flow rate and temperature would increase both effectiveness and efficiency of the system. 
Economically, the average payback period for  single systems is seven years whereas for hybrid systems it is five 
years. Furthermore, several obstacles should be taken into consideration in order to preserve the performance of 
(WWHRS)s, such as fouling, contamination and pressure drop. 
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