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ABSTRACT 

Heat losses are an important problem in domestic hot water circulation systems. Therefore, to 

reduce these losses becomes an issue of utmost importance both economically and 

environmentally. Nevertheless, it has not been until recent years when these losses have been 

studied further. Commonly studies have focused on the heat space system operation or radiator 

system. This study focuses on heat losses in the domestic hot water circulation through the 

piping system in a building at a school located in Gävle (Sweden) using non-destructive flow 

and temperature reading devices. The heat used by the school is provided by the district heating 

network that feeds several heat exchangers. The heat losses, at the same time, will be compared 

with simulation and theoretical procedures to corroborate them. The domestic hot water piping 

system of this study consists on more than 1200 meters of insulated copper pipes with different 

diameters and different insulation thickness. The system was measured for one week (April 26, 

2015 to May 3, 2015) when there are working days and nonworking days. A 5% of the annual 

district heating consumption in the school was calculated as heat losses in the domestic hot 

water circulation system in the building studied. Finally, improvements in insulation system and 

changes in the domestic hot water temperature have been simulated and they demonstrate that 

savings of up to 35% of the heat losses can be achieved and produce significant energy savings. 
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NOMENCLATURE 

σ    Stefan Boltzmann constant: σ = 5,67e-8 W/m
2
K

-4
  

U/HTC    U-value, heat transfer coefficient (W/m
2
K) 

A    Heat transfer surface area (m
2
) 

ΔT    Temperature difference (K) 

�̇�     Heat (W) or (W/m)  

SB    Stefan Boltzmann constant (5.67*10
-8

  W/m
2
K

4
) 

�̇�    Mass flow (Kg/s)  

ν    Velocity(m/s) 

ρ    Density (kg/m
3
) 

cp    Heat capacity (J/kgK) 

r    Radius (m) 

r0    Outer radius (m) 

ri    Inner radius (m) 

T0    Ambient temperature (K) 

Ti    Fluid temperature (K) 

hi    heat transfer coefficient inner surface  (W/m
2
K) 

ho    heat transfer coefficient outer surface (W/m
2
K) 

Aln    Natural logarithm for the pipe area (m
2
) 

Aouter    Outer area (m
2
) 

Ainner    Inner area (m
2
) 

L    Length (m) 

VVC In Swedish VarmVatten cirkulation (Warm water circulation) 

VV From Swedish VarmVatten (Warm water) 

DHW Domestic Hot Water 

SI     International System of Units 

DH    District heating 

Kr Swedish Krona. In the moment of study equivalent to 0,11 € 

Öre The centesimal division of the Swedish Krona   

Pr Prandtl number 

Gr Grashof Number 
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1. INTRODUCTION 

In the last years and decades the energy consumption in the world has not stopped increasing, 

even in the last years with the big growth of developing countries, the energy demand is 

growing faster. European researchers talk about an energy consumption growth of 1,8%/year 

between 2000 and 2030 while the population growth will be around 1%/year. The growth will 

be different between developed and developing countries. In the first group, the growth will be 

negative, -0,4%/year (case of Europe) [1] and the second group of countries will see the energy 

consumption growth between 2,5%/year to 3,8%/year. [2] [3] 

The residential sector has one important consumption in this total amount, around 40% but there 

are considerable differences between developed, developing and underdeveloped countries. 

While the residential consumption represents 20% of the total energy consumption in developed 

countries, more than 35% in developing countries and around 50% in underdeveloped countries. 

[4] 

Therefore, this issue is one of the major concerns in the next decades due to the increasing 

release of greenhouse gases that cause the global warming and also, very important, is the 

consumption of nonrenewable resources used currently such as oil, coal or natural gas that not 

only release big amount of gases, not only expel the harmful gases atmosphere but its use will 

reach their limit with the years to come.   

In 2007 Europe set a new target for year 2020 called “20-20-20”. In this target the objectives in 

the European Union are [5] 

 Reduction of 20% in greenhouse gasses emissions from 1990 to 2020. 

 The energy consumption has to be 20% from renewable resources. 

 Improve a 20% the energy efficiency, i.e. reducing the energy consumption by 20%. 

In the figure below, the annual changes are shown by country in the European Union, to reach 

20% in 30 years, the energy consumption has to be reduced by 0,67% per year as average; only 

4 countries will not reach this point. 

 

Figure 1: Energy consumption growth by European countries between 1990 and 2010. [5] 

These targets will be met trying to get a growth with smart innovations, investments and 

research. One of the important investments will be creating sustainable plants and devices, both 

for reducing energy consumption and to efficiently produce energy. These producing plants or 
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consuming points will have the mission to reduce the use of energy and therefore reduce the 

emissions to the atmosphere. 

The district heating that will be treated in this research it is one of the solutions to reduce the 

energy consumption and the energy production. It is seen a promising technology since the 

efficiency is high, such as in CHP systems [6]. 

It is known that in 2010 around 73% of 500 million European residents live in urban areas 

where the heat density is big and the heat necessities are large, this is one of the big argument 

that district heating has in its favor to grow and be implemented in the urban areas where heat is 

consider an important source. [7] 

1.1.  DISTRICT HEATING 

The district heating networks converts and uses energy in a more efficient way, reducing the 

carbon fuels and local heat sources in every building that has lower efficiencies. District heating 

is the heat produced in a plant and delivered to an urban network, or several buildings, in the 

same way as gas, water, electricity or telecommunications.  

The heat is distributed transporting hot water in insulated pipes underground, once the hot water 

has been cooled, it returns to the central plant through a return pipe, to be warmed again. This 

kind of system uses water or steam to transport energy from the plant to the buildings that 

require heating. The advantage of this kind of installations is that it can be exploited in several 

industrial processes; flexible with different fuels sources, use of waste heat from industry or 

incineration (burning garbage). 

District heating is used mostly in North Europe, North America, Japan and in the north of 

China. District heating penetration is bigger in Europe. It can be seen in the next table. 

 

 

Table 1: District heating penetration [8] 

Country Penetration (2000) 

Iceland 95% 

Denmark 60% 

Estonia 52% 

Poland 52% 

Sweden 50% 

Finland 49% 

Slovakia 40% 

Hungary 16% 

Austria 12,5% 

Germany 12% 

Netherlands 3% 

UK 1% 
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1.1.1. DISTRICT HEATING IN SWEDEN 

In Sweden the first publicly owned district heating system was in operation in Karlstad in 1948. 

After Karlstad, cities as Malmö and Norrköping started to build their systems in 1951, 

Stockholm, and Gothenburg in 1953 and Linköping in 1954. [9] [10] 

Nowadays DH in Sweden is used in a big number of municipalities, being as it can be seen in 

the last table on of the countries with a bigger penetration, the heat supplied by district heating 

is almost 60 TWh/year, covering the 50% of the heat necessary in Sweden for heating in non-

industrial or residential buildings. In this way, there is a district heating network in every town 

with more than 10000 inhabitants, being the total amount of district heating network of 400 in 

all over Sweden. The district heating networks are controlled by national/international 

companies for a 42% and the other 58% is controlled by municipal energy companies. [11] 

The systems that produce the heat in Sweden are 16% waste-to-energy plants, 7% heat pumps 

and 6% by industrial waste heat recovery (this is the case of Gävle as it will be seen then, and 

also the heat is generated by renewable bioenergy sources). 

In the next picture is shows how the DH grew in Sweden between seventies and 2008 (last year 

of information). 

 

Figure 2: DH growth in Sweden divided by fuel source used [12] 

The fuel types are, reading from above in Swedish, Natural gas; heat pumps; waste heat; energy 

coal; electric boilers; biomasses, incineration and peat; fossil oil. 

1.1.2. DISTRICT HEATING IN GÄVLE 

The district heating in the city of Gävle is supplied by Gävle Energi AB, which produces the 

heat mainly with the cooperation of the company BillerudKorsnäs AB, a paper pulp mill 

company nearby of Gävle. In this company, the energy as electricity and steam, is converted 

into heat. In normal conditions this heat would be wasted but through an agreement between 

Gävle Energi and BillerudKorsnäs, this heat can be delivered to the district heating network in 

Gävle. 

 

During large consumption days, as in cold days within winter, the heat is produced from 

cogeneration plants. These plants use wood and residues from the forests using center to recycle 

it to fuel. Depending on the different seasons, the fuel mix used for the District Heating supplies 

in Gävle is different, the fuel mix can be observed in the next figure: 
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Figure 3: Fuel mix in Gävle in the last two years. [13] 

The total district heating production in Gävle ascend to 824 GWh/year in 2012 and 784 

GWh//year in 2013. This corresponds to around 1,3% of the district heating production in 

Sweden. 

1.2. SÖRBYSKOLAN DESCRIPTION 

In the case of Sörbyskolan, the district heating from Gävle Energi AB is supplied by a main heat 

exchanger to the secondary district heating that distributes heat to six buildings. The buildings 

are supplied in couples or individually (totally 6 buildings), the building A and B are in the 

same circuit, C and D in another building, and the building E and the building F in single 

circuits. In the figure below can be observed clearer. 

