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ABSTRACT 

The aim of the project is to analyze the enlargement of the district heating line 

located in Gävle, evaluating the hydraulic facilities and calculating the heat losses 

with different insulation thicknesses to choose the best insulation thickness for 

the pipes. To choose the best thickness, different insulation thicknesses have 

been evaluated calculating the heat losses for each insulation thickness. To 

manage the heat losses problem, the pipe length has been divided into three 

stretches, underground pipe, sea pipe and air pipe. These three stretches have 

different boundary conditions, and each stretch has been calculated separately. 

The best thermal solution is choosing the insulation of 0.5m of thickness, but the 

best thermal solution is not the best solution for this project due to the elevated 

cost of this thickness in one of the stretches of the line. The pipe crossing the sea 

has to be on the bottom and to keep the pipe on the bottom concrete is going to 

be added. The quantity of concrete needed depends on the floatability of the pipe 

and specifically depends on the insulation thickness. The insulation is a porous 

material and its density is very small, therefore it has a high floatability. The final 

selection is a multi-thickness insulation, with different insulation thicknesses in 

the different stretches, 0.6m of thickness in the underground and air pipe and 

0.3m of thickness in the sea pipe. With this configuration the heat losses are 

quite close to the optimum case. 

The purpose in the hydraulic study has been quantifying the start pressure in the 

new line to fulfil the energy demand in the worst point of the line. With 320kPa at 

the start of line, the pressure in the worst point is enough to fulfil the nowadays 

demand, 3MW, and in the future when this line will be enlarged and the demand 

increased to 20MW, the pressure at the start of the line to ensure the requested 

pressure of 250kPa in the worst point should reach more than 380kPa. Having 

such pressure is not recommended to avoid the pressure hammer and to build a 

new pumping station after the sea pipe is recommended. 
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1 INTRODUCTION 

Nowadays, the use of fossil fuels for heating is getting more and more expensive. Some 

companies and building communities have decided to change their heat systems powered 

by fossil fuels to district heating. 

In this project a fuel storage plant has been studied. This fuel storage is composed by 

more than 60 deposits of different fuels: diesel, ethanol, gasoline, liquid gas, chemical 

products, etc…  The fuel deposits have different owner and the insulation of deposits is 

different depending on the material that they are storing. This storage is the biggest 

storage of fuel of the north part of Sweden. The aim of this kind of fuel storage is having 

reserves of fuel to provide fuel to airports, fuel stations, companies and houses. Every 

country has to have reserves of fuel for 90 days, and this fuel is storage in this kind of fuel 

storage. The extension of this storage is round 2 km2, and it is located in a place 

separated from the city by the sea, the security in the fuel storage is very high. The fuel 

storage has a big harbour where the big cargo boats moor. Then the fuel is sent to the 

deposits by pipes. 

 

Some of these deposits must be at 60ºC to keep optimum the fuel properties, so they 

have to be warmed by heat systems, at this moment the heat supply is provided by oil 

boilers, and this method is very inefficient, thus the waste is very high. 

Figure 1 Image taken from the CAD file created by Sweco 
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With the purpose to save energy and money and being more environmental friendly, the 

decision of changing from oil boilers to district heating has been taken. 

To get the energy from the district heating line of the city, a new big network of pipes has 

to be built. This new network will be connected to the main pipe of the city network. The 

new pipes net will have to cross the sea to arrive to the fuel storage plant. These pipes will 

be in three different environments, underground, sea water and air.        

In the first stretch of the pipes they will be 0.5 meter underground. In the second part the 

pipes will cross the sea, on the bottom of it, and in the last part the pipes are 6 meter over 

the surface. The total length of the main pipe of the new network is around 2850meter. 

1.1 AIM 

This project has two different parts. The first part is to calculate the heat losses and 

evaluate the best insulation thickness for the project. The best insulation thickness would 

be the thickness that saves energy as much as possible at minimum cost. And the second 

part has been to analyze the hydraulic situation of the pipes, evaluating the diameter and 

evaluating the pressure in the different points. Both situations have studied for the present 

and the future. 

1.2 SITUATION 

The fuel storage plant is situated in the bay 

of Gävle. This situation is a strategic 

situation in Sweden, because Gävle is a city 

in the middle of Sweden and if the coasts of 

Nordic countries are observed, it is possible 

to notice that the coast is full of small 

islands. The big cargo boats have big 

problems to cross these islands, and it 

takes too much time to cross all the islands. 

But the location of Gävle is in a place of 

Sweden where the coast is open sea, and 

the big cargo boats have not many 

problems to arrive to the harbour.    Figure 2 Map of the Nordic countries 
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The cargo boats have a big draught and they need big deeps to navigate, in the places 

that are full of islands the deep is small and they need to manoeuvre a lot of times. In the 

manoeuvres, the boats spend a lot of time, for instance, in Stockholm, the national capital 

of Sweden, the big boats spend more than 5 hours to reach the open sea. 

 

These kinds of storage must have very accessible location. And they have to be in a 

secure place, far away from city population. In the case of this storage plant, the storage 

is separated from the city by the sea and the distance between the city and the storage is 

round 3km. 

1.3 DISTRICT HEATING 

District heating is a system for distributing heat generated in a centralized location for 

residential, industrial and commercial heating requirements such as space heating and 

water heating. The heat is often obtained from a cogeneration plant burning fossil fuels 

but increasingly biomass, although heat-only boiler stations, geothermal heating and 

central solar heating are also used. District heating plants can provide higher efficiencies 

and better pollution control than localized boilers. 

1.3.1 Heat generation 

The central element of a district heating system is usually a cogeneration plant (also 

called combined heat and power, CHP) or a heat only boiler station. Both have in common 

that they are typically based on combustion of primary energy carriers.  

Figure 3 Gärstad Garbage Incineration Cogeneration Plant in Linköping (Sweden). In this 
energy plant 350.000 tones of sorted waste a year are tran sformed into district heating 

and electricity in four boilers. This energy plants produces 1000GW h per year 
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The difference between the two systems is that, in a cogeneration plant, heat and 

electricity are generated simultaneously, whereas in heat-only boiler stations, only heat is 

generated. The combination of cogeneration and district heating is very energy efficient. A 

thermal power station which generates only electricity can convert less than approximately 

50 % of the fuel input into electricity. The major part of the energy is wasted in form of 

heat and dissipated to the environment. A cogeneration plant recovers that heat and can 

reach total energy efficiency beyond 90%. Combined heat and Power -CHP allows to use 

the fuel at the most efficient way by producing as much electrical power as possible and 

using the remaining heat efficiently. This results in lowest possible energy losses.  CHP 

allows the application of low quality fuels such as biomass and municipal wastes. 

