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Abstract 

Numerous of energy saving measures have been carried out in the Swedish 

housing stock since the energy crisis in the 70’s. Additionally, there have been many 

low-energy housing projects. However, so far few of these have been followed up after 

some years in operation concerning the energy use. That the energy use stays on a low 

level is important from a sustainable perspective. 

The objectives of this study are find a system capable of reduce energy demand 

and minimize the environmental impact, make the minimum investment with the 

maximum results and maintain the actual infrastructure of the building. 

This report looks into the potential for saving energy and money with grey 

wastewater. This potential depends on both the quantity available and whether the 

quality fits the requirement of the heating load. To recover heat from waste water in 

residential buildings is hard to achieve in quality because of its low temperature range. 

Nevertheless, efforts to recycle this waste energy could result in significant energy 

savings. 

To implement this system the method used is to gather all the information about 

this system, compare all the options available and calculate how much energy can be 

saved and how much time is the payback. 

The building studied is on Maskinisten Brynäs in Gävle with 23 apartments on 

five different floors and a total living area of 400 m2 in each floor. 

In the case building used in this report the 60% of the total water used is hot 

water. Installing a heat recovery system can be saved up to 23% of the energy used for 

heating water. This energy can be used for the preheating of the hot water. 

 

In this report is given two different solutions to save energy with this systems, 

the first one is to use a heat exchanger only in the drain of the showers saving up to 

7.045 MWh or using a centralized heat exchanger saving up to 23.16 MWh. 

 

After analysing the results the best option is to use the centralized heat 

exchanger system, it can be saved more energy and the total investment is lower than 

using a heat exchanger in each shower. 

 

  

  



 

 

Structure 

 

First of all a little introduction has been made giving a background, the aims and 

the limitations. 

In the following chapter has been described the method used. 

In chapter 3 and 4 describes the studied case of the report, and the data collected 

for energy use and water use in Sweden households. There is also information about 

legionella disease because is important to know this disease in the use of hot water. 

In chapter 5 the theory for heat exchangers and existing solutions for heat 

recovery from showers and dishwashers are presented and introduces a centralized 

system in buildings, also the information to calculate the payback time. 

In chapter 6 and 7 is explained the different heat exchangers used and their 

location as well as their performance and characteristics. 

In chapter 8 and 9 are shown the results and made the discussion of the results 

obtained with some conclusions. 
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Nomenclature 

 

 
m Mass [kg] 

�̇� Mass flow [kg/s] 

𝑐𝑝 Specific heat capacity [kJ/kg*ºC] 

E Energy [J] 

P Power [W] 

Q Heat transfer [J] 

�̇� Heat transfer rate [W] 

T Temperature [ºC] 

∆𝑇 Temperature difference [ºC] 

Δ𝑇𝑙𝑚 Logarithmic mean temperature difference  [ºC] 

V Volume [𝑚3] 
�̇� Volume flow [𝑚3] 
𝜌 Density [kg/𝑚3] 
As Heat transfer surface [𝑚2] 
NTU Number of heat transfer units  - 

𝜀 Effectiveness - 

C Heat capacity rate  [W/ºC] 

C𝑚𝑎𝑥 Maximum heat capacity rate  [W/ºC] 

C𝑚𝑖𝑛 Minimum heat capacity rate  [W/ºC] 

 

 

 

Subscripts 

 

 
c Cold 

h Hot 

i In 

o Out 
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1 Introduction  

1.1. Background 
 
Around the world, the aim is to minimize the negative impact of energy on the 

environment, especially in those industries that contribute most to its degradation. Data 

from the International Energy Agency [1] show that in 2010 carbon dioxide emissions from 

the combustion of fuels in the world amounted to 30,326 Mt. It was an increase of almost 

94% in comparison to 37 years earlier, which is to 1973, when the emissions were equal to 

15,637 Mt  

 

The increase in the amount of greenhouse gases entering the atmosphere is a 

consequence of the increased energy demand resulting from population growth in the 

world, as well as the ongoing development of civilization. Environmental pollution caused 

by excessive CO2emissions resulting from the combustion of fossil fuels, raises the need to 

seek solutions that will contribute to energy saving, and thereby also protect the atmosphere 

 

Since 1990, Sweden has decreased its emissions annually by 0.5% on average. CO2 

emissions from fuel combustion were 9.8% lower in 2010 than in 1990. Sweden lowered its 

carbon intensity by 40.5% in 2010 from the level in 1990. Compared to other IEA member 

countries, Sweden’s economy has a very low carbon intensity. In 2010, it recorded 0.15 kg 

of CO2 emissions per unit of GDP at PPP and ranked as the second-lowest among IEA 

members. Its goal is to reduce greenhouse gas emissions by 20 percent by 2020, at least 20 

percent of the energy which must be renewable [1]. 

As buildings today are built to be more and more energy efficient and are using less 

and less energy, new construction can be planned into design would offer many more 

opportunities for use of the technology, and would offer cost advantages as compared to 

retrofits. 

A building needs a lot of energy to maintain a satisfactory indoor environment, some 

of this energy is used to heat domestic hot water, about 20-25% [1]. Much of the heat goes 

through the drain without recovery, this means that year after year we flush down several 

kWh of heat straight to the sewer system. By installing a heat exchanger that recovers heat 

from the waste water, it is possible to save energy. 

Grey-water is a term used to define water from showers, bath tubs, sinks, dishwashers 

and washing machines. The focus on recovering energy from grey-water has been a priority 

when it comes to energy savings in buildings.  

There are many other studies that treat the same topics [2-3] where have been showed 

the potential of this systems to save energy. 

In this report it will be looked further in to how a centralized heat recovery system 

and in a shower heat recovery system would reduce the amount of energy used for heating 

of water in buildings. 
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There are some solutions for heat recovery from drain water for showers, and a 

solution for heat recovery from dishwashers. These kinds of heat recovery systems 

demands single installations on the different water equipment, i.e. each water equipment 

needs its own heat recovery unit. 

There are mainly two types of waste water heat exchanger on the market. Horizontal 

and vertical. With regard to what's on the market today suitable horizontal changers best in 

apartment buildings and in large installations due to the size and capacity. 

It mainly focuses on a residential building but will also discuss the use of such a 

system in larger buildings with larger energy savings potential. The report will try to find a 

solution to the question if a centralized grey-water heat recovery unit would give a positive 

economic benefit as well as a reduction in the used energy, and if this would be better than 

the solutions which exist today with single installations on water equipment. 

 

1.2 Purpose and objectives 

The main purpose of the project is to evaluate the potential for heat recovery from 

waste water in homes. 

The objectives of this study are find a system capable of reduce energy demand and 

minimize the environmental impact, make the minimum investment with the maximum 

results and maintain the actual infrastructure of the building. 