 

Figure 4: Local heat distribution system around Sörbyskolan 

In the figure above building A is 0601 and the north part of the building is detailed where the 

heat exchangers and the important components are located. 

Inside the buildings the District heating enters to supply heat to the secondary systems, divided 

in two different circuits.: 

- Radiator heating system is a closed circuit, with water not drinkable due to the 

continuos passage through the pipes.  
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- VV pipes supplies the domestic hot water to the taping locations in the building. THe 

domestic hot water which has not been used in the building is returned through the 

VVC pipes which are going to the heat exchanger to be heated again. This tap water is 

heated via heat exchangers by the local heat distribution system. There are four heat 

exchangers of this type, so two buildings are in pairs sharing the same tap water system. 

The District Heating consumption observed during the last summers is large, when Sörbyskolan 

is supposed to be closed. Therefore it is important to understand the system showed in the figure 

number 4. 

1.3. PURPOSE 

The main purpose of this study is to reduce the heat loss from the domestic hot water circulation 

(VVC) system and therefore the cost of building A and B that are sharing the same circuit. 

Building A is the main building that shares the VVC system with building B where kitchen and 

restaurant are found The main purpose of this study is to understand the origin of the heat 

consumption during the non-using hours and quantify the heat losses throughout the study of the 

piping system that presumably cause the high consumption during these periods.  

With the results different options will be treated: 

- Increase the pipe insulation thickness in 20 mm or 40 mm to reduce the heat losses 

through the insulation 

- Include the VVC system and VV in the same insulation system. 

- Investigate the possibility of reducing the temperature inside the domestic hot water 

circulation pipes. 

- Decrease the flow and the speed VVC during holidays to reduce the pump electricity 

consumption  

Depending on the different options the investment costs will be calculated to observe which one 

of them or combinations of them is the best option. In this way the large energy bills that the 

school receives from the energy suppliers can be reduced during the non-working hours. 

1.4. SCOPE 

In this study the temperature and flow measurements will be only during one week, due to this 

the scope will be limited to the different stations, it would be different between summer and 

winter and during the summer the water consumption is almost zero. Moreover, all the weeks 

are not similar, having weeks with holidays or days with special consumption. Also in this study 

neglects the losses in the heat exchanger, non-insulated components in the system and the 

changes in the outdoor temperature including ground temperature that affect the pipes in and 

outside the buildings.  

Another problem in estimating the heat losses is that the School is divided in 6 buildings and 

only the VVC system of two is measured. In this way the heat losses of the rest of buildings can 

be supposed as similar in amount nd depending on the length of the piping system in each 

building. Thus, these values will be approximated but not exactly as in the case of buildings A 

and B. The piping system is supposed as indifferent between the old and new pipes, but the old 

pipes are not covered with aluminum foil to reduce the radiation heat losses. Dividing the work 

in old and new piping system would require an exhaustive search on the old database. 
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2. THEORY 

In this section there are several important aspects that must be treated to understand better this 

study. Important topics are: 

 Heat transfer. 

 The different materials used in the piping systems,   

 DH system description. 

 Sörbyskolan characteristics. 

 Legionella problem. 

2.1. HEAT TRANSFER 

The heat transfer is described as the exchange of thermal energy due to two systems with 

different temperature and pressure. This means that anywhere where there is a temperature 

gradient within a system or several systems and they are in contact, energy will be transferred. 

The energy transferred in the form of heat can be quantified with different measurements and 

analysis. Due to an exchange of thermal energy, there is a system or region losing heat and 

another system or region earning heat.   

The heat transfer follows the thermodynamics laws. The first law of thermodynamics states that 

the energy (heat) can be neither created nor destroyed, but it can be transformed.  The second 

law of thermodynamics states that there is no process in which the sole result is the heat transfer 

from a lower temperature region to a higher temperature region. All the processes with heat 

transfer must obey the first and the second law of thermodynamics. 

Three methods of heat transfer are: 

1. Conduction: It is the transfer of heat due to the direct contact in or between solid 

materials without the movement of the atoms between the hot end and the cold end. 

2. Convection: Is the transfer of heat by the physical movement of the heat medium itself. 

Convection occurs only in liquids and gases; not in solids. 

3. Radiation: Is the transfer of heat in the form of waves though the space (vacuum) 

between surfaces.  

The piping system under study can be seen as hot pipes with thermal energy that is dissipate 

through the piping system to the room where the pipes are. The water flow through the pipe, as 

it has been measured and the system has been design, has a temperature around 55-60 degrees 

depending on the point of the pipe, if it is return or supply and the moment of the day.   

The heat transfer passes through the pipe from the center of the cylinder to the outside layer. In 

this way the heat passes from the water to the copper pipe in form of convection, from the 

copper to the mineral wool and from the mineral wool passing through the foil aluminum by 

conduction and finally from the outsider surface of the whole pipe to the surrounding air by 

convection and long wave radiation exchange with surrounding surfaces. This transfer can be 

observed in the figure number 5. 
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Figure 5: Heat losses through the insulated pipes [14] 

 

As it has been explained before the piping system has different diameters in the insulation layer 

and in the copper layer. The losses through the pipes will be directly proportional to the 

diameter of the layers, affected more for the insulation diameter.  

The heat losses through the piping system are by thermal conduction in which one of the most 

important formulas comes from Fourier’s law: 

Formula 1: Fourier’s law for thermal conduction 

�̇� = U ∗ A ∗ ΔT [W] 

Where Q is the heat (W), U heat transfer coefficient (W/m
2
K), A is the Area in m

2
, and ΔT is 

the difference of temperature (ºC). The entire loss from all pipe system components comes from 

the flowing water. Due to the first law of thermodynamics, the heat loss from the pipes comes 

from the loss of internal energy of the flowing water. This is realized by a temperature drop of 

the returning water. The formula that expresses the relationship between heat losses, mass flow 

rate and temperature drop is: 

Formula 2: Fourier’s law applied to a flow 

�̇� =  ∗ 𝐶𝑝 ∗  ΔT [W] 

Where the Cp is the specific heat capacity of water 4,18 kJ/kg*K 

2.1.1. HEAT TRANSFER THROUGH PIPING SYSTEMS 

The heat transfer or losses in piping systemis an important issue not only in DH system also in 

solar collectors, oil or gas pipes. Also the heat losses can be observed as the reverse as cooling 

losses that in the theory is the same idea, but the heat direction it is reversed. In the case of 

study with hundreds of meters of pipes these heat losses must be considered as an important 

problem both economically and efficiency.  

The heat transfer in the piping systems is lost by both convection and conduction from the pipes 

and from the metallic attachments. The most important thing is to estimate these heat losses to 

solve it in the way as possible. [15] 

 



 

8 

 

Heat transfer can be easily calculated in walls or straight planes, but in the case of pipes is more 

difficult to analyze. The pipes as cylinders have an area increasing or decreasing depending on 

the radius. This area is directly proportional to the radius/diameter and the length of the 

cylinder. Thus, the area for a cylinder is: 

Formula 3: Area of a cylinder or pipe 

𝐴 = 2𝜋𝑟𝐿 [𝑚2] 

If Fourier’s law is applied for cylinders or pipes, the formula to use must be a little different 

than formula number 1: 

Formula 4: Fourier’s law applied for cylinders 

�̇� = − k ∗ A ∗ (
∆𝑇

∆𝑟
)              [W] 

None of the areas both the external and the internal surface can be used alone in this formula, it 

will be necessary to define a log mean for the area (Alm). 

Formula 5: Log mean for the pipe area 

𝐴𝑙𝑚 =  
𝐴𝑜𝑢𝑡𝑒𝑟𝐴𝑖𝑛𝑛𝑒𝑟

ln (
𝐴𝑜𝑢𝑡𝑒𝑟
𝐴𝑖𝑛𝑛𝑒𝑟

)
   [𝑚2] 

If in the formula 5 are substituted the areas by the expression 2πrL, the next equation is 

obtained: 

Formula 6: Log mean for pipe area deployed 

𝐴𝑙𝑚 =  
2 π r𝑜𝑢𝑡𝑒𝑟 𝐿  −  2 π r𝑖𝑛𝑛𝑒𝑟 𝐿

ln (
2 π r𝑜𝑢𝑡𝑒𝑟 𝐿 
2 π r𝑖𝑛𝑛𝑒𝑟 𝐿 )

 = 2 π L (
r𝑜𝑢𝑡𝑒𝑟    −  r𝑖𝑛𝑛𝑒𝑟 

ln (
r𝑜𝑢𝑡𝑒𝑟 
r𝑖𝑛𝑛𝑒𝑟

)
) [𝑚2] 

From formula 4 and 6 the equation can be reduced to: 

Formula 7: Heat transfer through cylinders 

�̇� = 2 π k L (
r𝑜  − r𝑖 

ln (
r𝑜 
r𝑖

)
) ∗ (

𝑇𝑜 − 𝑇𝑖

𝑟𝑜 − 𝑟𝑖
) =  2 π k L (

T𝑜  −  𝑇𝑖  

ln (
r𝑜 
r𝑖

)
) [𝑊] 

In the case of different materials in the piping system as it is the case of study, the radius must 

be divided into the different layers. This it is explained based in the figure 6 below [15]: 

 

Figure 6: Heat transfer in a piping with different surfaces [17] 
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In this case the heat transfer formula will be as the formula 8 is written: 

 

Formula 8: Composite pipe layers 

�̇� =  
2 π  L (T1  −  𝑇4)

𝑙𝑛 (
𝑟2
𝑟1

)

𝑘𝐴
 +  

𝑙𝑛 (
𝑟3
𝑟2

)

𝑘𝐵
 +   

𝑙𝑛 (
𝑟4
𝑟3

)

𝑘𝐶

 [𝑊] 

 

Applying these formulas to the case of the pipes with insulation, that can be seen in the figure 

number 6, the heat transfer formula will be as formula 9: 

 

Figure 7: Example of insulation in a pipe [17] 

Formula 9: Heat transfer by meter in the insulated cases. 