 

Other heat sources for district heating systems can be geothermal heat, solar power, 

surplus heat from industrial processes, and nuclear power. 

Nuclear energy has been suggested to be used for district heating. The principals for a 

conventional combination of cogeneration and district heating 

applies the same for nuclear as it does for any Thermal 

power station. One use of nuclear heat generation was with 

the Agesta nuclear power plant in Sweden. 

 

1.3.2 Heat distribution 

After generation, the heat is distributed to the customer via a 

network of insulated pipes. District heating systems consists 

of feed and return lines. Usually the pipes are installed 

underground but there are also systems with over ground 

pipes. Within the system heat storages may be installed to 

even out peak load demands. 

 

The common medium used for heat distribution is water, but 

also steam is used. The advantage of steam is that in 

addition to heating purposes it can be used in industrial 

processes due to its higher temperature. The disadvantage 

of steam is a higher heat loss due to the high temperature. 

Also, the thermal efficiency of cogeneration plants is 
Figure 4 District heating 

pipes 
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significantly lower if the cooling medium is high temperature steam, causing smaller 

electric power generation. 

 

At customer level the heat network is connected to the central heating of the dwellings by 

heat exchangers (heat substations). The water (or the steam) used in the district heating 

system is not mixed with the water of the central heating system of the dwelling. 

For the Sweden district heating systems the yearly heat losses from distribution are about 

7-10% of the total heat generated, in this project the heat losses calculations are done for 

the forward and return main pipes and the heat losses are much smaller than 10% 

1.3.3 The pros and cons 

District heating has various advantages compared to individual heating systems. Usually 

district heating is more energy efficient, due to simultaneous production of heat and 

electricity in combined heat and power generation plants. The larger combustion units 

also have a more advanced flue gas cleaning than single boiler systems. In the case of 

surplus heat from industries, district heating systems do not use additional fuel because 

they use heat (termed heat recovery) which would be disbursed to the environment. 

District heating is a long-term commitment that fits poorly with a focus on short-term 

returns on investment. Benefits to the community include avoided costs of energy, through 

the use of surplus and wasted heat energy, and reduced investment in individual 

household or building heating equipment. District heating network, heat-only boiler 

stations, and cogeneration plants require high initial capital expenditure and financing. 

Only if considered as long-term investments these may translate into profitable operations 

for the owners of district heating systems, or combined heat and power plant operators. 

District heating is less attractive for areas with low population densities, as the investment 

per household is considerably higher. 

 

The use of district heating in the fuel storage plant is not the most common use of district 

heating. In the fuel storage plant the temperature of the return pipe is much higher than 

the normal return temperature, the fuels has to be at 60ºC and the water returns at 60 or 

61ºC. In the common cases, (the use in the houses) 45-50ºC is the return temperature. 

This is not good for the heat suppliers, because for them is more expensive to warm the 

water from 60 to 80ºC than from 50º to 70ºC, in both cases the increased energy is the 
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same. The storage plant has to pay an extra fee for the MWh of heat to compensate the 

inconvenient return temperature.  

1.3.4 How the net is operated 

In the district heating, heat comes from a co-generation plant, or from a solar energy plant 

or from the residual heat of the industry and is loaded to an accumulator and directly to 

the net. The heat is supply in the supply pipe and distributed to all substations of the 

customers which are connected in parallel between the supply pipe and the return pipe. 

The pressure of the water in the pipes drops because of the friction in the pipes, the 

pressure losses are proportional to the water flow at square. Therefore, the pressure 

difference is measured at a distant point away from the plant. If the pressure is too small, 

the pump is ordered to deliver a higher pressure.  

The control valves in the substations control the flow to each load and the temperature 

sensors at the costumer demand the right amount of flow in order to heat the water to the 

desired temperature.  

1.3.5 Heat balance in district heating systems 

• Production losses are between 8-12% 
• Distribution heat losses 10% 
• Customer losses 5-10% 
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Figure 5 Heat balance in the total net of district heating 
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In the project only the heat losses in the main pipe are evaluated, but the conclusions 

achieved for the main pipe can be extrapolated to the secondary pipes. So the results 

given in this report are not for the whole district heating network, but for the main pipe. 

1.3.6 District heating market 

The customers of the district heating are different, but the most energy demand comes 

from the houses. 

 

Different use of district heating in Sweden - 
procent of 48 TWh
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Figure 6 District heating use of district heating in Sweden 

  

The fuels to produce the heat are different but always the cheapest and environmental    

friendlier are used first, and only in the highest demand the fossil fuels are used. 

 

In the heat load profile, the heat pump and the waste heat are in bottom, they are almost 

used the whole year. Then the fuels not coming from fossil fuels are used all year except 

the summer time. Fossil fuels are more expensive and therefore they are chosen for 

topping winter time.  
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Figure 7 Different fuels used for district heating 
 

For a better understanding, an example of district heating load profile is shown. 

 

Monthly load profile for a typical district heating  
plant - 200 MW
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Figure 8 Example of load profile 

 

As it is said before the oil is only used in the winter time, and the heat pump is the 

cheapest and the most recommendable environmental solution for the district heating, and 

therefore it is used in the whole year.   
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2 METHOD 

As it is said before, the project is divided into two clearly distinct parts. The first part is 

about heat transfer and the second part is about pressure study. These two parts will be 

analyzed separately for a better understanding of the problem.  

2.1 HEAT TRANSFER  

The first step is identifying the different thermal phenomena that appear in the system. 

The district heating line goes inside different environment like the underground, sea and 

the air. In these three different environments the district heating pipes are exposed to 

different thermal phenomena. The water that is going inside can be analyzed in the same 

way for all the circuit, but the external effects are different in these three mentioned 

environments. So, the different problems that have to be studied to solve the problem are 

internal flow, one dimensional steady-state conduction, external flow, free convection and 

radiation. 

2.1.1 Internal flow 

Our objectives are to develop an appreciation for the physical phenomena associated with 

internal flow and to obtain convection coefficients for flow conditions of practical 

importance. We begin by considering velocity (hydrodynamic) effects pertinent to internal 

flows, focusing on certain unique features of boundary layer development. Thermal 

boundary layer effects are considered next, and an overall energy balance is applied to 

determine fluid temperature variations in the flow direction. Finally, correlations for 

estimating the convection heat transfer coefficients are presented for a variety of internal 

flow conditions. 