 

1.3 Limitations  

Unfortunately the data collected is limited. There are no temperature measurements 

for the grey-water and the data for the water use is an estimation for the whole year, also it 

has not been divided by seasons   

The data selected for the calculations has been compared to surveys and studies 

from Sweden [7-18] to validate it. 

The unsuitable were lack of an accessible vertical drain line of at least four feet in 

length, lack of significant hot water loads carried by an accessible drain, and excessive 

distance from drains carrying hot water loads to the water heating system. With a new 

construction could be planned into design for this systems. 
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2. Method 

The work has been divided into preliminary investigation and implementation. The 

preliminary investigation has been to gather all the facts in the field through reports, 

information from manufacturers, articles, etc. Subsequently, a selection for the data of the 

water use has been made, then a study of the building has been made to see the different 

options for the location of the heat exchangers, moreover, develop different alternatives to 

use the less money as possible. Finally the calculations has been produced and made a 

discussion of which option would be the best. 

 

3. The studied case 

This report studies a building on Maskinisten Brynäs in Gävle with 23 apartments 

on five different floors. There are also a total number of 48 people on the building. 

Each floor has a total area approximately of 400 m2. In each apartment there is one 

or two bathroom with one shower or bath installed (See table 1). Also one dishwasher and 

one washing machine are installed in each apartment. The first floor is quite different to the 

others because it has offices. There is a variation in the number of washing machines 

because it has a communal laundry with two washing machines.  

In annexes the drawings of the building are available but in the table 1 can be seen a 

resume of the structuring.  

Table 1. Resume of the structuring 

 Number of 

Apartments 

Number of 

People 

Number of 

shower/bath 

Number of 

dishwashers 

    

Number 

Of sinks 

 

Number of 

Washing  

machines 

FLOOR 1 8 8 7 8 15 2 

FLOOR 2 5 13 6 5 11 5 

FLOOR 3 5 13 6 5 11 5 

FLOOR 4 5 14 6 5 11 5 

FLOOR 5 * * 1 0 1 0 

TOTAL 23 48 26 23 49 17 

 

* The floor 5th is used as storehouse, but one of the apartments of floor 4th is a duplex 

apartment. For that reason there is a shower installed but is not considered people living 

there or any apartment because is considered in the floor 4th.  
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4. Water use in Sweden 

In order to improve the energy efficiency of building services systems, more 

knowledge is needed on how water is used in our homes.  

There are not so many measurements on data for hot tap water use in Swedish 

households. The measurements used in the report are from “Mätning av kall- och 

varmvatten i tio hushåll” [7]. The measurements done on an apartment building in ten 

households.  

In the report [7] the households were of the following categories; single, young 

couple, middle-aged couple and families with children. The number of households is too 

low to represent the water use at national level, but can still contribute with important 

knowledge of how we use water in our homes.  

The results from the study [7] show the following division of tap water use:  

 wash basin:   16% (10 % hot water and 6 % cold water) 

 Dishwashers 1% (1% cold water) 

 Laundry 18% (18% cold water) 

 kitchen sink   33% (23 % hot water and 10 % cold water) 

 shower/bathtub   32% (27 % hot water and 5 % cold water) 

About 60% of the total water quantity is hot water 

The hot water use per person is very different and ranges from 5.5 to 25.1 m3 per 

person and year.  

For this report the value for calculate the hot water will be 12 m3 per apartment plus 

additional 18 m3 per person (See table 2 and 3).  The previous estimated value to obtain the 

hot water use is taken from a study of the energy use in Swedish households. “Brukarindata 

för energiberakningar I bostäder” [18] 

According to the studied case a reasonable estimate for hot water usage is made. 

Table 2.  𝑚3 of hot water use per apartment. 

Total apartments 

on building 
𝑚3 per apartment TOTAL 

23 12 𝑚3 23 x 12 = 276 𝑚3 

 

Table 3. 𝑚3 of hot water use per people. 

Total people 

on building 
𝑚3 per person TOTAL 

48 18 𝑚3 48 x 18 = 864 𝑚3 
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According to the above tables total hot water usage per year will be 1140 m3/year. 

In accordance to the previous water statistics the hot water use is the 60% of water 

use in household, with this estimation is possible to know the total of water use in the case 

building. The total water usage per year will be 1900 m3/year 

According to the scientific report [4] Legionella pneumophila is an opportunistic 

pathogen that can proliferate in hot water distribution systems of large buildings, such as 

health care facilities, where it can cause waterborne nosocomial pneumonias.  

Legionella optimal growth temperature lies between 25 and 42 ºC. In the studied 

case tap hot water for housing must maintain a temperature of 55 °C to prevent any bacteria 

growth. 

In Sweden varies the water source temperatures between 4-15 ° C. With lower pin 

cold water increases the cost of heating. It is important that the cold water temperature does 

not exceed 20 ° C due to bacterial growth. 
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5. Theory 

There is not a lot of theory based directly on a centralized grey-water heat recovery 

system. So in this chapter it is looked further in to theory for heat exchangers from J.P. 

Holman [19] and Yunus Çengel [20], heat recovery installations for showers which can be 

found on the market today, short about heat recovery for dishwashers and a little bit about 

washing machines. 

 

5.1 Heat Exchanger  

A heat exchanger is used to transfer thermal energy from one medium to another. 

The medium may be for example water or air, but other fluids and occasionally also solid 

particles. 

Because of the type of heat exchanger needed for this project it will be focused on 

the shell and tube heat exchanger types. 

 

Counter flow 

The hot medium flows in the opposite direction to the cold (See figure 1). This type 

is effective because it can transmit almost all the heat energy from one side to the other. It 

is advantageously used in the house to return the heat in the ventilation system. Even 

ordinary radiators works as counterflow when the air via convection currents up along the 

element.  

Also known as plate heat exchangers or cross flow heat exchanger in the ventilation 

where the media pass each other in a plate stack of folded aluminum sheets. Cross-flow 

heat exchanger efficiency is around 50-60%. The counterflow heat exchanger can at best 

get up to 90%. The design makes cleaning difficult.  

 

 

 

Figure 1. Counter flow heat exchanger 
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Parallel flow 

The hot medium is flowing in the same direction as the cold (See figure 2). In 

general, parallel flow heat exchangers considered less efficient than counter flow heat 

exchangers in terms of transferring heat from one fluid to another. However, there are 

applications where parallel flow has its benefits, such as when limiting the transfer of heat 

is recommended [5-6]. 

 

 

Figure 2. Parallel flow heat exchanger 

 

 

Cross flow 

In this heat exchanger the hot medium is flowing perpendicular to the cold (See 

figure 3). Heat transfer is usually better when a flow moves across tubes than along their 

length. Hence, cross-flow is often the preferred flow direction. 