�̇� =  
2 π  (T𝑜  −  𝑇𝑖)

1
ℎ𝑖 𝑟1 

 +  
𝑙𝑛 (

𝑟2
𝑟1

)

𝑘𝑐𝑜𝑝𝑝𝑒𝑟
 +  

𝑙𝑛 (
𝑟3
𝑟2

)

𝑘𝑖𝑛𝑠
 +  

1
ℎ𝑜 𝑟3 

 

      (
𝑊

𝑚
) 

Being      hr =  4 ∗ ɛ ∗ SB ∗ 𝑇𝑜
3

 and ℎ𝑐 = 𝑁𝑢 ∗ 𝑘𝑖𝑛𝑠/𝐷 

Nu=a*(Gr*Pr)^b 

Where a=0.53 and b=1/4 if  10^3<Gr*Pr<10^9  (laminar flow) 

a=0.126 and b=1/3 if 10^9<Gr*Pr<10^12   (turbulent flow) 

In the case of study the flow is always laminar. 𝐺𝑟 =
𝑔∗𝛽∗(𝑇𝑖−𝑇𝑜)∗𝐷3 

𝜈3
 and Pr = 0.71 [18] 

2.2. PIPING SYSTEM MATERIALS 

The different indoor piping systems observed in the buildings at Sörbyskolan have the same 

composition of materials only changing the pipe-size. In this way the pipe is copper-made , 

commonly used in plumbing, with an insulation surface made of mineral wool to reduce as 

much as possible the heat losses and a surface of aluminum foil to reduce the radiation heat 

losses. 
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Figure 8 shows one example of copper pipe as there are in Sörbyskolan: 

 

Figure 8: Example of copper pipe insulated by mineral wool and aluminum foil 

 

2.2.1. MINERAL WOOL 

The mineral wool is a porous material commonly used as insulation; its qualities make it one of 

the best to insulate pipes. The properties as insulation also give it the quality to absorb noise and 

it is incombustible and allows no flames to propagate through it. It can support temperature 

conditions between ambient to 650°C. [19] 

The mineral wool was discovered in Wales 1840 but not until 1870 was patented in the United 

States. There are several types of mineral wool, including glass wool, stone wool with different 

properties and different ways to manufacture, but the pipes in this study are made of glass wool 

and in such a study will focus.  

Sweden was pioneer in Europe implementing these insulation materials to the piping systems. 

In 1960 Sweden started promoting these insulation materials with energy efficiency 

requirements with public aids to the installation of these systems [20]. However drops in oil 

prices, district heating costs and government investments in power production have made that 

the installation of insulation has not grown as it was expected. [21] 

Glass wool is made of sand and recycled glass, vastly present in the earth’s crust. Its properties 

are: 

- Thermal performance: The structure of the mineral wool has inside dry and steady air 

with a low density; therefore it is an obstacle to the heat transfer giving it a very low 

thermal conductivity between 0.05 and 0.031 W/m*K insulating at both ambient 

temperature and at high temperatures.  Thermal conductivity increases when the 

insulation temperature rises, much due to the long radiation exchange between wool 

fibers is temperature dependent 

- Acoustic performance: Due to a multidirectional and elastic structure, the mineral wool 

breaks the air particles movement and dissipates the sound; it can be used as acoustic 

conditioner and to reduce excessive echoes. 

- Fire performance: Mineral wool is an incombustible material, class A1 in the European 

classification for fire reaction in construction. It is commonly used as passive fire 

protection in buildings, because it preserves all the mechanical properties even in 

temperatures over 1000ºC. [22] 

Glass wool fabrication [23]: 
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1. Mixture: The main materials of the glass wool, sand, limestone and recycled glass are 

stored in big silos, where they are mixed, weighed and poured into a furnace by 

conveyor. 

2. Melting: The mixture is melted in an electric or gas furnace over 1400 ºC. 

3. Fiberizing: The glass as a liquid passes by a feeder to a fiberizing machine. In this 

machine the liquid is driven to a centrifugal machine and it is in this point where the 

fiber is created. The fiber is sprayed with a blinder and after it is shaped into a blanket. 

4. Shaping: The blanket formed passes to a curing oven and it is compressed to reduce its 

thickness to the final size. 

5. Cutting: The blanket is cut to the required size.  Also can be glued with foil aluminum 

like it is the case in the studied pipes. 

6. Packaging: A  rolling machine is used to package the mineral wool. 

7. Palletization: 36 rolls of mineral wool are packed into a single pallet. 

The complete process can be seen in the next figure [23]: 

 

Figure 9: Glass wool process (By Isover) 

2.2.2. COPPER 

Copper is the oldest metal discovered by man, more than 10,000 years ago. It was an important 

material since as it can be shown that in pre-historic times, there was a copper age. Not only 

copper was important, also its alloys, such as bronze and it was used in Roman and Egyptians 

times. [24] 

It was not until 19
th
 Century when copper had the revolution due to its electrical properties. The 

first major copper producer was Britain and also some mines were opened in Chile and United 

States. The copper production has increased exponentially in the 20
th
 century. While 1911 was 

the first year with a higher production than 1 million tons per annum, nowadays the production 

is around 20 million tons. The picture below shows the increase during the last 100 years. [24] 



 

12 

 

 

Figure 10: Worldwide copper production by year [25] 

To produce the copper pipe, big copper layers with 99, 99% pure copper are melted in a furnace 

at 1000 ºC and then it inflows into a second oven that has cylindrical molds to give the shape to 

the copper, and then the copper it is extracted. The produced rolls are flexible enough to 

produce elbows and bends for different piping systems. [26] 

The copper pipe used for warm water is insulated with mineral wool, as it is the case of this 

study. The mineral wool is wrapped around the pipe through two cuts in the material, adjusted 

for different length depending on the elbows and the shape of the pipe. 

The figure number 11 shows how the copper pipes are covered by the mineral wool insulation. 

 

Figure 11: Mineral wool used in this specific piping system 

 

2.3. DISTRICT HEATING SYSTEM DESCRIPTION 

One example of the district heating network inside the buildings that could be applied for the 

case of Sörbyskolan can be observed in the figure number 12: 
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Figure 12 Example of DH in the buildings [27] 

As it can be seen in the picture above, the DH enters in the building to heat two different heat 

exchangers (one for the domestic hot water, and another for the radiator heat system). 

2.3.1. DOMESTIC HOT WATER 

To produce domestic hot water, a heat exchanger is necessary; this heat exchanger can be 

coupled to a district heating network or to a central heating system. There are two main types of 

heat exchangers, soldered plate heat exchangers and bolted plate heat exchangers. Another type 

as tube heat exchangers are barely used for domestic hot water. 

In a plate heat exchanger, both liquids are separated by plates; the cold water passes the heat-

bearing medium through small channels. The effectiveness is increased thanks to a applied 

counter flow heat exchanger. The advantage of the domestic hot water exchanger is the 

effectiveness and that it is compact. The disadvantages are the pressure losses and the relatively 

large installed heating power capacity.  

The domestic hot water is taking more and more percentage of the building’s total heat load due 

to buildings every time more energy-efficient. [28] 

This is the system studied in this research and in which the heat losses have to be minimized to 

reduce the District heating bill. The radiator heat system is the system where by heat losses the 

buildings must be heated and the domestic hot water heat losses are unnecessary. 

2.3.2. RADIATOR HEAT SYSTEM 

This system is out of the study but they receive the heat from the same district heating system, 

being less important but still to be considered. The radiator heat systems have two different 

distribution system, steam radiators and hot water radiators.  

The steam radiator is the oldest and less efficient version and also the time between the moment 

in which the boiler is turned on and the heat arrives to the radiators is bigger. 
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The hot water radiators are used commonly in the new heat distribution system, the principal 

problem in these systems is the existence of air inside the piping systems. To avoid this problem 

the valves in each radiator must be opened before the heating season.  [29] 

 

2.4. DESCRIPTION OF VVC (DOMESTIC HOT WATER CIRCULATION) 

The knowledge that the heat losses in domestic hot water circulation are large is not new. There 

are several studies where the heat losses can suppose between 23 and 70% of the consumption 

depending on the building. [30]. 