2.1.1.1 Laminar or turbulent flow 

An essential firs step in the treatment of any convection problem is to determine whether 

the boundary layer is laminar or turbulent. The convection transfer rates depend strongly 

on which of these conditions exists. 

 

The Reynolds number determines if the fluid is a laminar fluid or turbulent fluid depending 

on its number.If the Reynolds number is smaller than 2300, the fluid is laminar.If the 
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Reynolds number is between 2300 and 10000 the fluid is mixed between laminar and 

turbulent.If the Reynolds number is bigger than 10000, the fluid is turbulent. 

 

 

Combining these two following formulas it is possible to get the next formula. In this 

project is better work with the average velocity, so it is better to use the next formula for 

calculating the Reynolds number. 

 

 

So, the Reynolds number is determined by the mass flow, the diameter of the pipe, the pi 

number and the internal water viscosity. 

 

Laminar flow, sometimes known as streamline flow, occurs when a fluid flows in parallel 

layers, with no disruption between the layers. In fluid dynamics, laminar flow is a flow 

regime characterized by high momentum diffusion, low momentum convection, pressure 

and velocity independent from time. It is the opposite of turbulent flow. 

 

Turbulent flow is a fluid regime characterized by chaotic, stochastic property changes. 

This includes low momentum diffusion, high momentum convection, and rapid variation of 

pressure and velocity in space and time. 

2.1.1.2 Flow conditions 

We know that when the fluid makes contact with the surface, viscous effects become 

important, and a boundary layer develops with increasing of the length. This development 

occurs at the expense of a shrinking inviscid flow region and concludes with boundary 

layer merger at the centreline. Following this merger, viscous effects extend over the 

entire cross section and the velocity profile no longer changes with the increasing of the 

length. The flow is then said to be fully developed, and the distance from the entrance at 

which this condition is achieved is termed the hydrodynamic entry length, xfd,h.  

Formula 2  Formula 1 

Formula 3 
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As it is shown tin the figure 1, the fully developed velocity profile is parabolic for laminar 

flow in a circular tube. For turbulent flow, the profile is flatter due to turbulent mixing in the 

radial direction. 

 

In this project as in the most cases of internal flow the fluid inside the pipe is turbulent, 

and in our case is highly turbulent. For the purposes of this project, it is possible to 

assume fully developed turbulent flow for (x/D)>10, so it is assumed that in the entire pipe 

the fluid is fully developed. 

2.1.1.3 Convection correlations: Turbulent flow in circular tubes 

Since the analysis of turbulent flow conditions is a good deal more involved, greater 

emphasis is placed on determining empirical correlations. A classical expression for 

computing the local Nusselt number for fully developed (hydrodynamically and thermally) 

turbulent flow in a smooth circular tube. 

 

The most used correlations is the Dittus-Boelter equation, furthermore is one of the most 

exact correlations, this correlations can be applied when the turbulent flow is in fully 

developed region. 

 

Where n=0.4 for heating (Ts>Tm) and 0.3 for cooling (Ts<Tm). These equation have been 

confirmed experimentally for the range of conditions. 

Figure 9: Laminar, hydrodynamic boundary layer development in a cir cular tube. 

Formula  4 
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The equation may be used for small to moderate temperature differences, Ts-Tm with all 

properties evaluated at Tm. For flows characterized by large property variations, the 

Sieder and Tate equation is recommended, in the case of our pipes system, the internal 

fluid properties are invariable, so the most recommended equation is the correlation of 

Dittus-Boelter.   

 

Once achieved the Nusselt number the next step is getting the convection coefficient 

factor”h” (W/m2) for the internal system. The following formula is necessary to use. 

 

Where, k is the water thermal conductivity, D is the diameter of the pipe and Nu is the 

Nusselt number. 

The internal convection coefficient factor will be the average convection factor for the 

length that is going to be studied; in our system it is going to be 50m. 

2.1.2 One dimensional steady state conduction 

In the pipe system, all the length of the pipes is covered by insulation and in the first part 

of this new district heating line, the pipes are underground, so for this reason the steady 

state conductions is the most common thermal phenomenon in the heat losses part of this 

project. 

The term “one-dimensional” refers to the fact that only one coordinates is needed to 

describe the spatial variation of the dependent variables. Hence, in a one-dimensional 

system, temperature gradients exist along only a single coordinate direction, and heat 

transfer occurs exclusively in that direction. The system is characterized bye steady-state 

conditions if the temperature at each point is independent of the time. 

The objective is to determine expressions for the temperature distribution and heat 

transfer rate in different geometries, in our system planar and cylindrical geometries. 

For such geometries, an additional objective is to introduce the concept of thermal 

resistance and to show how thermal circuits may be used model heat flow. 

Formula 5 
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2.1.2.1 Planar geometry 

At this point we note that, for the special case of one-dimensional heat transfer with no 

internal energy generation and with constant properties, a very important concept is 

suggested (look to the next equation). In particular, there exist an analogy between the 

diffusion of heat and electrical charge. Just a thermal resistance may be associated with 

the conduction of heat. Defining resistance as the ratio of a driving potential to the 

corresponding transfer rate it follows the next equation. The thermal resistance for 

conduction in a plane wall is: 

 
Figure 10 

 

 

Where, k represents the thermal conductivity of the material, L is the thickness of the 

material (land) and A is the area of the system that is being studied. 

In the pipe system the planar geometry is used to solve the problem of the underground 

pipes. Here the pipes are 0.5m below the surface (the external insulation surface is 0.5 m 

Formula 6 



Javier Sánchez Castaño  District Heating 

 

 22 

below the grown surface). To solve the problem with radial conduction is terribly difficult, 

because the radio is different in all the points of the pipes, as it is possible to check in the 

next picture (the geometry of the ground is planar and the geometry of the pipes is 

cylindrical). 

 

 

To simplify this complex problem, the shade 

factor for bi-dimensional problems has been 

used. 

 

 
               Formula 7 Shade factor 
      
 

In this new case, the conduction in the 

insulation thickness is radial and then the 

conduction is planar. 

The thermal resistance is calculated combining the shade factor and the thermal 

conductivity. 