 

 

 

Figure 3. Cross flow heat exchanger 

To calculate power, energy and amount of heat transferred from heat exchanger 

following equations are used:  

Equation 1: Power [19] 

𝑃 = �̇� · 𝐶𝑝 · ∆𝑇 
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Equation 2: Mass flow [19] 

�̇� = �̇� · 𝜌 

Equation 3: Total mass [19] 

𝑚 = 𝑉 · 𝜌 

Equation 4: Energy [19] 

𝐸 = 𝑚 · 𝐶𝑝 · ∆𝑇 

Equation 5: Heat transfer with heat transfer coefficient [19] 

�̇� = 𝑈 · 𝐴𝑠 · ∆𝑇𝑙𝑚 

Equation 6: Logarithmic mean temperature difference [19] 

∆𝑇𝑙𝑚 =
∆𝑇1 − ∆𝑇2

ln (
∆𝑇1

∆𝑇2
)

 

Equation 7: Theoretical maximum heat transfer [19] 

𝑄𝑚𝑎𝑥
̇ = 𝐶𝑚𝑖𝑛 · (𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑖𝑛) 

Equation 8: Heat transfer to the cold side [19] 

�̇� = 𝐶𝐶 · (𝑇𝑐,𝑜 − 𝑇𝑐,𝑖) 

Equation 9: Heat transfer for hot side [19] 

�̇� = 𝐶ℎ · (𝑇ℎ,𝑖 − 𝑇ℎ,𝑜) 

Equation 10: Heat transfer effectiveness [19] 

𝜖 =
�̇�

�̇�𝑚𝑎𝑥

 

The theoretical maximum heat transfer is built on assumptions as no leakage 

between the fluids, infinite transfer surface area and no heat loss to the surroundings 

�̇� = 𝜖 · �̇�𝑚𝑎𝑥 = 𝜖 · 𝐶𝑚𝑖𝑛 · (𝑇ℎ,𝑖𝑛 − 𝑇𝑐,𝑖𝑛) 

Equation 11: Mixing temperature [19] 

𝑇𝑓 =
𝑞1 ∗ 𝑇1 + 𝑞2 ∗ 𝑇2 + 𝑞3 ∗ 𝑇3

𝑞1 + 𝑞2 + 𝑞3
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Equation 12: Heat transfer effectiveness [20] 

𝜀 =
𝑇𝑐𝑜𝑙𝑑 𝑜𝑢𝑡 − 𝑇𝑐𝑜𝑙𝑑 𝑖𝑛

𝑇ℎ𝑜𝑡 𝑖𝑛 − 𝑇𝑐𝑜𝑙𝑑 𝑖𝑛
 

The repayment method is also often known as the pay-back time. It might also be 

interesting to find the time it takes for the investment to become beneficial. In order to find 

this it is necessary to see how long it takes for the savings to catch up to the investment. . 

This can be found with the following formula [21]. 

Equation 13: Pay-back period  
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6. Heat recovery locations 

6.1. Heat recovery shower systems 

The use of hot water in a house is estimated to be at least 60% of the total water as 

we can see in the figure 4 [7]. The largest demand for hot water is in the sink and in the 

bath/shower, therefore this places would be the best option to use a heat exchanger, because 

the shower has a continuous flow of hot water (37º) is the best place to locate a heat 

recovery system and recover the maximum energy possible. 

 

Figure 4. Water consumption in Sweden [7] 

The heat recovery shower system is the most typical system in houses, many 

companies have different models depending of the necessities of the families, with this 

systems it can be recovered over 60% of the heat that would normally be lost down the 

drain. Depending on the building construction there are different models that can be suited 

for each occasion   

For the calculation the following research assumptions have been adopted [8] 

 There are no heat losses in the course of water flow through the system piping. . 

 Temperature of the supplied municipal tap water remains constant throughout the 

whole investment cycle. 

 Temperature of the used hot utility water and temperature of the wastewater 

discharged from the shower system do not change in time. 

 Contaminants present in wastewater like shampoo or gels have no effect on the heat 

recovery effectiveness 

 Volume of wastewater discharged equals this of tap water taken up. 
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The different models available are the next ones shown in the table 4: 

Table 4. Models chosen for the shower heat exchanger [22-24]. 

Company Model 

% 

Efficiency 

(at 9.5l/s) 

Investment 

(SEK) 

Extra 

investment 

(SEK) 

Total 

Invesment 

(SEK) 

Heat snagger VXpipe 57.6 7250 550 7800 

RenewABILITY Power-pipe 53.9 6600 0 6600 

Shower Save Recoh-vert 62 6800 0 6800 

 

The extra investment is the extra kit needed for the installation such as pipes or 

valves. 

The heat exchanger chosen is Recoh-vert, this system is the most effective and can 

raise the water temperature up to 17ºC. To know how much energy is recovered with this 

heat exchanger is used equation 1 

After deciding which heat exchanger would be the best for the building 

characteristics the next step is connecting it to the hot tap water, this will depend of the 

existing hot tap water system. In the case presented the best alternative would be system B 

as shown in the figure 5, the extra investment required for this system is low compared to 

other systems (only is required a few meters of pipelines) 

For instance in a single-family house the best option would be the system A, the 

investment required is lower compared to a multi-familiar building and the heat can be also 

reused for heating. 

 

Figure 5. Different systems to connect the heat exchanger [31] 
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The inlet side of the Recoh – tray is connected to the mains water system. The outlet 

side can be installed in three different ways, namely: 

A Combined connection to the shower mixer tap’s cold water connection and the 

water heater. 

B Separate connection of the cold water connection to the shower’s mixer tap only, 

which is often appropriate where the mains water pressure is lower. 

C Separate connection of the cold water connection to the water heater only. 

The largest energy and CO2, saving is achieved by using System A but requires the 

largest investment 

The heat exchanger Recoh-vert consists of three tubes. The inner pipe, with a 

diameter of 50 mm, is the waste water drain pipe. The cold water mains that is to be 

preheated flows upwards through the annular space between both pipes. The heat 

exchanger has a double wall separation between sewage and drinking water. 

By applying the Recoh-vert the cold water going to the water heater and the 

shower's mixer tap will be preheated. The water heater needs to work less than half of its 

capacity during a shower 

 An alternative to this model is Recoh-tray, this model fits under the shower and it is 

not required as much place as Recoh-vert as is shown in figure 6 but it does not have the 

same efficiency as Recoh-vert, just only 40% and the temperature can be raised only 13ºC 

Figure 6. Recoh-tray heat exchanger [31] 
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6.2. Heat recovery dishwasher and washing machines systems. 

There is not a lot of research on this area because of the low energy use for the 

dishwasher and washing machines which would lead to small energy savings which can’t 

justify the investment costs for a heat recovery system, [9] but in places like hotels and 

restaurants the energy used for dishwashers can be quite substantial.  

This report is focused in a residential building so the possibility of install a heat 

exhanger in the diswasher  or washing machines is not included but, as previously 

mentioned installing heat exchangers in dishwashers in restaurants and hotels could recover 

0,11 kWh per wash. The data is obtained of “Wexiödisk”, a Swedish manufacture specialist 

in large dishwashers focused on the environmental aspect [25]. 