Improving the DHW system with new types of circulation pipes has a potential of a 40% 

reduction of heat losses. The low return temperature in DHW systems have a large impact in 

these heat losses if the buildings are heated by district heating. [30] 

Recent research started giving more importance to these heat losses, before this the 

measurements were focused on the space heating (radiator network) where the consumption is 

always known and very easy to control. [30] 

In a research in Gothenburg (Sweden) the energy used for domestic hot water involved the 25-

35% of the total heat demand. In the new buildings, the energy consumption is bigger and the 

heat losses can suppose the 65% of the DHW consumption. [30] 

The circulation system are commonly pumped to provide hot water instantly to a faucet when is 

needed. These pumps are small and with a small power, fraction of a horsepower, 40-200 Watts. 

[31] 

In the case of this study the pump serves all the circulation pipes around the building A. The 

system can be compared to this small circuit in the figure 13 but having more taps, faucets and 

toilets. The pump is installed at A in the figure 13. Also the figure 13 shows how the VVC is the 

main pipe (big red line) and the little branches are the VV that deliver heat to the consumption 

points. In the case of Sörbyskolan the heat supplier is a heat exchanger different from the figure 

13 that shows a hot water heater. 

 

Figure 13: Domestic hot water circulation in a building [32] 
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2.5. LEGIONELLA 

Legionella is the bacteria group Gram-negative with bacillus-shape. These bacteria live in 

backwaters with a wide temperature range, preferably over 35ºC. Its growth is bigger with the 

presence of organic material. Legionella has aerobic respiration and a scourge to move. Within 

the genus Legionella there exist 48 species and a total of 78 serotypes. Some of the Legionella 

species can infect humans. The most important specie that infects humans is Legionella 

pneumophila due to its medical implications. Legionella can multiply within amoebae and this 

is the best method to detect its presence. [33] 

Legionella infection is called Legionellosis or Legion fever. It can appear as weak disease or 

severe character like atypical pneumonia called Legionnaires’ disease. It can lead to pulmonary 

complications and symptoms include fatigue, shortness of breath and sometimes diarrhea or 

muscle aches. [34] 

It is, as it can be seen, an important aspect in the warm water system as is the case of this study. 

There is a German research with the conclusions that plumbing systems with copper pipes (case 

of this study) are more frequently contaminated than those made of synthetic materials or 

galvanized steel [35]. New buildings (<2 years) are barely colonized. In the case of study in this 

report, the building is very old (more than 50 years) and the pipes are copper-made, the 

possibilities to have legionella are big if the system does not have a good control. 

The district heating systems with water temperatures below 46ºC are more frequently colonized 

and contain the highest concentrations of legionellae.  

2.5.1. EUROPEAN LEGIONELLA CONTROL 

In general, proliferation of legionellae may be avoided by: 

 Avoiding water temperatures throughout the system of between 20ºC and 50ºC. Water 

temperature is a particularly important factor in controlling the risks and water should 

be either below 20ºC or above 50ºC 

 Avoiding water stagnation and low flow. Stagnation may encourage the growth of 

biofilm (slimes that form on surfaces in contact with water) which can harbor 

legionellae and provide local conditions that encourage its growth 

 Avoiding the use of materials in the system that can harbour or provide nutrients for 

bacteria and other organisms e.g. natural compounds such as rubber washers and hoses 

 Keeping the system clean to avoid the accumulation of sediments which may harbor 

bacteria (and also provide a nutrient source for them) 

 The use of suitable water treatment program where it is appropriate and safe to do so 

 Ensuring that the system operates safely and correctly and is well maintained [35] 

 Equip sinks and showers with non-impregnated and disposable terminal tap water 

filters, these filters are made of nylon-66-polyamid-membrane. With these filters the 

legionella found can be almost zero. [36] 

 

2.6. THE CASE OF SÖRBYSKOLAN 

The school Sörbyskolan has several points that must be studied: 

2.6.1. SÖRBYSKOLAN CIRCUIT SYSTEMS. 

If buildings A and B are studied further the system can be assimilated to the figure number 13, 

the buildings have one circuit servicing the tap water, showers, sinks, toilets, tap for the garden 
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or basement, and kitchen taps for the kitchen situated in the building B, that it is also supplied 

by the domestic hot water system from building A. This circuit is an opened circuit that has the 

circulation pipes continuously working. It must be kept in mind also that the tap water system is 

composed by two circuits, one for cold and another one for warm water.  

The radiator heat system feeds all the different floors of the building A and also the radiators 

from building B. This system is a closed system that it is not important for this study. 

Both systems are controlled and distributed in several rooms and pipes in the basement in 

building A. These rooms are full of pipes and valves, also the pumps necessary for the 

circulation. There are the heat exchangers where the district heating and the radiator or domestic 

hot water systems receive exchange the heat. 

The next figure number 14 shows how the circuits in the basement of building A are connected. 

This picture is very important to decide where to set up the devices for measurements of flow 

and temperature to observe the heat losses. 

 

Figure 14: Scheme from building A 

The district heating comes from the supplier Gävle Energy AB into the substation in building A. 

On the secondary side, the hot water circuit distributes the heat to all buildings at 65ºC for space 

and domestic hot water heating. The cold water arrives from the municipality supplier to 

building C and this building supplies the rest of buildings. In the space heating case the hot 

water temperature is reduced to the radiator supplies depending on the outdoor temperature. 

2.6.2. CONSUMPTION IN SÖRBYSKOLAN IN THE LAST YEARS. 

The district heating consumed in the Sörbyskolan was the starting point to decide to investigate 

the heat losses in this educational complex. Before this research, some information of the last 

years was collected to quantify the possible losses observing the periods without use, such as 

Christmas or summer. The case of the summer is easily observed in the month of July where 

there is no use of the buildings except sporadic use of the gym in the building F. The consumed 

energy is in the table below. 

 



 

17 

 

Table 2: DH consumed by month in Sörbyskolan in MWh 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2012 139 128 109 79,1 39,5 18,3 12,9 15,7 35,6 73,7 106 131 

2013 139 125 110 76,8 70,1 19,4 13 14,7 41,5 72,1 108 134 

2014 145 130 112 74,2 38,1 18,6 12,2 13 40,7 69,7 101 127 

2015 147 133           

 

The difference between summer and winter are clearly observed with a consumption 10 times 

smaller between December-January and the the month of July where the school is closed. The 

last year 2015 is only measured until the month of February.  

The district heating consumption can be compared with the electricity consumption by months 

in the school, the electricity statistics are illustrated in the following table: 

Table 3: Electricity consumed by month in Sörbyskolan in MWh 

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2012 50,3 49,5 45,7 39,6 40,2 29,1 19,7 30,8 37,2 45 45,9 49 

2013 49,8 44,1 46 38,8 38,9 26,3 15,4 27 34,9 40,1 43,6 42 

2014 49,7 40,1 41,3 35 35 24,8 15,6 26,5 35,7 39 42 42,8 

2015 45,5 39,2           

 

As the month of July the school it is completely closed except building F (Gym) the total 

electricity consumption comes from building F and the consume in devices that cannot be 

turned off during the summer such as all the circulation system (pumps and valves). 

2.6.3. LEGIONELLA CONTROL IN SÖRBYSKOLAN 

Legionella control realized in the different buildings at Sörbyskolan consists of: 

1. Maintain the flow constant all day long, even in the moments when it is supposed that 

tap water consumption is zero during nights or weekends/vacations. In this way the 

water stagnation is avoided. 

2. Increase the water temperature through the piping system until 61ºC between the hours 

4.00 and 4.30 every day of the week. At these temperatures the legionella cannot 

survive. 

The Legionella control can be observed in the different buildings where operational instructions 

are attached to the wall near to the piping distribution, as it is shown in the figure number 15: 

 

Figure 15: Legionella control in the buildings 
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3. METHODS 

3.1. OVERALL STRATEGY 
 

The method to calculate the heat losses is divided in four different ways to calculate the heat 

losses in the buildings: 

1. Theoretical heat losses using the heat transfer formulas through cylinders (pipes).  

2. Heat losses calculated by COMSOL Multiphysics version 3.5. 

3. ISOVER® tool available in its webpage to calculate the heat losses depending on 

different parameters. 

This three calculation procedures include the task of dimensioning the piping system. The 

piping system was dimensioned with drawings and Excel files where all the lengths and 

dimensions are indicated and with ocular survey in on-site. 

4. Measured heat losses observed with the flow and temperature devices. This procedure is 

complementary to the other three to corroborate if the models are similar to the 

measurements. 

These four procedures can be analyzed in function of the insulation thickness and economically 

to enumerate the economic consequences of these heat losses.  

3.2. THEORETICAL HEAT LOSSES IN CYLINDERS USING HEAT 
TRANSFER FORMULAS 

 

For this procedure it is important to know the heat losses by meter of pipe according to the 

formulas but also the pipe lengths to calculate the total heat losses. First of all the piping lengths 

will be calculated because they are also used to calculate the heat losses using COMSOL.  

3.2.1. PIPING LENGHTS 

The piping length in buildings A and B were provided by the consulting company in an Excel 

sheet with a summary of all the pipes divided by different sizes of insulation and copper 

diameter and it indicates the pipe length.  