 

 

 

Figure 11 Real situation of the pipes  

Figure 12 The approximation for solving the 
problem 

Formula 8 Thermal resistance  
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2.1.2.2 Radial geometry 

Cylindrical systems often experience temperature gradients in the radial direction only and 

may therefore be treated as one dimensional. In the district heating line the radial 

conduction is not only inside the insulation it is also inside the pipe thickness.  

In our district heating line the inner and outer surface are exposed to fluids at different 

temperatures.  

 

 
Figure 13: Hollow cylinder with convective surface conditions 

 

The conduction heat transfer rate is a constant in the radial direction. So it is possible to 

determine the temperature distribution in the cylinder solving the next equation. 

Note that the temperature distribution associated with radial conduction through a 

cylindrical wall is logarithmic, not linear, as it is for the plane wall under the same 

conditions. For radial conduction in a cylindrical wall, the thermal resistance is of the form: 

Where, r2 and r1 are the radios that determine the thickness of the conduction, L is the 

length that is studying and k in the thermal conductivity. 

Formul a 9 

Formula 10 
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In many cases there are different materials in the radial direction, and the thermal 

conductivity is different and this formula can not be applied directly, in our case there are 

different material in radial direction, the steel of the pipe and the insulation material. 

 

 

Figure 14: Temperature distribution for a composite cylindrical wal l 
 

2.1.3 External flow 

Our primary objective is to determine convection coefficients for different flow geometries, 

planar and cylindrical. In particular, we wish to obtain specific forms of the functions that 

represent these coefficients. 

The external flow appears in all the pipes length, it appears with different fluids like sea 

water and air. 

2.1.3.1 The plate in parallel flow 

The firs step to solve the problem of the parallel flow is determining the fluid conditions, it 

is necessary to determine if the flow is laminar or turbulent. To evaluate the fluid the 

Reynolds formula is necessary to use. 
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Where u∞ is the air velocity, x is the length of the plate and ν is the cinematic viscosity of 

the air. 

For Reynolds number bigger than 100.000 the fluid is completely turbulent, this is the 

most common case for big lengths of plate. For Reynolds number less than 100000, it has 

to be considering like laminar or mixed flow. In our case the x depends on the direction of 

the air, but for the different directions the flow is always turbulent, with a Reynolds number 

much bigger than 100.000. It is possible to consider that in the whole plate the conditions 

are turbulent; the initial laminar region is very small comparing to the whole plate. 

 

 

 The boundary layer 

thickness δ is determined 

by the next formula: 

 

 

The next step is calculating 

the Nusselt number, to evaluate this number the correlation of local convection for 

turbulent flow is necessary to use. 

 

 

Where Rex is the Reynolds number and Pr is the Prandt number, the Prand number is 

possible to evaluate with the table of air properties, taken from incropera. 

With the Nusselt number it is possible getting the convection coefficient to evaluate the 

thermal resistance for the external flow in a parallel plate. 

Formula 11 

Formula 12 

Figure 15 

Formula 13 

Formula 14 
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Where, x is the length of the plate and k is the thermal resistance of the air. Once the 

convection coefficient is gotten, the thermal resistance for the external flow is easy to 

calculate. 

2.1.3.2 The cylinder in cross flow 

The firs step to solve the problem of the cylinder in cross flow is determining the fluid 

conditions, it is necessary to determine if the flow is laminar or turbulent. For the  

circular cylinder the characteristic length is the diameter, and the Reynolds number is 

defined as:  

 
Figure 16 Boundary layer formation and separation on a circular cyl inder in cross flow 

 

The occurrence of boundary layer transition, which depends on the Reynolds number, 

strongly influences the position of the separation point. Since the momentum of fluid in a 

turbulent boundary layer is larger than in the laminar boundary layer, it is reasonable to 

expect transition to delay the occurrence of separation. If Reynolds number is smaller 

than 200.000 the boundary layer remains laminar, and separation occurs at θ=80º. 

However, if Reynolds number is bigger than 200.000, boundary layer transition occurs, 

and separation is delayed to θ=140º. 

 

Formula 15 

Formula 16 
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Once the Reynolds number is calculated the next step is evaluate the Nusselt number, to 

evaluate the Nusselt number different correlations are available. 

 

The first correlation is due to Hilpert, this correlation is widely used for Pr≥0.7, where the 

constants C and m are listed in table 1. 

 

 

 

Other correlations have been suggested for the circular cylinder in cross flow. The 

correlation due to Zukauskas is of the form: 

 

 

Where are properties are evaluated at T∞, except Prs, which is evaluated at Ts. Values of 

C and m are listed in the table. If Pr≤10, n=0.37; if Pr≥10, n=0.36.  

 

Churchill and Bernstein have proposed a single comprehensive equation that covers the 

entire range of ReD for which data are available, as well as a wide range of Pr. The 

equation is recommended for all ReDPr≥0.2. 

 

Formula 17 

Table 1 Constants of formula 17 

Formula 18 

Table 2 Constants of formula 18 

Formula 19 
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Where, all the properties are evaluated at the film temperature. This formula has been 

selected to evaluate the Nusselt number for cylinder in cross flow in our problem of pipes, 

this formulas has been selected because it is valid for the entire range of ReD. 

The difference in the Nusselt number using these three different formulas is not very big, 

but it is necessary to say that each correlations is reasonable over a certain range of 

conditions, but for most engineering calculations one should not expect accuracy to much 

better than 20%. 

The next step is determining the convection coefficient factor. 

 

Where, D is the diameter and k is the thermal resistance of the external fluid. In the air 

pipe the external fluid would be the air, in the sea pipe the external fluid would be the sea 

water.  

  

2.1.4 Free convection 

We consider situations for which there is no forced velocity, yet convection current exist 

within the fluid. Such situations are referred to as free or natural convection, and they 

originate when a body force acts on a fluid in which there are density gradients. The net 

effect is a buoyancy force, which induces free convection current. 

In our case, the common case, the density gradient is due to a temperature gradient, and 

the body force is due to the gravitational field. The convection transfer rates for the free 

convection are smaller than the convection transfer rates for convection with external flow. 

 

2.1.4.1 Horizontal plates 

When the plate is parallel with respect to gravity, the buoyancy force has a component 

normal to the plate surface, there is a reduction in fluid velocities along the plate, and one 

might expect there to be an attendant reduction in convection heat transfer if the 

horizontal plate case is compared to vertical plates or convection with external flow. 