 

6.3. Centralized Grey-Water Heat Recovery Unit 

A practical and efficient way for the wastewater heat recovery is to position a heat 

exchanger in the waste pipeline and remove the heat continuously from the waste (See 

figure 7). The energy obtained preheats the incoming circulating cold supply water.  

 

Figure 7. Example of a drain water heat recovery. 
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The studied building uses district heating, for this reason the report is focused on 

solutions with district heating but there are still a lot of houses with accumulation tanks 

around in Sweden, and a solution with heat recovery from grey-water could lead to reduced 

amount of resources for heating of water as well as reduced installed power in the tanks but 

is not evaluated in this report. 

 

6.3.1. Pre-Heating Cold Water  

Water heating is one of the most costly energy demand in homes. A drain water heat 

recovery (DWHR) units recapture some or most of energy and use it to heat cold water that 

is going to become hot water (See figure 8). DWHR devices only recovered energy during 

simultaneous water draws [10]. 

 

 

Figure 8. DWHR operation 
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The drain water heat recovery technology is fairly simple in design and has proven 

effective in reducing the amount of energy needed to produce hot water [24-25]. 

In the studied case the main drain pipe is buried in concrete on the lowest floor. [See 

annexe 11.4] and it has an inside diameter of 148.6 mm that has been designed in 

accordance with the total number of drains and due to risk for clogging.  

 

Seeking a commercial heat exchanger, the first choice is a horizontal type, which could be 

mounted beneath the floor of the first floor. In that case is possible to make use of all waste 

water in the building and it is easy to connect it to the district heat [28]. 

The horizontal heat exchanger is available in 160 mm pipe size that is adequate for the 

studied case main drain pipe but is not compatible with the piping of the studied case, it 

could be used in new buildings making a design of the waste water piping in another way 

from the beginning  
 

The alternative is a vertical heat exchanger, the power pipe (See figure 9) was the 

more adequate comparing the efficiency with other brands, it is counter flow and it was 

designed to cause an insignificant loss in water pressure in a residential building. According 

the diameter of the main drain pipe in this report are required 2 units of 4 inch nominal 

cooper drain pipe wrapped with either 3/4” inch soft copper tubing where cold water is 

circulated recovering heat from the drain.  

 

Figure 9. Power pipe heat exchanger model. 
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The efficiency is dependent upon the length, the diameter, the water temperatures 

and the flow rate. Large sizes are more efficient can bring the cold water temperature from 

10ºC up to about 25ºC under equal flow conditions. In this report different length of heat 

exchanger are analysed, for a range of possible water flows and water temperatures. 

 

The DWHR units are installed in parallel and vertically on the main drain pipe by 

cutting the drainpipe and using the supplied connectors. The units could be wrapped closed 

cell foam insulation to ensure minimal heat loss to the surroundings and reduce the risk of 

surface condensation.  

 

Conforming to the manufacturer, the next table indicate different sizes of the unit 

use in this report [10]. 

 

Table 6. Power pipe models and characteristics.  

Power-Pipe 
model 

Heat exchanger 
Efficiency 

Diameter 
(inch) 

Length (inch)  Price (SEK) 

R4-60 54.2 4 60 8700 

R4-84 64.7 4 84 12100 

R4-120 72.8 4 120 14300 
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7. Results and Analysis 

7.1 Economic Analysis 

Installing a grey-water heat recovery unit entails several costs that needs to be taken 

into consideration. There are several different investment cost such as new piping in the 

building, regulators and valves in addition to the greywater heat recovery unit. 

The amount of money which could be saved also depends on the source of energy 

used for heating the hot water. 

7.1.1 Investment cost 

The investment cost depends a lot on the system one chooses to install. If there 

should be a connection to the heating system as well as the hot tap water. This would 

probably be the main difference in the investment cost for the different systems illustrated 

in figure 5. 

7.1.2 Variable Costs 

The variable costs of such a system would be minimal. Just the maintenance of the 

heat exchangers could vary along the time 

7.1.3 Repayment Method 

The repayment method is also often known as the pay-back time. It might also be 

interesting to find the time it takes for the investment to become beneficial. In order to find 

this it is necessary to see how long it takes for the savings to catch up to the investment.  

 

7.2 Economical data 

To be able to calculate an estimate how much it is possible to save due to reduced 

usage of energy, it is crucial to have prices for the energy purchased. 

Depending the type of resource that is used for heating the water the results will be 

varied. In Sweden the most typical way of heating is the district heating [29], but it is also 

used the electricity for heating as shown is figure 10. 



 

 24 

 

Figure 10. Energy prices along the time [31].  

Figure 11 shows the price for electricity in öre/kWh in 2012. 

 

Figure 11. Electricity prices in 2012 [32] 

It can be assumed that the mean prices are for electricity 0.95 SEK/kWh and 0.65 

SEK/kWh for district heating. 
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7.3. Savings in heat recovery shower systems. 

In this section a simple calculation have been made to find the amount of energy, 

which in theory could be recovered from the different systems mentioned in chapter 6. 

There are also calculations done for heat recovery from showers using the three different 

installations mentioned in chapter 6.1 

 

In the table 7 it can be seen the different efficiencies of the heat exchangers and the 

power that can of each one 

 

Table 7. Heat exchanger efficiencies  

 

Company Model % Efficiency (at 9.5l/s) Power (kW) 

Heat snagger VXpipe 57.6 11.1 

RenewABILITY Power-pipe (R2) 53.9 9.9 

Shower Save Recoh-vert 62 11.25 

 

The total amount of energy recovered over a year could then be found by using an 

estimation on total use of shower water during a year. It is estimated that each person 

showers 300 times per year. 

It is also assumed a constant temperature from the water supply to the building at a 

temperature of 10 °C and the average time per shower is five minutes. 

The results of using different heat exchangers can be seen in table 8 

 

Table 8. Results from the heat exchanger 

 Temperature 

after heat 

exchange (ºC) 

Energy used per 

shower without 

recycling 

(kWh/shower) 

Energy used per 

shower with 

recycling 

(kWh/shower) 

Percentage 

reduction 

(%) 

Heat snagger 25.55 1.65 1.22 26.1 

RenewABILITY 24.55 1.65 1.26 23.6 

Shower Save 26.74 1.65 1.16 29.7 
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Regarding to the total energy savings during a year is shown is table 9 

Table 9. Total energy used and recovered per person 

Energy use per 

person 

Total energy used 

without recycling 

(kWh/year) 

Total energy used 

with recycling 

(kWh/year) 

Total energy 

recovered per 

year (kWh/year) 

Energy 

saved (%) 

Heat snagger 495.58 364.72 130.86 26.1 

RenewABILITY 495.58 377.14 118.44 23.6 

Shower Save 495.58 348.8 146.78 29.7 

 

If each shower in the building has a heat recovery system the data obtained will be 

the table 10 

Table 10. Total energy used a recovered in the building 

Total building Total energy used 

without recycling 

(MWh/year) 

Total energy used 

with recycling 

(MWh/year) 

Total energy 

recovered per year 

(MWh/year) 

Heat snagger 23.787 17.506 6.281 

RenewABILITY 23.787 18.102 5.685 

Shower Save 23.787 16.742 7.045 

 

Because the companies of the heat exchangers do not give how much time take to 

work at 100% in the heat exchanger, there is not made any compensation for the delay 

between the water in the shower starts running and when the water temperature reaches 

desired level. 