In this Excel sheet also the cold pipes are included but they can be easily deleted with the 

conditional function for Excel =IF(“Pipe/cold water”;0;return length cell) with this function 

only the hot water pipes and the circulation pipes length will be summarize in Excel. 

Using another combined function IF and AND can be used to read only different pipes, pipes 

with the same copper diameter and insulation thickness. Thus, the different sizes for the pipes 

are divided in subgroups, the function used is: 

=IF(AND(“Pipe diameter”= X; “Insulation” =Y);value;0) 

Where X is the pipe diameter searched and Y the insulation thickness searched. Thereby twelve 

different insulation-copper different diameters are found, the pipe list can be observed in the 

next table: 
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Table 4: Different pipe sizes 

Name Copper diameter (mm) Copper thickness (mm) Insulation thickness (mm) 

12-0 12 1,2 0 

15-0 15 1,2 0 

16-0 16 1,2 0 

22-0 22 1,6 0 

12-40 12 1,2 40 

15-40 15 1,2 40 

18-40 18 1,2 40 

22-40 22 1,6 40 

22-60 22 1,6 60 

28-60 28 1,6 60 

35-60 35 1,6 60 

42-60 42 1,8 60 

 

3.2.2. HEAT LOSSES PER METER 

Theoretically the heat losses are given by the heat transfer formula in cylindrical layers, formula 

number 8. In this case the two layers found in the pipe are copper and mineral wool.  

The easiest way to calculate these heat losses or heat transfer is in an Excel sheet where it will 

be only necessary to change the different pipe diameters. This method is, thus, simple once the 

formula is included in Excel, where the parameters can be changed quickly. The calculations 

will be treated onwards. 

 

3.3. HEAT LOSSES USING COMSOL 

An example of Simulation software for the heat transfer through the pipes is COMSOL 

Multiphysics® version 3.5. COMSOL will be used with permit license from the University of 

Gävle using CITRIX (online tool used to open a remote desktop in your computer). This finite 

element program will be used due to the facilities to introduce the different parameters and it is 

validated by using analytical models. This software it is commonly used for heat transfer 

calculations in buildings. [37] 

 The theoretical heat losses are calculated by COMSOL by means of introducing the pipe 

characteristics (size of the different layers and materials). 

3.3.1. DRAW THE PIPE 

Using COMSOL the first step is to draw the piping system knowing that we have different 

diameter pipes 22 mm, 54 mm and 35 mm. The idea is to calculate how the heat losses are 

through the pipe depending on the different diameters. In COMSOL there is one option to draw 

circles that are the pipe profile, it will be necessary to draw three different circles arriving to a 

draw like this. 
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Figure 16: Piping surfaces in the case of 35mm pipe 

In the figure 16, the 35mm-diameter pipe can be observed with the rest of the insulation external 

diameter. It is important to choose the same center in this case (0, 0). The different surfaces are 

the copper internal surface (radius 16 mm), the copper external surface (radius 17.5 mm) and 

the external mineral wool surface (radius 47.5 mm) that also is the layer where the aluminum 

foil is placed. These radii are expressed in SI (meters). 

3.3.2. CONSTANTS 

The easiest way to change the diameters and all the values between different constant is to use 

the constant tab (found in Options) where it is important to define same values like the Stefan-

Boltzmann constant, different heat transfer constant (in advance THC), heat conductivities, 

emissivity and temperatures. Figure 17 shows some constants that allows quick changes in 

values of various variables, for example convective heat transfer coefficients. 

 

Figure 17: Constants used in COMSOL 
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3.3.3. SUBDOMAIN SETTINGS 

Once the different surfaces are drawn, the different materials have to be described and it is 

necessary to introduce the thermal characteristics such as heat conductivity, in this case for 

mineral wool, copper and water. 

The different parameters for the materials are in the next screen shots in COMSOL, as it is 

observed the thermal conductivity must be changed in the different materials. The subdomain in 

which COMSOL divides the pipe is three, number 1 is mineral wool insulation, number 2 is the 

copper pipe and number 3 is the water inside the copper pipe: [38]: 

 

Figure 18: Insulation parameters in COMSOL 

 

Figure 19: Copper parameters in COMSOL 

 

Figure 20: Water parameters in COMSOL 
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In the figures 18, 19 and 20 are illustrated the mineral wool, copper and water parameters and 

shown the part of the pipe which has these materials. This overview is the same for the three 

different pipes observed because only the diameter changes. 

3.3.4. BOUNDARY SETTINGS 

COMSOL divides each circle in four quarters; due to this the boundaries must be selected in 

groups of four. In this case the number of surfaces is twelve, the external boundary of the 

insulation, the external boundary for the copper and the internal boundary for the copper. 

The external boundary for insulation has the condition of heat flux where the heat goes from the 

internal layers to the external as heat losses, also the ambient temperature is around 25ºC, the 

heat transfer coefficient and it must be applied the emissivity for the aluminum foil layer. In the 

next picture are applied the different parameters: 

 

Figure 21: Boundary setting for external insulation boundary 

The external copper boundary acts as continuity, it does not have emissivity and the 

temperatures are dependent from the system.  The parameters are shown in the next figure: 

 

Figure 22: Boundary settings for external copper boundary 

The internal copper boundary is a heat flux discontinuity due to the water inside passing 

continuously and the heat losses are continuous and the heat transfer for the internal surface. In 

this layer, it is important to include the temperature of the water flow and the convection heat 

transfer coefficient: 
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Figure 23: Boundary settings for the internal copper boundary 

3.3.5. MESH AND SOLVE 

After these steps the pipe is defined and only needs to be meshed and solved by COMSOL. 

Depending of the accuracy that is desired the program can do a first mesh and repeat this 

options several times obtaining more and more elements, but this way makes the solving 

process tedious. The first mesh will have 1334 elements, the second one 5336 elements, the next 

one 21344, 85376 and so on. The next picture represents the three first meshes.  

 

Figure 24: First, second and third mesh 

The heat flow can be easily seen in this picture depending on the temperature: 

 

Figure 25: Temperature section of the pipe 
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In the figure number 27 is illustrated how the maximum temperature is the flow temperature and 

the minimum temperature of the pipe. It is a little higher than the ambient temperature. Drawing 

a dot in the external layer, the external insulation temperature is 30ºC, 5ºC more than the 

ambient temperature. 

3.4. HEAT LOSSES USING ISOVER  

Isover is an insulation company that in its webpage offers a tool to calculate the heat losses 

depending on different parameters [39]. The important parameters to include in this tool for the 

case of study are: 

- Ambient temperature is 25ºC 

- Fluid temperature is 59.5ºC 

- Insulation thickness [mm] (variable depending on the case) 

- Pipe/duct diameter [mm] (variable depending on the case) 

- Emissivity or outside surface material, aluminum foil in this case 

- Insulation material, ISOVER CLIMPIPE Section BoaFlex Alu2 

The tool calculates the outer surface temperature, the heat losses per meter with insulation and 

the heat losses per meter without insulation as results helpful. 

3.5. HEAT LOSSES OBSERVED USING FLOW AND TEMPERATURE 

DEVICES.  
 

For this part of the study, there are several measurements that must be implemented: 

 The diameter of the pipe, including the external diameter of the copper pipe, the internal 

diameter of the copper pipe, and the thickness of the insulation. 

 The flow through the pipes, in this case a device will measure the flow and the speed, 

the device will be set up in the supply and in the return to observe the different flows 

and compare with the tap water consumed. 

 The temperature inside the pipes (before the heat exchanger and after), the temperature 

in the room where the pipe are set up is also important for COMSOL, theoretical and 

ISOVER calculations. 

3.5.1. PIPE DIAMETER 

The diameter of the pipe was measured by a caliper, due to the facility of measuring diameter 

with the outside large jaws and depths with the depth probe.   

Due to the depth probe (number 3 in figure 28) it was not necessary to remove the insulations 

from the pipes using a little hole to measure.   

 

Figure 26: Caliper example used in the measurements [40] 
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The internal copper diameter was assumed by using European standard copper sizes [41]. The 

standard copper diameters for piping system are shown in the table below: 

Table 5: Piping standard diameters 

External Diameter (mm) Thickness (mm) 

9 1 

12 1 

15 1 

22 1.2 

28 1.2 

35 1.5 

42 1.5 

54 2 

66,7 2 

 

The piping system observed in Sörbyskolan is composed by twelve different kinds of pipes 

depending on the diameter of the copper, and the insulation thickness. In this table are all these 

sizes: 

Table 6: Different piping sizes in Sörbyskolan 

Copper diameter (mm) 12 15 16 0 12 15 18 22 22 28 35 42 

Insulation Thickness (mm) 0 0 0 0 40 40 40 40 60 60 60 60 

3.5.2. FLOW MEASUREMENT 

The flow was measured with a non-destructive device, a portable ultrasonic flowmeter FUJI 

electric brand. This device can be used to measure flow temperatures below 200 ºC and liquid 

as water, seawater, oil and some combustibles as pentane, hexane and gasoline. The detector has 

to be chosen depending on the temperature of the flow that it will be measured. Thus, in this 

case the detector used was the small detector (standard) that it is able to measure inside 

diameters between 50 and 400 mm and a temperature range from -40 ºC to 100 ºC. [42] 

For a correct de measurement the pipe must be filled with a fluid which it has to be free from 

foreign objects and air bubbles. The device must be set up in a position greater than10 times the 

pipe diameter after the elbows or 90º bend and greater than 5 times the pipe diameter before an 

elbow. These positions are shown in the picture below: 

 

Figure 27: Positions for the flowmeter device [42] 

The devices as pumps or valves must be in a distance bigger than 30 times the pipe diameter 

upstream to avoid disturbances. 