As it is possible to see in the next figure, if the plate is cooled, the three dimensional flow 

is now associated with the upper surface, from which parcels of warm fluid are 

discharged. 

Formula 20 
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In the free convection is necessary achieving the Rayleigh number, this number is 

necessary for solving the formula of Nusselt. 

 

 

Where, L is the characteristic length of the geometry, g is the gravity, β is the thermal 

expansion coefficient of the air, Ts in the external temperature of the plate, ν is the 

cinematic viscosity of the air and α is the thermal diffusivity of the air. Note that all 

properties are evaluated at film temperature. Tf=(Ts+T∞)/2. 

 

The Nusselt number for a hot plate is the next formula, although the formulas depend on 

the Nusselt number.  

 

Once that the the Nusselt number is known, it is possible and easy getting the external 

free convection coefficient. 

 

Figure 17 View of flow at top surface of hot plate 

Formula 21 

Formula 22 

Formula 23 
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2.1.4.2 The long horizontal cylinder 

The first step to solve the problem is calculate the Rayleigh number. 

 

Where, x is the characteristic length of the geometry in the cylinder it is going to be the 

diameter of the pipes, g is the gravity, β is the thermal expansion coefficient of the air, Ts 

in the external temperature of the plate, ν is the cinematic viscosity of the air and α is the 

thermal diffusivity of the air. Note that all properties are evaluated at film temperature. 

Tf=(Ts+T∞)/2. 

For an isothermal cylinder, in our case we can consider that the pipes are isothermal 

because the temperature variation during the length of the pipes is very small. So, for an 

isothermal cylinder Morgan suggests an expression of the form: 

 

 

 

Where C and n are given in the table and RaD and NuD are based on the cylinder 

diameter. In contrast, Churchill and Chu have recommended a single correlation for a 

wide Rayleigh number range: 

 

This last formula has more accuracy, so it has been the selected formula. 

Formula 25 

Table 3  Constants of formula 19 for 
free convection on horizontal 
cylinder 

Formula 26 

Formula 24 
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Figure 18 Boundary layer development and Nusselt number distribution on a heated 

horizontal cylinder 
 

The foregoing correlations provide the average Nusselt number over the entire 

circumference of an isothermal cylinder. As shown in the figure 10 for a heated cylinder, 

local Nusselt numbers are influenced by boundary layer development, which begins at 

θ=0 and concludes at θ<π with formation of a plume ascending from the cylinder. If the 

flow remains laminar over the entire surface, the distribution of the local Nusselt number 

with θ is characterized by a maximum at θ=0 and a monotonic decay with increasing θ. 

This decay would be disrupted at Rayleigh numbers sufficiently large  (RaD>109) to permit 

transition to turbulence within the boundary layer. In our case, the cylinder is cooled 

relative to the ambient fluid, boundary layer development begins at θ=π, the local Nusselt 

number is a maximum at this location, and the plume descends from the cylinder. 

 

After this the next target is calculating the convection coefficient. 

 

Where, D is the diameter and k is the thermal conductivity of the air. 

 

Formula 27 
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2.1.4.3 Choice between forced convection or free co nvection 

Determining if the heat transfer in the external part of the system is by external flow or by 

free convection is another important part of the heat transfer. To determine which 

phenomenon is happening is necessary to use the Grashof number. 

  

Where, x is the characteristic length of the geometry in the cylinder it is going to be the 

diameter of the pipes and for the horizontal plate it is going to be the characteristic length, 

the area divided by the perimeter. Ts in the external temperature of the plate, g is the 

gravity and α is the cinematic viscosity of the air. Note that all properties are evaluated at 

film temperature. Tf=(Ts+T∞)/2. 

 

Once gotten the Grashof number, the next step is compare the Grashof number with 

Reynolds square number. 

If Gr/Re2 <<1 the forced convection is happening instead of free convection. 

If Gr/Re2 >>1 the free convection is happening instead of forced convection. 

In our case, in this project is using average velocities, so it is possible to have on of these 

two phenomena and not evaluate it. 

 

2.1.5 Radiation 

The radiation can be emitted or received, when the radiation is emitted, it means that the 

pipe give energy to the surroundings, to quantify these emissions, it is necessary to know 

the surrounding temperature and the external surface pipe temperature. 

When the radiation is received, generally by the sun, it is necessary to know or quantify 

the radiation coming from the sun. The received radiation can be if the surroundings are 

hotter than the external pipe surface, but it is not our case. 

 

2.1.5.1 Emitted radiation 

The emitted radiation from the pipe is negligible because the surface of the pipes is very 

close to the outside temperature, this fact occurs because the external resistance of the 

thermal resistance circuit is very small comparing to the insulation thermal resistance. 

Formula 28 
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The equation of the heat radiation is the next one: 

 

Where, ε is the emissivity, σ is the constant of the Stefan-Boltzman (σ = 5,67·10-8 

W/m2·K4), Ts is the surface temperature and Talr is the outside temperature, where the 

temperatures are in Kelvins. 

  

2.1.5.2 Received radiation 

It is possible to assume, that all the radiation received by the pipes is the radiation coming 

from the sun, and the pipes that are exposed to this radiation are the pipes of the third 

part of the circuit, the air pipes. The radiation that can be gotten by the underground pipes 

and the pipes on the bottom of the sea is negligible. 

But not all the radiation coming from the sun is going to be received by the pipe. In one 

hand, not all the external surface of the pipes is exposed to the sun radiation, in the other 

hand, it is necessary to quantify the efficiency of the external surface to get energy from 

the sun. And finally, it is very important to quantify the solar hours. So, to evaluate the 

solar radiation the mentioned factors have to be taken into consideration. 

 

2.1.6 Thermal circuit 

The pipes are crossing different environments and for each environment the external 

conditions are completely different, so it is necessary to evaluate each environment 

separately. 

 

2.1.6.1 Underground pipe 

This pipe is in the firs part of the new district line circuit and it is covered by land. The 

pipes are 0.5m underground. The thermal circuit is composed by the internal convection 

resistance, conduction through the steel of the pipe, conduction through the insulation, 

conduction through the land and finally convection.  
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Figure 19Thermal circuit of the underground pipe 

 

The internal convection varies with the mass flow and with the internal temperature, the 

internal temperature changes with the external temperature. When the outside 

temperature is colder, the internal temperature is warmer. The mass flow produce the 

change of the Reynolds number. 