When the shower is turned on the cold water will go down the drain and into the 

grey-water heat recovery unit, but this amount of water and the time it takes for the water 

exiting the shower head could almost be neglected. 

Filling a bath tub scenario is not taken into consideration in the calculations in this 

report. If you fill a bath the only heat recovery that will be possible to gain is from the grey-

water already stored in the grey-water heat recovery unit. 

7.3.1. Shower installations  

For the shower installations it has been assumed an economic lifetime of 20 years. 

The investment cost for the different units for heat recovery is found in table 4 in 

chapter 6.1, in order to reduce this investment some flats where only lives one person could 

share the heat exchanger with another flat if the limitations make it possible. For instance in 

the first floor 4 showers are really close as it is exposed in figure 12, therefore it can be 

reduce the number of heat exchanger from 6 to 4. 
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Figure 12. Showers location 

 

After this measure, the total number of heat exchanger needed is 24, to calculate the 

payback time is used the equation 13. 

In the next tables (See figures 11 and 12) have been calculated the payback times 

for the heat exchangers with district heating and electricity 

Table 11. Payback time with district heating 

 Cost of 24 heat 
exchanger (SEK) 

Money savings 
(SEK/year) 

Payback time 
(Years) 

Heat snagger 187200 4082.65 45.8 
RenewABILITY 158400 3695.25 42.9 

Shower Save 163200 4579.25 35.6 

 

 

Table 12. Payback time with electricity 

 Cost of 24 heat 
exchanger (SEK) 

Money savings 
(SEK/year)) 

Payback time 
(Years) 

Heat snagger 187200 5966.95 31.4 
RenewABILITY 158400 5400.75 29.3 

Shower Save 163200 6692.75 24.4 
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After analysing the results the system to choose is the one from Shower Save which 

is the most efficient and the one with the lowest payback time, but the payback time is too 

large to make a good investment, this is due to the low price of the energy in Sweden. 

However another option is to reduce the number of heat exchangers, in order to get 

an acceptable time for the payback it should be reached at least 3 persons for each heat 

exchanger. For example in the first floor it can be reduced to one heat exchanger gathering 

the four showers from the figure 12, in the second floor it can be shorten the number to 3 

heat exchanger like in figure 13, the problem with this floor is that one shower is too far 

from others to be able to gather them and in this flat only lives 2 persons so it is discarded 

to put one heat exchanger there. It happens the same with 3rd and 4th floor. With this new 

measure a total amount of 11 persons cannot take benefit of this system, but the number of 

heat exchanger is reduced to 10 

 

Figure 13. New location of heat exchangers 

The new data is the next: 

 Number of people: 48 

 Number of people with heat exchanger: 37 

 Number of heat exchangers: 10 

The results obtained with this new data can be seen in table 13. 

Table 13. Energy savings with 10 heat exchangers. 
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 Energy used without 

heat exchangers 

(MWh/year) 

Energy used with 

heat exchangers 

(MWh/year) 

Energy saved 

(kWh/year) 

Energy 

saved (%) 

Shower Save 23.787 21.801 1986 8.3% 

 

Shower Save Cost of 10 heat 

exchanger (SEK) 

Money savings (SEK/year) Payback time 

(Years) 

District heating 68000 1290.9 52.71 

Electricity 68000 1886.7 36.04 

 

Considering the new result obtained probably the best option is to study each flat 

individually and no the whole building altogether. 

If there is only one heat exchanger per flat the results obtained are the next: 

Table 14. Payback time per flat 

Number of 

persons 

Energy used 

with heat 

exchanger 

(kWh/year) 

Energy saved 

(kWh/year) 

Money saved 

(SEK/year) 

Payback time 

(year) 

1 348 147 95.55 71.16 

2 696 294 191.1 35.58 

3 1044 441 286.65 23.72 

4 1392 588 382.2 17.79 

5 1740 735 477.75 14.23 

 

As summary, the results reveal that using a heat exchanger in each shower only is 

worth if the number of persons per shower is 4 or higher. 
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7.4. Savings in Centralized Grey water heat recovery 

The calculations to know how much energy is saved are not simple because the data 

is not available for the exactly water drain temperature or water flow mass. Is estimated that 

the 60% of water use is hot water. Is estimated that the drain water temperature can vary 

from 22ºC to 26ºC (Estimated temperature, calculations in annexe 11.1).  On the other hand 

the temperature of the inlet of cold water is 10ºC. 

According equation 12, the table below is calculated. The calculations are attached 

in the annex 11.2. 

 

Table 15. Efficiency and water temperatures of the different heat exchanger models. 

Power-Pipe 

model 

Heat 

exchanger 

Temperature 

drain water 
Temperature 

cold water out 

pipe (ºC) Efficiency 

(%) 
(ºC) 

R4-60 

 

54.2 
22 16.6 

24 17.58 

26 18.67 

R4-84 

 

64.7 
22 17.76 

24 19 

26 20.35 

R4-120 

 

72.8 

 

22 18.73 

24 20.19 

26 21.65 

 

The amount of water used isn’t constant: it varies, particularly by time of day. In 

concordance with different studies of water use found on the internet as “Measurements of 

water use in eight dwellings, by quantity and time” of The Swedish Energy Agency   and 

the SP Technical Research Institute of Sweden [6-16]. 

The water flow is lowest between midnight and about 6am and higher around 

breakfast and dinner times, when people are showering, preparing meals, washing dishes, 

etc.  

Knowing that the water use of the case building is 1900 𝑚3/𝑦𝑒𝑎𝑟, the amount of 

water use per day is about 5205 L/min. But there is no data to know exactly the water flow 

per minute, different values of water flow are studied according the time of the day (See 

table 16). 
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Table 16. Water flow according the time of the day. 

Time of the day 
Supposed  

Water flow 
(L/min) 

Time 
(min) 

Water mass 
flow in a day  

(L) 

Peaks 35 30 1050 

Breakfast and dinner 
time 

10 300 3000 

Lunch time 3 390 1086 

Nights, leaks 0,2 720 144 

 

The tables below show the energy savings obtained for the both heat exchanger 

installed in parallel for each heat model with different water temperatures and water flows 

conforming the equation 1. 

 Saving of power pipe R4-60 with a diameter of 4 inch and a length of 60 inch (See 

table 17).  