Other important considerations to consider are: The flow device must be mounted within ±45º 

from the water level (for horizontal piping, horizontal montage) and it must be mounted 

avoiding piping distortion, flange or welds. 
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After positioning the device, the lock nuts must have a length separation according to the copper 

pipe diameter; these distances are given by the display after writing the pipe material, the 

diameter and the thickness. Important issue is to clean the pipe and apply silicone grease over 

the entire area to the transmitting. Later to fix the flow device to the pipe is used two belts in the 

two ends of the sensor, as the temperature is below 80ºC cloth belts are usable. Finally the two 

cables are connected between the flow device and the display where all the measures are saved. 

 

Figure 28: Different parts of the flowmeter device 

Regarding to the display (shown in figure 28) is very important to adjust the pipe size (outer 

diameter and wall thickness), the pipe material, and the kind of liquid. In the case of study the 

flow device was adjusted to measure one week (week 16 of 2015). 

It is necessary to know about this device that the accuracy has an error of 3% in the flow 

measurement if there is an error of 1% measuring the pipe (diameter). 

3.5.3. TEMPERATURE 

The devices to measure the temperature were dataloggers with a built-in temperature sensor. 

They work with a 1.5 V battery, and they can record 20,000 measured values. These dataloggers 

measure temperatures in the range -40ºC to 80ºC with accuracy always better than 0.1ºC.  

These devices are easily installed, being only necessary to fix them to the pipe to measure the 

temperature of the pipe, for a better measurement the devices can be insulated using the same 

insulation that it is necessary to remove from the pipe to set up the datalogger. One example of 

temperature datalogger is in the figure below: 

 

Figure 29: Temperature logger. [43] 
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The datalogger used for this study write txt Files type, being this is a good advantage to 

consider because it will be easily changed to Excel to manipulate the data. [43] 

The temperature measured in the return and in the supply in the VVC system will give the 

gradient of temperatures used to calculate the heat losses. Also the room temperature will be 

important to know ambient temperature for the analytical procedures. 

Here are different positions for the temperature dataloggers in the different buildings/circuits. 

 

Figure 30:  Temperature devices placement 

After one week measuring in the amount of data it is very big and it needs to be processed. The 

flowmeter and temperature devices write the data in a txt file that is easily transformed to an 

Excel® sheet. The txt data has a structure as it is shown in this screen shot (Figure 31). 

 

Figure 31: Txt file structure 

This data is processed by Excel, the most of the data is not necessary, with the speed and the 

flow in L/s it is enough. With Excel, this txt file can be opened and in this way permit allocation 
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of different columns to cells in Excel. Also the file created by the thermostats is a txt file than 

can be read with Excel. The next two figures show the structure for these two measurements. 

 

Figure 32: Flow and temperature in Excel structure 

The temperature devices are measuring every second minute and the flow devices every minute, 

to measure correctly the temperatures in the inexistent minutes are supposed to be the average 

between the other two minutes. The ΔT can be calculated with the difference of temperature 

between the supply and the return before the heat exchanger, thus, the supply it is the water 

recently warmed up, and the return is the water with the heat losses through all the complete 

system.  This ΔT will be explained and plotted in the calculations part.  

After calculating the ΔT, the most important thing and main purpose of this study it is to 

calculate the heat losses. The heat losses are calculated using the heat water capacity Cp= 4180 

kJ/kg*K and the flow in L/s ~ kg/s and ΔT with the next formula: 

Formula 10: Heat losses between supply and return 

�̇� = 𝑞 (
𝐾𝑔

𝑠
) ∗ 𝑐𝑝 (

𝐾𝐽

𝐾𝑔𝐾
) ∗  ΔT (K)    [𝑊] 
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4. CALCULATIONS 

The calculations, as methods, are also divided in the three different procedures to quantify the 

heat losses. Calculations for the theoretical/simulation procedures have steps in common as 

piping lengths or pipes divided by size.  

4.1. HEAT LOSSES ACCORDING TO THE THEORY 

The calculations are also divided in piping lengths and the theoretical heat losses by meter, with 

these two values the total heat losses can be calculated. The piping lengths are used also to 

calculate the heat losses according to COMSOL simulations. 

4.1.1. PIPING LENGHTS 

The Excel sheet has a lot of different devices in the pipes that are summarize in the table 7 to 

see better the installation caliber, in this table the first number is the system in building A and 

the second one the building B: 

Table 7: Pipe devices breakdown 

Name Number of devices Length (m) 

bend-90 786+249 - 

T-branch-90 222+56 - 

pipe/cold water 689+215 914+241 

pipe/hot water 559+161 800+182 

water point 119+28 - 

Stop valve 47+22 - 

Pipe/circ water 124+41 439+76 

Other pipe device 8 - 

Zone valve 13+3 - 

Pipes 26 1 

TOTAL 3402 2654 

 

This huge number of pipes must be reduced discounting the cold pipes and hot pipes, thus, there 

are 1155 meters of cold water pipes, 982 hot water pipes and 515 meters for circulation. The 

circulation pipes are the important elements for this study. In this pipe group the heat losses are 

found. 

As it was explained before, there are twelve types of pipes, the calculation in Excel to divide 

them into subgroups permit to know how many meters has each kind. It is important to reduce 

the heat losses calculated because not all the pipes have hot water circulation through them. 

Pipes without insulation are the pipes that are arriving to the consumption points, so it is 

interesting to discount them. It is numerated in the table below: 
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Table 8: Lengths by kind of pipe 

Name Length (m) 

12-40 88 

15-40 433 

18-40 292 

22-40 8 

22-60 107 

28-60 218 

35-60 9 

42-60 8 

TOTAL 1162 

 

4.1.2. HEAT LOSSES PER METER 

The calculations by Excel on heat losses per meter of pipe after change all the parameters are 

included in the next table: 

Table 9: Heat losses by meter according to the theory 

Name Length (m) Heat Losses by meter 

(W/m) 

12-40 87.6 3.90 

15-40 432.7 4.28 

18-40 291.9 4.64 

22-40 8.3 5.10 

22-60 106.9 4.34 

28-60 217.6 4.84 

35-60 9 5.39 

42-60 7.5 5.92 

TOTAL 1161.5  

 

4.2. HEAT LOSSES ACCORDING TO COMSOL 

The calculations with COMSOL are made by the program after including all the parameters and 

settings that were explained in the methods. COMSOL uses the theoretical formulas and the 

results must be similar depending on several parameters that the program can change. The 

results will be accounted in the results section. 

To sum the heat losses, the boundary integration tab must be chosen from the program and the 

tab expression to integrate (Normal heat flux) the units W/m to know the heat losses per meter 

of pipe. It must be taken in account that the boundaries are in opposition, this means that if the 

four different boundaries of one layer are chosen the value will be zero. Clicking in only one 

quart will be enough and then this number will be multiplied by four. 

The diameters for the pipe must be changed in each kind of pipes, creating twelve different 

amounts of heat losses by meter of pipes. After all the calculations and changes in COMSOL, 

the heat losses are numerated in the next table, in which it is also, included the length calculated 

in the part heat losses according to the theory: 
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Table 10: Heat Losses divide by kind of pipe 

Name Length (m) Heat Losses by meter 
(W/m) 

12-40 87.6 3.90 

15-40 432.7 4.28 

18-40 291.9 4.64 

22-40 8.3 5.09 

22-60 106.9 4.37 

28-60 217.6 4.87 

35-60 9 5.43 

42-60 7.5 5.96 

TOTAL 1161.5 - 

4.3. HEAT LOSSES BY ISOVER 

Isover heat losses tool uses the theoretical formulas and the internal calculations made by Isover 

will be similar to the heat transfer theory and formulas. The calculations in ISOVER can be 

obviated because this tool does the calculations following the same steps as the formulas in the 

theory part.   

4.4. HEAT LOSSES MEASURED IN BUILDINGS A AND B 

Once the flows and temperatures are obtained, the heat losses through the piping systems can be 

estimated by using the temperature drop ΔT (temperature difference between supply and return 

water in the VVC) using the figure 33 with the temperatures in the different placements. In the 

figure 34, the ΔT behavior can be seen during one week, in this case from 26
th
 of May to 3

rd
 of 

June. 

 

Figure 33: Temperatures in the different placements. 
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Figure 34: Temperature difference during the whole week 

The five different working days can be distinguished easily in the figure above; this study is 

focused in the non-used hours because it is where the heat losses are more obvious. In this way, 

figure 34 shows that the average difference of temperature in the non-used hours is around five 

degrees. 