The resistance of steel pipe conduction is the same for all the circuit because the pipe is 

the same in all the circuit. The same occurs for the insulation conduction, the thermal 

coefficient of the insulation does not vary, so these two resistances do not vary. They are 

constant in the whole year. 

The conduction through the land is not the same for the whole year because with the 

temperature, the land properties change. But the variance is very small, and we can 

suppose that the properties do not change. 

The resistance of the external convection is different for all the year because it depends 

on the air properties and these properties change with the temperature. This resistance is 

different if the pipe is under forced convection or under free convection. 

 

2.1.6.2 Sea pipe 

This pipe is in the second part of the new district line circuit and it is in the bottom of the 

sea. The thermal circuit is composed by the internal convection resistance, conduction 

through the steel of the pipe, conduction through the insulation, and convection.  

 
Figure 20 Thermal circuit of the sea pipe 
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The internal convection varies with the mass flow and with the internal temperature, the 

internal temperature changes with the external temperature, when the outside 

temperature is colder the internal temperature is warmer, the mass flow produce the 

change of the Reynolds number. 

The resistance of steel pipe conduction is the same for all the circuit because the pipe is 

the same in all the circuit. The same occurs for the insulation conduction, the thermal 

coefficient of the insulation does not vary, so these two resistances do not vary. They are 

constant in the whole year. 

The resistance of the external convection is different for all the year because it depends 

on the water properties and these properties change with the temperature. 

 

2.1.6.3 Air pipe 

This pipe is in the third and last part of the new district line circuit and it is in the bottom of 

the sea. The thermal circuit is composed by the internal convection resistance, conduction 

through the steel of the pipe, conduction through the insulation, and convection.  

The internal convection varies with the mass flow and with the internal temperature, the 

internal temperature changer with the external temperature, when the outside temperature 

is colder the internal temperature is warmer, the mass flow produce the change of the 

Reynolds number. 

The resistance of steel pipe conduction is the same for all the circuit because the pipe is 

the same in all the circuit. The same occurs for the insulation conduction, the thermal 

coefficient of the insulation does not vary, so these two resistances do not vary. They are 

constant in the whole year. 

The resistance of the external convection is different for all the year because it depends 

on the air properties and these properties change with the temperature. This resistance is 

different if the pipe is under forced convection or under free convection. 

 

Figure 21 Thermal circuit of the air pipe 
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2.1.7 Energy balance 

Making the energy balance is the purpose of the heat transfer part. There are two different 

energy balances. The first energy balance can be called local energy balance and the 

second energy balance can be called total energy balance. 

The first energy balance, local energy balance, it is done every 50 m of the pipe, and it is 

made to evaluate the internal water temperature. 

 

Where, qs’’ is the heat that it is going out, qs’’ varies in the radial direction, in the 

calculations we are working with net values (qs, W instead of W/m2), if the case is for 

cooling, qs’’ is negative, we are in the case of cooling, P is the perimeter of the pipe, x is 

the length studied, in our case 50m, it means that every 50m a new local energy balance 

is going to be done, Cp is the heat capacity of the internal water, the heat capacity 

changes with the temperature, m is the mass flow. The control volume is the volume of 

the pipe in its 50 m, this formula is used with net value of heat. 

With this formula we are evaluating the next temperature with the last temperature. It is 

necessary to know the heat that is going through the pipe. 

So, first it is necessary to calculate the heat flow going out of the pipes, it is going to be 

calculated with the thermal circuit calculated before, as it has been said the thermal circuit 

varies with the pipe, there are different thermal circuits depending on if the pipe is 

underground, in the air or on the bottom of the sea, and if the external phenomena are 

free convection or forced convection the thermal circuit also will change. 

The formula to calculate the heat flow is the next formula.   

 

Where, U is the global heat transfer coefficient, ∆T is the temperature different between 

the internal water and the external air or water depending on which is the situation of the 

water inside the pipe. 

Formula 30 

Formula 31 Formula 32 
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So, once all the local energy balances are done, it is possible to know the drop 

temperature of the internal water. 

Now, once the drop temperature is known, the next step is evaluate how much energy has 

been spent in all the pipes, for this purpose the next formula has been chosen. 

 

Where, the difference of T represents the drop temperature of the internal water between 

the start and the final. 

If we can calculate the heat losses in a smaller control volume, it can be calculated as it is 

possible to see in the next figure. 

 

Formula 33 

Figure 22 Control volume for internal flow in a tube, this case  is for heating but our case 
is for cooling, the difference is in the direction of the heat 
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2.2 PRESSURE STUDY 

The pressure study is another important part of the project, the purpose of the pressure 

study is to determine the requested pressure at the start of our new district heating line to 

satisfy the consumption in all the points of this new line. 

 

2.2.1 Bernoulli’s formula 

To evaluate the pressure in the different demand points the Bernoulli’s formula has been 

used, the Bernoulli formula is the most used formula to evaluate the pressure in the 

different point in hydraulic installation. 

However, due to its simplicity, the Bernoulli equation may not provide an accurate enough 

answer for many situations.  It can certainly provide a first estimate of parameter values. 

In our case the compressibility and unsteady behaviour do not affect representatively the 

results because we are working with water if we were working with another fluid in the gas 

state this formula would not work. So, in our case this formula is quite exact.  

The original form of the Bernoulli equation is: 

 

Where, v is the fluid velocity at a point on a streamline, g is the acceleration due to gravity, 

h is the height of the point above a reference plane, P is the pressure and ρ is the density 

of the fluid. 

As it has been said before, some assumptions have to be taken. The fluid must be 

incompressible, even though pressure varies, the density must remain constant. 

But this formula it is not totally real because there are head losses due to the pipe 

roughness. 

The next formula is based in the Bernoulli’s formula but, in this formula the pressure 

losses due to the friction in the walls of the pipe are included. 

Formula 35 
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Where, γ is the density multiplied by the gravity, and h is the energy supplied by the 

pumps in our case this value is zero, the pumping station is not in the new enlargement of 

the line, hf is the head losses due to the friction with the pipe walls and z1 and z2 are the 

level of the points. 

 

2.2.2 Head losses 

The next problem is to quantify the head losses due to friction. For this purpose there are 

different valid formulas. But one of the most exact formulas is the Darcy-Weisbach 

formula, this formula is quite different to evaluate but its accuracy is very good. 

 

 

 

Where, h is the head loss, L is the pipe length, D is the pipe diameter, V is the average 

velocity, g is the acceleration of gravity and f is a friction factor. 