Table 17. Energy savings for Power Pipe R4-60 

Power-

Pipe 

model 

Temp. 

drain 

water 

ºC 

Temp. 

cold water 

out pipe  

ºC 

Water 

flow 

mass 

(L/min) 

Time 

(min) 

Water flow 

mass in 

 a day (L) 

Q=mCpAT  

kWh/day 

Without HE 

Q=mCpAT 

kWh/day 

With HE 

Energy  

Saving  

kWh/day 

R4-60 

22 16.6 

0.2 720 144 7.52 6.42 

  

35 30 1050 54.86 46.82 

10 300 3000 156.75 133.76 

3 390 1170 61.13 52.17 

  280.26 239.16 41.10 

27 17.58 

0.2 720 144 7.52 6.26 

  

35 30 1050 54.86 45.62 

10 300 3000 156.75 130.35 

3 390 1170 61.13 49.35 

  280.26 226.27 47.20 

30 18.67 

0.2 720 144 7.52 6.07 

  

35 30 1050 54.86 44.29 

10 300 3000 156.75 126.55 

3 390 1170 61.13 49.35 

    280.26 226.27 53.99 
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According the price of district heating, the cost savings for the power pipe R4-60 

are calculated in the table below (See table 18), with an annual cost savings average with 

the different water drain temperatures. 

 

Table 18. Cost savings for Power Pipe R4-60 

Power-Pipe 

model 

Temperature 

drain water 

ºC 

Energy  

Saving  

kWh/day 

Cost 

Savings 

SEK/day 

R4-60 

22 41.10 26.72 

24 47.20 30.69 

26 53.99 35.10  
 

Average of Energy saving  

kWh/day 

Average of 

cost savings 

SEK/day 

Average of 

energy saving  

MWh/year 

Average of costs 

savings SEK/year 

47.43 30.83 17.31 11253 
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Saving of power pipe R4-84 with a diameter of 4 inch and a length of 84 inch (See table 

19). 

 

Table 19. Energy savings for Power Pipe R4-84 

Power-

Pipe 

model 

Temp. 

drain 

water 

ºC 

Temp. 

cold water 

out pipe  

ºC 

Water 

flow 

mass 

(L/min) 

Time 

(min) 

Water flow 

mass in a 

day  

(L) 

Q=mCpAT  

kWh/day 

Without HE 

Q=mCpAT 

kWh/day 

With HE 

Energy  

Saving  

kWh/day 

R4-84 

22 16.6 

0.2 720 144 7.52 6.23 

  

35 30 1050 54.86 45.40 

10 300 3000 156.75 129.72 

3 390 1170 61.13 50.59 

  280.26 231.94 48.33 

24 17.58 

0.2 720 144 7.52 6.02 

  

35 30 1050 54.86 43.89 

10 300 3000 156.75 125.40 

3 390 1170 61.13 48.91 

  280.26 224.22 56.05 

26 18.67 

0.2 720 144 7.52 5.79 

  

35 30 1050 54.86 42.24 

10 300 3000 156.75 120.70 

3 390 1170 61.13 47.07 

    280.26 215.81 64.46 

 

According the price of district heating, the cost savings for the power pipe R4-84 are 

calculated in the table below (See table 20), with an annual cost savings average with the 

different water drain temperatures 

Table 20. Cost savings for Power Pipe R4-84 

Power-Pipe 

model 

Temperature 

drain water 

ºC 

Energy  

Saving  

kWh/day 

Cost 

Savings 

SEK/day 

R4-84 

22 48.33 31.42 

24 56.05 36.43 

36 64.46 41.90 
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Average of Energy saving  

kWh/day 

Average of 

cost savings 

SEK/day 

Average of 

energy saving  

MWh/year 

Average of costs 

savings SEK/year 

56.28 36.58 20.54 13352 
 

Saving of power pipe R4-60 with a diameter of 4 inch and a length of 120 inch (See table 

21). 

Table 21. Energy savings for Power Pipe R4-120 

Power-

Pipe 

model 

Temp. 

drain 

water 

ºC 

Temp. 

cold water 

out pipe  

ºC 

Water 

flow 

mass 

(L/min) 

Time 

(min) 

Water 

flow mass 

in a day  

(L) 

Q=mCpAT  

kWh/day 

Without HE 

Q=mCpAT 

kWh/day 

With HE 

Energy  

Saving  

kWh/day 

R4-120 

22 16.6 

0.2 720 144 7.52 6.06 

  

35 30 1050 54.86 44.22 

10 300 3000 156.75 126.34 

3 390 1170 61.13 49.27 

  280.26 225.90 54.37 

24 17.58 

0.2 720 144 7.52 5.82 

  

35 30 1050 54.86 42.44 

10 300 3000 156.75 121.25 

3 390 1170 61.13 47.29 

  280.269 216.80 63.46 

26 18.67 

0.2 720 144 7.52 5.58 

  

35 30 1050 54.86 40.66 

10 300 3000 156.75 116.17 

3 390 1170 61.13 45.31 

  280.269 207.71 72.55 
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According the price of district heating, the cost savings for the power pipe R4-120 are 

calculated in the table below (See table 22), with an annual cost savings average with the 

different water drain temperatures 

Table 22. Cost savings for Power Pipe R4-120 

Power-Pipe 

model 

Temperature 

drain water 

ºC 

Energy  

Saving  

kWh/day 

Cost 

Savings 

SEK/day 

R4-120 

22 54.37 35.34 

24 63.46 41.25 

26 72.55 47.16 
 

Average of Energy saving  

kWh/day 

Average of 

cost savings 

SEK/day 

Average of 

energy saving  

MWh/year 

Average of costs 

savings SEK/year 

63.46 41.25 23.16 15055 

 

The table 23 compares and resumes the energy use of the 3 heat exchanger models 

and the energy use of the case building without using any heat exchanger in the drain 

system. 

 

Table 23. Comparison of the 3 heat exchanger models and the energy use. 

 

Energy use per year 
Without HE 

(MWh) 

Energy use per year  
With R4-60 

(MWh) 

Energy use per year 
With R4-84 

(MWh) 

Energy use per year 
With R4-120 

(MWh) 

 102.29 
84.98 81.75 79.13 

 % Savings 17% 20% 22.64% 
 

 

To calculate the payback time is used the equation 13 but the installation cost 

should be taken into account. 

The existing pipes from the case building are made of cooper, for this reason cooper 

tubes with an outside diameter of 28 mm have been selected. The big dimension is due to 

minimize the pressure drop. The pipes have to be insulated to prevent condensation during 

summer and also the heat exchangers could be wrapped closed cell foam insulation to 

ensure minimal heat loss to the surroundings and reduce the risk of condensation. Also is 

necessary to install balancing valves to balance the water to the heat exchangers. 
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The balance valve is type STA-D size 15mm and it price is 844 SEK, the price of 

the insulated pipes is 550 SEK/meter, in addition mending gypsum wall after the heat 

exchangers installation is approximately 2000 SEK and connect each heat exchanger to the 

water system cost 500 SEK per heat exchanger. The prices are collected from 

“Sektionsfakta –VVS 2013/2014”, published by Wikells in 2013. 