The difference between the supplied water before the mixing valve (mixing valve is illustrated 

in figure 35), that increases the temperature a couple of degrees and the return water is higher in 

the using hours. This logical increase is due to the use of hot tap water, therefore the return of 

hot water will be lower. Thus, peaks of 20 degrees of difference can be seen, the water return 

temperature it is very different from the water supplied to the system. 

 

Figure 35:  Places where the measurements were located 
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Figure 36: Temperature difference before the mixing valve 

The figure 36 shows the increase of temperature due to the consumption, the difference between 

before the mixing valve and after are around 3ºC in non-using hours. The behavior in using 

hours it is due to the big consumption and the mixing valve uses cold water and the temperature 

differences turns negative. 

The non-using hours are plotted in the next figure avoiding the legionella hour (4:00-4:30 every 

day): 

 

Figure 37: Temperature difference (in Celsius) during the non-using hours 

 

Using formula 2 the heat losses during the whole week can be calculated, thus the heat losses 

behavior during the week will be like this figure: 
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Figure 38: Heat losses during the whole week in W 

The heat losses are normally constant during the non-using hours (weekends and nights) and 

there are big peaks of heat losses in the circuit during the using hours. The negative heat losses 

are not real values because the measurements are using values after the mixing valve that 

decreases the water to provide all the system changing the values to negative. 

The heat losses cannot be observed clearly in the figure above, for an easy observation the best 

idea it is to take only the non-used hours as the weekend or nights, the weekend starts in this 

school at 4:00 PM on Friday afternoon and finishes on Monday morning at 7:00 AM. This 

figure number 39 represents the heat losses behavior during the weekend.  

 

Figure 39: Heat losses during the weekend in W 

As it can be seen the heat losses are almost constant during the non-used hours, this value will 

be included in the result part. The average for the heat losses can be calculated using the total 

sum for the weekend and every evening-nights (17.00-7.00). Totally the school is working 50 

hours of a total of 168 hours, around of 30% of the hours. 

The calculation for the average heat losses will be calculated with this formula in Excel: 

=(SUM(J3:J423)+SUM(J1023:J1863)+SUM(J2463:J3303)+SUM(J3903:J7623)+SUM(J8223:J

9063)+SUM(J9663:J10082))/7080 

Where the terms are:  
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1. Wednesday before 7:00 

2. Wednesday 17:00-Thursday 7:00 

3. Thursday 17:00 - Friday 7:00 

4. Friday 17:00 – Monday 7:00 

5. Monday 17:00 – Tuesday 7:00 

6. Tuesday 17:00 – Tuesday 23.58 

7. 7080 are the total amount of minutes as non-used hours. 
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5. RESULTS 

5.1. HEAT LOSSES ACCORDING TO THE THEORY 

The next table represents how the heat losses are distributed using the theoretical procedure 

depending on the different pipe sizes. 

Table 11: Heat losses according to the theory 

Name Length (m) Heat Losses by meter (W/m) Total heat losses (W) 

12-40 87.6 3.9034 341 

15-40 432.7 4.2856 1854 

18-40 291.9 4.6479 1356 

22-40 8.3 5.106 42 

22-60 106.9 4.3413 464 

28-60 217.6 4.8391 1053 

35-60 9 5.3937 48 

42-60 7.5 5.9222 44 

TOTAL 1161.5 - 5205 

 

5.2. HEAT LOSSES ACCORDING TO COMSOL 

If we summarize the heat losses in the total system the heat losses obtained are the following 

according to the different parameter introduced in COMSOL: 

Table 12: Heat losses according to COMSOL 

Name Length (m) Heat Losses by meter (W/m) Heat losses (W) 

12-40 87.6 3.9005 342 

15-40 432.7 4.2778 1851 

18-40 291.9 4.6365 1353 

22-40 8.3 5.0926 42 

22-60 106.9 4.3712 467 

28-60 217.6 4.8734 1061 

35-60 9 5.4284 49 

42-60 7.5 5.9608 45 

TOTAL 1161.5 - 5210 

 

 

5.3. ISOVER WEBPAGE CALCULATIONS 

ISOVER® is an important insulation system provider included piping insulation. Its webpage is 

a good way to corroborate if the theoretical calculations are approximated, according to 

ISOVER the heat losses are the following [39]: 
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Table 13: Heat losses by kind of pipes, according to ISOVER 

Name Length (m) Heat Losses by meter (W/m) Total Losses (W) 

12-40 87.6 4.1 359 

15-40 432.7 4.5 1947 

18-40 291.9 4.9 1430 

22-40 8.3 5.3 44 

22-60 106.9 4.5 481 

28-60 217.6 5.1 1110 

35-60 9 5.6 50 

42-60 7.5 6.2 47 

TOTAL 1161.5  5468 

 

5.4. HEAT LOSSES MEASURED IN BUILDINGS A AND B 

With the calculations in the heat losses explained as the calculation part, applying only to the 

non-user hours and avoiding legionella control hours the average of the heat losses is 5433 W. 

In this case the heat losses cannot be reduced and summarized by pipe size.  
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6. DISCUSSIONS AND ANALYSIS 

In this part, the different procedures to calculate the heat losses are compared. Table 14 

illustrates all the results by size pipe and way of calculation allows comparison to see the 

differences in Watts: 

Table 14: Comparison of loss depending on the procedure 

Pipe size 12.40 15-40 18-40 22-40 22-60 28-60 35-60 42-60 TOTAL 

Theoretical 341.9 1854.4 1356.7 42.4 464.1 1053 48.5 44.4 5205.5 

COMSOL 341.7 1851 1353.4 42.3 467.3 1060.5 48.9 44.7 5209.6 

ISOVER 359.2 1947.2 1430.3 44 481.1 1109.8 50.4 46.5 5468.3 

Measured 

Losses 

- - - - - - - - 5433.5 

 

These different ways to calculate the heat losses give different values that must be compared, 

therefore the ways using the theory, COMSOL or Isover have the following errors from the 

measured losses: 

Table 15: Error between theoretical/numerical procedures and the real losses 

Procedure Losses (W) Error 

Theoretical 5205.5 4,2% 

Comsol 5209.6 4,1% 

Isover 5468.3 -0,64% 

Measured 
Losses 

5433.5 
- 

 

The best idea to quantify these heat losses it is to annualize them or divide them per month so 

they can be compared with the bills. The heat losses by week, month or year are in the next 

table depending on the calculations way: 

Table 16: Heat losses by procedure and timeline 

 Losses 
(W) 

Losses per Week 
(kWh/week) 

Losses per Month 
(kWh/month) 

Losses per Year 
(kWh/year) 

Theoretical 5205.5 874 3748 45600 

Comsol 5209.6 875 3750 45636 

Isover 5468.3 918 3937 47902 

Measured Losses 5433.5 912 3912 47597 

 

Comparing these heat losses during the month of July with the real DH consumption (during 

this month there is no use in five of the six school buildings) there is 12, 2 MWh of consume 

during July 2014 (see Table 3) and 3.7 - 4 MWh of heat losses in the piping system in buildings 

A and B depending on the different ways of calculations. Therefore the heat losses in buildings 

A and B will suppose the 30 -33 % of the DH consume during the month of July in the whole 

Sörbyskolan complex, being these losses an important amount to consider. 
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These heat losses 45-47 MWh/year can be compared with the total DH consumption during the 

last years in Sörbyskolan (Table 3). The DH consumption has been of 888 MWh in 2012, 924 

MWh in 2013 and 881 MWh in 2014, therefore the heat losses in the domestic hot water 

network only in buildings A and B represent around 5% of the DH consumption. 

The DH price in Gävle is around 73.7 öre/KWh[44]. Heat losses in buildings A and B with 

these prices affect to the DH bill in these different amounts, depending on the calculations: 

𝐷𝐻𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 = 0.737 
𝐾𝑟

𝐾𝑊ℎ
∗ 45600 

𝐾𝑊ℎ

𝑦𝑒𝑎𝑟
= 33607 

𝐾𝑟

𝑦𝑒𝑎𝑟
 

𝐷𝐻𝐶𝑜𝑚𝑠𝑜𝑙 = 0.737 
𝐾𝑟

𝐾𝑊ℎ
∗ 45636 

𝐾𝑊ℎ

𝑦𝑒𝑎𝑟
= 33634 

𝐾𝑟

𝑦𝑒𝑎𝑟
 

𝐷𝐻𝐼𝑠𝑜𝑣𝑒𝑟 = 0.737 
𝐾𝑟

𝐾𝑊ℎ
∗ 47902 

𝐾𝑊ℎ

𝑦𝑒𝑎𝑟
= 35304 

𝐾𝑟

𝑦𝑒𝑎𝑟
 

𝐷𝐻𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐿𝑜𝑠𝑠𝑒𝑠 = 0.737 
𝐾𝑟

𝐾𝑊ℎ
∗ 47597 

𝐾𝑊ℎ

𝑦𝑒𝑎𝑟
= 35079 

𝐾𝑟

𝑦𝑒𝑎𝑟
 

The heat losses are, therefore, a high amount to consider if the system must be changed or 

modified. 