These formula are equal, the difference between them is the data that are needed to solve 

the formulas. The formula 38 uses the average velocity and the formula 37 uses the flow. 

In our case it was easier work with the average velocity, because our data were the mass 

flows.  

 

The friction factor can be calculated graphically or analytically, calculating it graphically is 

very easy, the Moody abacus is the way to calculate, the only requisite is to know the 

Reynolds number and the relative roughness coefficient. 

Where, the relative roughness coefficient is calculated dividing the total roughness by the 

diameter of the pipe. 

Formula 38 Formula 37 

Figure 23 Moody abacus  
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The analytic results can be gotten using the next different formulas, each formula is for a 

special range of relative roughness, big relative roughness, medium relative roughness 

and small relative roughness. 

 

For big relative roughness pipe (εr bigger than 0.004) the Von-karman formula is the used 

formula. 

 
Formula 40 

 

For medium relative roughness pipe (εr between 0.004 and 0.0001) the PSAK formula is 

the used formula. 

 
Formula 41 

 

For small relative roughness pipe (εr smaller than 0.0001) the Drew, Koo and Mc Adams 

is the used formula. 

 
Formula 42 

 

There are also singular head losses in the pipe circuit due to elbows in the circuit, the 

elbows that are at 45º do not affect the total result but the elbows that are at 90º have 

been to be in consider.   

To calculate these singular head losses the “K” factor has to be chosen, in our case we 

choose the normal radio in the elbow and the K coefficient is 0.80, with this coefficient the 

head losses can be calculated using the next formula. 

 

Where, K is the dimensionless factor, v is the average velocity and g is the gravity. 

Formula 39 
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Once, we have evaluated all the parameters of the Benoulli’s formula, the last step is 

evaluating the Bernoulli formula between the different nodes in the circuit. In each node 

the velocity of the water will change. 
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3 RESULTS 

There are two different kinds of results, the results of the heat part and the result of the 

pressure study part. The heat results part have the purpose to evaluate the best thickness 

for the insulation and the study has been done for different insulation thickness. In the 

pressure study part, the purpose is evaluating which is going to be the maximum pressure 

necessity at the start of the line to satisfy the demand in the worst part. 

 

First of all, it is necessary to explain the given data to understand better the results part. 

It is easy to understand that the demand of energy from the deposits storage changes 

with the weather, so the demand will change every week and every day depending on the 

outside temperature. The heat losses in the deposits are different and the energy that they 

need is to thwart the heat losses through the walls due to temperature difference between 

the internal and the external temperature. 

 

In the next figure it is possible to notice the demand depending on the outside 

temperature. 

 

The internal water temperature also depends on the outside temperature, it changes with 

the outside temperature, when the outside temperature is colder the demand is higher. 

Energy demand deppending on the outside temperature
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The district heating company (Gävle energy) is the responsible to change the internal 

temperature. If the water is higher the energy contained inside the pipes is higher, and 

when the internal temperature is not high and the demand is high the only way to satisfy 

the demand is increasing the internal flow, but for increasing the internal flow it is 

necessary to increase the pumping. As it is said before, the pressure study has the 

purpose to evaluate if the pressure at the start of our district heating line is enough to 

satisfy the demand in the most unfavourable point and in the most unfavourable case. 

 

In the next chart it is possible to notice how the internal temperature is depending on the 

outside temperature. 

 
Chart 2 Data given by Gävle energy 

 

In this chart the pink line (the line on top) represents the average temperature depending 

on the outside temperature, and the blue line represents the temperature of the last year, 

so it is possible to notice, that the energy company reduces the internal temperature 

during the colder times if the demand is not high. So, the internal temperature depends 

strongly in the outside temperature and not very strongly in the demand. As it will be 

shown the heat losses are higher when the internal water is high and also when the 

weather is cold.  

 

The internal water temperature is constant when the outside temperature is higher than 

3ºC, but it is easy to know that the demand is not constant since 3ºC to 20 or 30 ºC, so to 
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satisfy the energy demand of the consumption points the mass flow inside the pipes has 

to be higher. But to increase the mass flow, it is necessary to increase the pressure and 

the pumping station has to increase its power. 

If we compare these two charts, it is possible to notice that the higher mass flow inside the 

pipes is when the outside temperature is around 3ºC, between 0 and 5 degrees the mass 

flow is going to be the highest. Here is the importance of the pressure study to evaluate if 

the pressure at the start of this new district heating line is going to be enough to satisfy all 

the points of our circuit. 

 

The heat study has been done month per month and in each month the outside average 

temperatures and the sea water temperature were taken from the meteorology station of 

Gävle. These average temperatures are from the year 1930 to 1961. The temperatures of 

the water are since 2003 to 2006.  

The water in contact with the pipes is not the surface water, it is the sea bottom water, but 

the data are from the surface water, so these data have been corrected because the 

variations in the sea bottom temperature are smaller. The temperatures do not change 

like in the surface. On the bottom, the temperatures are more constant over the year. 

In the next charts is possible to notice how the outside temperature and the water 

temperature varies in the whole year. 

 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-5.1 -4.9 -2.2 3.3 8.7 13.8 16.6 15.3 10.7 5.3 0.9 -2.1
86 86 82 74 72 72 72 72 72 72 77 82

Ave Outside T 1930-1961 ºC
Predicted pipe water temperature ºC  

Table 4 These data were given from the Meteorology station of Gävl e 
 

2003 2004 2005 2006 Average Bottom
January 1 1 1 1 1 4
February 1 0 0.5 0.5 0.5 3.5
March 2.5 0 0 1 0.875 3.875
April 5 5 6 4 5 6.5
May 12 14 8 13 11.75 10.25
June 17 17 15 19 17 14
July 22 20 23 22 21.75 18.75
August 20.5 21 18 21 20.125 17.125
September 14 15 15 15 14.75 13.25
October 4 7 8 9 7 8.5
November 3 3 6 2 3.5 6.5
December 1 1 0.5 4 1.625 4.625  

Table 5 These data were given from the Meteorology station of Gävl e 
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As it is possible to notice the bottom temperature is colder or warmer depending on the 

months, in the cold months the bottom water temperature is warmer than in the surface, in 

the warm months the bottom water temperature is colder than in the surface. 