With this prices the installation cost can be seeing in the table 24 

Table 24. Price of installation 

 
Cost (SEK) 

Pipes insulated 3850 

HE insulated 800 

HE connect to 
 the water system 

1000 

Mending gypsum 4000 

Balancing valves 7596 

TOTAL 17246 
 

Knowing the price of each heat exchanger model, the installation cost that will be 

the same for the three different models of heat exchangers and the energy savings of each 

heat exchanger model is it possible to calculate the payback time of the system (See table 

25).  

Table 25. Payback of centralized heat exchanger. 

Power-Pipe 
model 

Price of the 
installation + HE  

(SEK) 

Cost savings 
(SEK/year) 

Payback time 
(years) 

R4-60 34646 11253 3 

R4-84 41446 13352 3.1 

R4-120 45846 15055 3 

 

There is not much difference between the payback of the different models. Thus the 

choice of the model could be based on the more efficient model, which is the Power-Pipe 

R4-120.  
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8. Discussion 

 
Based on the results for a centralized grey-water heat recovery unit the maximum 

investment cost compared to the energy savings is worth. It might therefore not be 

beneficial for individual residential to install such a system, but in the case building with 

several apartments connected to such a system, the centralized heat recovery unit will 

become beneficial. The larger buildings the higher consumption of hot tap water, which 

could be achieved more benefit from a grey-water heat recovery system.  

In the case building the amount of energy saving per year with the grey-water heat 

recovery unit is about 23.16 MW, which is 15055 SEK of cost savings per year, against 

7.045 MW of energy savings and 4579.25 SEK of cost savings that could be saved with the 

single shower heat exchangers. 

Regarding the economic evaluation done in this report, the maximum investment 

cost for a grey-water heat recovery unit for a building with 23 apartments and district 

heating as the main source of energy would be 45846 SEK with the power pipe R4-120. So 

if this was compared to installing 24 single shower units instead the maximum investment 

cost would be 163200 SEK with the Shower save RECOH-VERT. The installation cost of 

each heat exchanger is not included in the results, but in the case of the installation of the 

23 shower units the investment is more important. 

 

9. Conclusions 

 After analysing all the results the best option to use in the studied case is the 

centralized heat exchanger, due to is only needed to install one heat exchanger and has the 

best characteristic to recover the energy, the payback time is really low, the heat recovery 

in shower system is only recommended when live 4 or more persons in the house/flat. The 

results obtained are because of the low price of the district heating in Sweden and which 

make the payback time so high in comparison with the same system in other countries. 
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[3] A mathematical model to predict the effect of heat recovery on the wastewater 

temperature in sewers. 2013. David J. Dürrenmatt, Oskar Wanner. Swiss Federal Institute 

of Aquatic Science and Technology, Eawag, 8600 Du ̈bendorf, Switzerland 

[4] Temperature diagnostic to identify high risk areas and optimize Legionella pneumophila 

surveillance in hot water distribution systems, 2015, Emilie Bedard, Stephanie Fey, 

Dominique Charron, Cindy Lalancette, Philippe Cantin, Patrick Dolc, Celine Laferri_ere, 

Eric Deziel, and Michele Prevost . Volume 71, Pages 244–256 

[5] Effect of row-crossing header configuration on refrigerant distribution in a two row/four 

pass parallel flow minichannel heat exchanger. 2015. Ho-Won Byun, Nae-Hyun Kim. 

School of Mechanical System Engineering, Incheon National University, Incheon 406-772, 

Republic of Korea 

[6] Heat transfer enhancement using alumina and fly ash nanofluids in parallel and cross-

flow concentric tube heat exchangers. 2014. Adnan Sözen, H.Ibrahim Variyenli, M.Bahadir 

Özdemir, Metin Güru, Ipek Aytaç. Gazi University, Department of Energy Systems 

Engineering, Technology Faculty, Teknikokullar, 06503, Ankara, Turkey 

[7] “Measurements of water use in eight dwellings, by quantity and time” 2007. Anna 

Johansson, Åsa Wahlström  and Ulrik Pettersson. The eceee 2007 Summer Study, paper 

6.284, La Colle sur Loup, France  

[8] “Rationalization of water and energy consumption in shower systems of single-family 

dwelling houses” 2014. Sabina Kordana, Daniel Sły_s*, J_ozef Dziopak, Journal of 

Cleaner Production, Volume 82, Pages 58–69 

[9] “Heat recovery system for dishwashers” 2003.  M. De Paepe, E. Theuns, S. Lenaers, J. 

Van Loon. Applied Thermal Engineering, Volume 23, Issue 6, Pages 743–756 

[10] “Efficient drain water heat recovery in horizontal domestic shower drains”, 2012. 

Aonghus McNabola∗, Killian Shields. Energy and Buildings, Volume 59, Pages 44–49 

 

[11] “Water heating through electric shower and energy demand” 1998 Racine T.A. Prado 

*, Orestes M. Goçalves. Energy and Buildings Volume 29, Issue 1, Pages 77–82 



 

 39 

 

[12] “Financial analysis of the implementation of a Drain Water Heat Recovery unit in 

residential housing” 2014, Daniel Sły´s∗, Sabina Kordana, Energy and Buildings 

Volume 71, Pages 1–11 

 

[13] “An investigation of drain-side wetting on the performance of falling film drain water 

heat recovery systems” 2014,Ivan Beentjes, Ramin Manouchehri, Michael R. Collins. 
Energy and Buildings Volume 82, October 2014, Pages 660–667 

 

[14]” Investigating the Efficiency of a Vertical Inline Drain Water Heat Recovery Heat 

Exchanger in a System Boosted with a Heat Pump” 2014, Jörgen Wallin , Joachim 

Claesson, Energy and Buildings Volume 80, Pages 7–16 

 

[15] “Feasibility study of a localized residential grey water energy-recovery system” 2012 

L. Ni, S.K Lau, H. Li, T. Zhang, J.S Stansbury, Jonathan Shi, Jill Neal. Applied Thermal 

Engineering Volume 39, Pages 53–62 

 

[16] Heat Recovery from Urban Wastewater: Analysis of the Variability of Flow Rate and 

Temperature in the Sewer of Bologna, Italy. 2014. Sara Simona Cipolla, Marco 

Maglionico. D.I.C.A.M. Department of civil, chemical, environmental, and materials 

engineering, School of Engineering & Architecture,University of Bologna, Viale 

Risorgimento 2, Bologna, 40136, Italy 

 

[17]  “Mätning av kall- och varmvatten i tio hushåll” SP Sveriges Tekniska 

Forskningsinstitut, 2008. Åsa Wahlström, Roger Nordman and Ulrik Pettersson. 