 All the insulation thicknesses with 60mm 

The piping system will have the next summarize in length by group and also the heat losses are 

calculated by procedure: 

Table 17: Heat losses by procedure with 60 mm insulation thickness 

Name Length 

(m) 

HL by 

Theory 

(W/m) 

HL by 

COMSOL 

(W/m) 

HL by 

ISOVER 

(W/m) 

HL by 

Theory 

(W) 

HL by 

COMSOL 

(W) 

HL by 

ISOVER 

(W) 

12-60 87.6 3.4379 3.4831 3.6 301 305 315 

15-60 432.7 3.7124 3.7382 3.9 1606 1618 1688 

18-60 291.9 3.9921 4.0132 4.4 1165 1171 1284 

22-60 115,2 4.3413 4.3712 4.5 500 504 518 

28-60 217.6 4.8391 4.8734 5.1 1053 1060 1110 

35-60 9 5.3937 5.4284 5.6 49 49 50 

42-60 7.5 5.9222 5.9608 6.2 44 45 47 

TOTAL 1161.5 - - - 4719 4752 5012 

 

If these values are compared with the original heat losses, the heat losses have the next 

decreases: 
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Table 18: Savings by procedure with 60 mm insulation thickness 

Procedure 
Original 

HL  (W) 

HL 60mm 

(W) 
Savings 

COMSOL 5205 4719 9.34% 

THEORY 
5210 4752 8.79% 

ISOVER 
5468 5012 8.34% 

 

The heat losses that represented 33,000 – 35,000 kr/year with insulation would reduce to 30,000 

-32,000 kr/year, saving around 3000 kr/year. 

The 20 mm thickness insulation (increase from 40 to 60 mm) has a price of 140 kr per meter of 

pipe depending on the copper size (by AHLSELL). [45]
 

The total length to change the insulation is 87.6 + 432.7 + 291.9 + 8.3 = 820.5 meters. 

The manual “Wikells. Sektionsfakta® - VVS”[46] can be used to know the labor costs and 

another tools/devices used to attach the insulation to the pipes: 

The labor costs are 174 kr/hour and to install 1 meter the workers will use 0.1 hours, totally for 

820.5 meters is 82 hours. The working hours will represent 14268 kr. But the overhead costs for 

the workers (292%) and the extra cost on subcontract (8%) will add a 300% to this price. 

Table 19: Investment cost by concept for 60 mm insulation thickness 

Concept Cost 

Workers hours (0.1 hours/m  820.5m) 14268 kr 

Material cost (140 kr/m per 820.5m) 114870 kr 

Worker taxes (292%) 41662 kr 

Subcontract (8%) 1141 kr 

TOTAL without inflation and taxes 171941 kr 

Total with Swedish taxes (25%) 195547 kr 

  

The prices from 2012 to 2015 do not have a big inflation, varying from -0.2 or +0.2 [47] being 

possible to obviate it. 

The total cost of insulating the uninsulated pipes will have a price of 195547 kr, 60 times the 

annual savings; in this way it is not worthy to change the insulation thickness for the pipes with 

40mm thickness insulation. 

 

 Reduce the return temperature to 52 ºC (limit temperature to avoid legionella) 

The idea is to reduce the heat losses with lower temperatures through the piping system, the 

supply temperature will be 57ºC and the return 52ºC, being the average 54.5ºC. In this case the 

heat losses are calculated with the theoretical formulas: 
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Table 20: Theoretical Heat Losses decreasing the DHW temperature 

Name HL (W/m) 

59.5ºC 

HL (W/m) 

54.5ºC 

Savings 

(%) 

12-0 14,9 12,3 17,7% 

15-0 17,9 14,7 17,9% 

16-0 18,9 15,5 17,6% 

22-0 24,4 20,1 17,8% 

12-40 3,9 3,3 14,7% 

15-40 4,3 3,6 14,7% 

18-40 4,6 3,9 14,8% 

22-40 5,1 4,3 14,7% 

22-60 4,3 3,7 14,6% 

28-60 4,8 4,1 14,6% 

35-60 5,4 4,6 14,7% 

42-60 5,9 5,0 14,7% 

TOTAL 5047 W 4251 W 15,9% 
 

These savings represent 5000 – 5500 kr/year in the DH consumption for building A with no 

investment costs.  

 Electricity costs for the pump power 

Another aspect to consider about the circulation system that must be working 24 hours a day, 

365 days a year is the electricity consumption from the pump circulator: 

The pump used in the circulation is a Wilo-TOP-Z 30/7 (3~400 V, PN 10, RG) [48], observed in 

the figure below: 

 

Figure 40: Pump circulation Wilo- TOP- Z 30/7 [49] 

The electricity prices can be searched in nisholgersson.nu webpage where are found divided by 

municipality [50]. These prices are without taxes, but the taxes can be searched in svenska 

energi webpage [51]. 

Therefore, the electricity price in Gävle is 115 öre/kWh. The pump catalogue says that the pump 

power can be 80, 105 or 155 W, but the pump is working in the larger speed, 155 W. 
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The pump is working totally 8,760 hours per year (every hour), thus the total annual 

consumption will be 1357.8 KWh/year.  

The electricity consumption in Sörbyskolan in the last years was 482 MWh in 2012, 447 MWh 

in 2013 and 427 MWh in 2015. Comparing the pump annual consumption with these values the 

pump consumption in buildings A and B represents around 0.3% of the electricity annual 

consumption in the whole school. 

The total annual cost by running the pump in buildings A and B every hour will be (with 2015 

electricity prices [50]) a total of 1567 kr/year. 

It must be commented after the results and analyze the next points: 

- The theory model and COMSOL model give same results, this corroborates that both 

models use the same formulas and procedures to calculate the heat losses in the pipes. 

- Isover gives higher losses, the calculations in ISOVER are out of our control and how 

actually they work, but this deviation may be due to the next: 

o Increased heat conductivity due to higher temperatures, due to the increase of 

long wave radiation between fibers.  

o Maybe the program contains extra loss terms for non-insulated components, 

such as valves, bends, pipe, fasteners. 

- The pump supplies some heat to the water, this heat is not accounted in the models. 

- Problems with flow measurements due to pipe dimensions (1% error will produce 3% 

error in the flow), leakages in the flow, bad location to attach thermostats to the pipes. 

- There are some elbows and bends not fully insulated that can produce extra heat losses. 

- The cold water that it is used as supply will not have the same temperature in the 

measurements period as in winter. 

- The annual calculations are made with a constant ambient temperature inside the 

building of 25ºC that can have small variations between different seasons. 
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7. CONCLUSION 

 

The heat losses are due to the necessary circulation of hot water, even in periods without 

activities in Sörbyskolan. The only reason to maintain the flow during these periods is to avoid 

legionella growth in the piping system that can represent a real problem for the health of the hot 

water users in the building. Legionella can grow easily between 20 and 45ºC and this 

temperature range must be avoided, over 52ºC Legionella does not multiply but the system 

works with a minimum safety temperature of 57ºC 

Legionella is, then, an important problem not only for health, it is an economic problem that 

affects to the total energy cost of public or residential buildings and to the efficiency of the hot 

water supplies for these buildings. Many owners of large buildings, such Sörbyskolan, obviate 

the importance of these heat losses that affect the energy systems and the energy consumption 

bills. 

The heat losses due to the hot water circulation in buildings A and B cause 5% of heat 

consumption in the whole school annually and 30% of heat consumption in holiday months as 

July. On the other hand the circulation pump in building A also represents the 0.3% of the 

electricity annual consumption in Sörbyskolan.  

Leaving percentages and talking about economic numbers the annual cost for the domestic hot 

water circulation in building A represents a total of 33000 – 36000 kr/year including heat losses 

and pump electricity consumption. The options in the system to improve it are: 

1. Reduce the domestic hot water circulation temperature in 5ºC, being this value the 

maximum to avoid legionella problems. This change can save around 5,000 kr/year. 

2. Improve the insulation thickness in the pipes with only 40 mm of insulation, but as it is 

shown in the calculations, these improvements are very expensive compare with the 

savings that can be achieved. 

After all the observations and calculations made in this study the important conclusion is that 

the main problem for the heat losses in Building A and B and in general in Sörbyskolan is the 

necessary circulation of domestic hot water to prevent legionella growth in the system. These 

heat losses are a very important problem in large buildings as hotels, schools or other public 

buildings and this problem must be studied for a more efficient system. [52] 

In order to obtain DHW system with good efficiency several things must be considered whether 

new or old systems. 

 Is possible to run the domestic hot water circulation only certain hours a day? Should 

the circulation flow be the same in holidays as in working hours? 

 The total hot and circulation pipes length (more than 1200 meters) is huge compared 

with the building perimeter (250 meters). Could be reduced this number to a lower 

number of meters/pipes? Can be reduced the number of taps/faucets in the school or 

relocated to reduce the pipe length? 

 Is there a possibility to co-insulate the pipes (VV and VVC) together? The idea is to 

reduce the heat losses by both networks.  

All these system improvements must be considered to build new buildings in Sörbyskolan or 

remodel the existing ones. These improvements are difficult to quantify, as how many 

taps/faucets they need or the co-insulation where two different temperatures focus are in the 

same pipe, but the benefits of these new ideas will be very clear. 
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