[18] “Brukarindata för energiberakningar I bostäder” Page 21. http://www.sveby.org/wp-

content/uploads/2012/01/brukarindata_bostader.pdf 

[19] “Heat Transfer” [Book].-McGraw-Hill Education,  2010. J.P. Holman. 

[20] “Heat and mass transfer, A practical approach” [Book].-McGraw-Hill Education, 

2007. Çengel, Yunus A. 

[21] Accounting explained. Payback Period. 

http://accountingexplained.com/managerial/capital-budgeting/payback-period] 

[22] Heat Snagger Shop Online. http://www.heatsnagger.com/product/vxpipe-
vertical-dwhr-unit/ 

[23] http://shower-save.com/products/recoh-vert.html 

[24] http://www.renewability.com/power_pipe/index.html 

[25] “El concepto ecológico para los lavavajillas de capota” Wexiödisk, 2015.  

http://accountingexplained.com/managerial/capital-budgeting/payback-period
http://www.heatsnagger.com/product/vxpipe-vertical-dwhr-unit/
http://www.heatsnagger.com/product/vxpipe-vertical-dwhr-unit/
http://shower-save.com/products/recoh-vert.html
http://www.renewability.com/power_pipe/index.html


 

 40 

[26] “Drain Water Heat Recovery: On the Road to Becoming a Mainstream Water Heating 

Technology” 2011. Gerald Van Decker, M.A.Sc., P.Eng. www.RenewABILITY.com 

[27] “Drain Water Heat Recovery Characterization and Modeling” 2007. Sustainable 

Buildings and Communities Natural Resources Canada. Charles Zaloum, Maxime 

Lafrance, John Gusdorf . 

[28] INEX, Internationel exergi. http://inexie.se/produkter-tjanster/ccf/ 

[29] “The Swedish policy case for Cogeneration and District Heating”, Swedish Energy 

Agency, 2013, Daniel Friberg , OECD Publishing, Paris. 

[30] IEA, https://www.iea.org/media/workshops/2013/chp/DanielFriberg.pdf 

[31] Council of European Energy Regulators, 2012. 

http://www.ceer.eu/portal/page/portal/EER_HOME/EER_PUBLICATIONS/NATIONAL_

REPORTS/National%20Reporting%202013/NR_En/C13_NR_Sweden-EN.pdf 

[32] “The Swedish electricity and natural gas markets” The Swedish Energy Markets 

Inspectorate, 2012, Elanders Sverige, R2013:14 

 

 

 

http://inexie.se/produkter-tjanster/ccf/


 

 41 

11. Annexes 

 
11.1 Estimated water temperature in the drain. 
 
Hot water temperature: 55℃ 

Hot water temperature in the drain: 30-36℃ 

Cold water temperature: 10℃ 

Water use in case building: 1900000 L/ year  5205 L/ day 

Hot water use per day (60%): 3123 L 

Cold water use per day (40%): 2082 L 

Cp water: 4.18 kJ/kg℃ 

 

 

 If the temperature of the hot water in the drain is 30℃ 

 

𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 + 𝑄𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑 = 0 

 

𝑄 = 𝑚 ∙ 𝑐𝑝 ∙  ∆𝑇 
 

2082 𝐿 ∙ 4180
𝐽

𝑘𝑔 ℃
(𝑇 − 10℃) + 3123 ∙ 4180

𝐽

𝑘𝑔 ℃
 (𝑇 − 30) 

 

T= 22℃ 

 

 

 

 If the temperature of the hot water in the drain is 33℃ 

 

𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 + 𝑄𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑 = 0 

 

𝑄 = 𝑚 ∙ 𝑐𝑝 ∙  ∆𝑇 
 

2082 𝐿 ∙ 4180
𝐽

𝑘𝑔 ℃
(𝑇 − 10℃) + 3123 ∙ 4180

𝐽

𝑘𝑔 ℃
 (𝑇 − 33) 

 

T= 223,83℃ ≈ 24℃ 
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 If the temperature of the hot water in the drain is 36℃ 

 

𝑄𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 + 𝑄𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟𝑟𝑒𝑑 = 0 

 

𝑄 = 𝑚 ∙ 𝑐𝑝 ∙  ∆𝑇 
 

2082 𝐿 ∙ 4180
𝐽

𝑘𝑔 ℃
(𝑇 − 10℃) + 3123 ∙ 4180

𝐽

𝑘𝑔 ℃
 (𝑇 − 36) 

 

T= 225,6℃ ≈ 26℃ 

 

 

11.2. Estimated water temperature of the cold water after drain 

heat recovery. 

 
According the equation 12 and the next data the temperature of the cold water 

after the drain heat recovery is calculated. 

 

Equation 12: 

 

𝜀 =
𝑇𝑐𝑜𝑙𝑑 𝑜𝑢𝑡 − 𝑇𝑐𝑜𝑙𝑑 𝑖𝑛

𝑇ℎ𝑜𝑡 𝑖𝑛 − 𝑇𝑐𝑜𝑙𝑑 𝑖𝑛
 

 
𝑇𝑐𝑜𝑙𝑑 𝑖𝑛: 10℃ 

    𝑇ℎ𝑜𝑡 𝑖𝑛: 22℃, 24℃ 𝑜𝑟 26℃ 

 

Table 26. Temperature of cold water out per model and water drain temperature. 

 

Power-Pipe 

model 

Heat 

exchanger 

Temperature 

drain water 

∆𝑇 
 

𝑇ℎ𝑜𝑡 𝑖𝑛

− 𝑇𝑐𝑜𝑙𝑑 𝑖𝑛 

Temperature cold 

water out pipe 

 𝑇𝑐𝑜𝑙𝑑 𝑜𝑢𝑡 (ºC) Efficiency  

ε  (%) 
𝑇ℎ𝑜𝑡 𝑖𝑛 (ºC) 

R4-60 

 

54.2 
22 12 16.6 

24 14 17.58 

26 16 18.67 

R4-84 

 

64.7 
22 12 17.76 

24 14 19 

26 16 20.35 

R4-120 

 

72.8 

 

22 12 18.73 

24 14 20.19 

26 16 21.65 
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11.3. Energy savings. 

 
The energy savings have been calculated according the equation 1, the data of water use in 

concordance with the case building and the next estimation of the water flow mass by the 

time of the day. 

 

Equation 1: 

 

𝑄 = 𝑚 ∙ 𝑐𝑝 ∙  ∆𝑇 
 

Cp water: 4.18 kJ/kg℃ 

Water use in case building: 1900000 L/ year  5205 L/ day 

Number of people case building: 48 

 

 

Table 27. Estimation of water flow. 

 

 

 

Supposed  
Water flow 

(L/min) 

Water mass 
flow in a day  

(L) 

Peaks of the day 35 1050 

Breakfast and dinner time 10 3000 

Lunch time 3 1086 

Nights, leaks 0,2 144 
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Table 28. Energy savings per model, drain temperature and water flow mass. 
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11.4. Case building drawings. 
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