 

3.1 HEAT LOSSES 

The heat losses part is the most important part and the most complex part of the project, 

the amount of decimal shown in this part of the project maybe might seem to the reader 

too large and excessive, but in many cases the different between the different problems is 

in the last decimal number. The heat losses in the pipes are different depending on, if the 

pipe is the forward pipe or the return pipe, and the heat losses depend on the environment 

that they are crossing (water, air and underground). The heat losses have been calculated 

for the principal network of pipes, assuming that all the mass flow is going from this pipe 

and at the end of this network is the consumption point. This is not absolutely truth, in the 

last 800 m (total length is 2850m) the consumption points start and the mass flow in the 

main pipe is decreasing, but the results are quite approximate, because with less mass 

flow the drop temperature in the main is higher, but the heat losses depend proportionally 

in the mass flow and in the drop temperature, as it has been explained in the formula 33. 

So, the approximation that has been made is reasonable.  

 

For instance if the mass flow in the main pipe is reduced the 50% in the month of January 

(from 29.5kg/s to 14.25kg/s) for an insulation thickness of 500mm the heat losses in the 

forward pipe changes from 56,188kW to 56.032kW and the drop temperature changes 

(from the start to the end of the network) from 0.46ºC to 0.91ºC. This experiment has done 

with the 2850m in the calculations this assumption has made in the last 800m so the 

difference with the reality is going to be smaller.  

 

In this case with this kind of insulation, the heat losses do not depend strongly in the mass 

flow, the heat losses depend on its majority on the internal temperature and in the external 

temperature. 
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3.1.1 Heat losses forward pipe 

The main difference between the forward pipe comparing to the return pipe lies in the 

internal water temperature, that it is hotter in the forward pipe than in the return pipe. 

Another difference between these two pipes is the opposite direction that they have, when 

the forward pipe finishes the return pipe starts.  

 

Explaining all the calculations for the forward pipe is too long, and the purpose of this 

thesis project is not boring the reader, so the explanation of the calculations is going to be 

only for one month and one insulation thickness. The calculations have been made for 

twelve months and seven different insulation thicknesses, and all the calculations are 

shown in the appendix (CD). There is not one month more interesting than other one, so 

the selected month is January and with an insulation thickness of 500mm, January has 

been selected because it is the first month not for another reason. The calculations are 

equal for all the months and for all the thickness, but the data and the results are different, 

but the start data and the most interesting final results are going to be explained to the 

reader. The things that are not going to be explained are the intermediate calculations. 

 

 

Table 6 Data of January 

Internal radio ri 0.3444 [m]
Externar radio re 0.3556 [m]
Insulation conductivity k 0.033 [W/mK]
Internal start temperature Tint 359 [K]
External air temperature Texta 267.9 [K]
External water temperature Textw 276 [K]
Sea velocity vsea 3 [m/sec]
Pi pi 3.14159 [-]
Distance analyzed L 50 [m]
Characteristic distance Lc 5
Pipe conductivity kpipe 50 [W/mK]
Specific heat capacity Cp 4203 [J/KgK]
Energy demand Ed 3185 [kW]
Mass flow mf 29.1458482 [kg/sec]
Gravity g 9.8 [m/s2]
Thermal conductivity undergroundkland 0.52 [W/mK]
Undergrown distance, level Lunderg 0.5 [m]
Treturn Tintr 333 [K]
Total day per month days 31
The price of MWh price 317.6 [S.E.K]

DATA JANUARY
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The selected pipe is a steel pipe and with an internal radio of 344.4mm and with an 

external radio of 355.6mm, this radio is too big for this mass flow but it will be explained 

later. The insulation conductivity is given from the fabricant, the fabricant is Logstor, 

Logstor is the world leading manufacturer of pre-insulated pipe systems.  

The sea velocity is 3 meters per second for the whole year, the distance analyzed before 

making the local energy balance is 50meters, the conductivity of the steel of the pipe is 

50W/mK, the specific capacity for the internal water is going to be different for the different 

situations, the mass flow is calculated with the energy demand, with the internal water 

temperature and with the specific heat capacity (dividing the energy demand with the 

specific heat capacity and with the temperature difference, start and return temperatures). 

The thermal conductivity of the land is 0.52W/mK and it has been supposed equal for all 

the months, the thermal conductivity does not change too much with the temperature, it 

depends on the composition of the ground, and in this case the composition of the ground 

is organic land. 

The price of MWh is not the same over the year, there are two prices the winter price from 

the 15th of October until the 15th of May and the summer price are in the other date. 

 

The next data are for the different effects that affect the system. The first part is the 

internal water flow.  

Internal flow

Internal water viscosity mu 0.000324 [N*sec/m2]
Prandt number Prinw 2.02 [-]
n coefficient n 0.3 [-]
Internal water conductivity Kinw 0.674 [W/mK]  

Table 7 Data of January, internal flow 
 

In this part is important to define the internal water viscosity the Prandt number and the 

internal water conductivity, this three parameters has to be introduced evaluated at the 

internal water temperature, the n coefficient comes from the formula 4. 

 

External water flow

Cinematic viscosity viscw 0.0000014 [N*sec/m2]
Prandt number Prextw 12 [-]
External water conductivity kext 0.57 [W/mK]  

Table 8 Data of January, external water flow 
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Here the cinematic viscosity the Prandt number and the water conductivity have to be 

defined and evaluated at the sea water temperature. 

 

External air 

Wind speed vwind 4 [m/sec]
Cinematic viscosity visca 0.0000135 [N*sec/m2]
Prandt number Prexta 0.716 [-]
Air conductivity kair 0.024 [W/mK]
Thermal expansion coefficient B 0.0036 [-]
Thermal diffusivity alpha 0.0000189 [-]
Aprox, for calculating Ra aprox 3 [-]  

Table 9 Data of January, external air 
 

Like in the sea here the velocity has to be selected, the average velocity in Gävle is round 

4 meter per second, the cinematic viscosity the air conductivity, the Prandt number the 

thermal expansion coefficient and the thermal diffusivity have to be introduced evaluated 

at the external air temperature like in the last environments. 

Finally an approximation to calculate the real Rayleight number has to be selected, this 

number represents the temperature difference between the surface of the pipe and the 

outside when the free convection is acting. The results of the free convection are the 

same if we choose another  number because this number is the start number to calculate 

the real Rayleight number, while the number be between normal parameters, the result is 

going to be good. 

Solar radiation

Solar radiation Gävle sr 120 [W/m2]
Effective area ea 15 [%]
Effective solar hours s20%,w8% esh 8 [%]
Material performance mp 10 [%]  

Table 10  Data of January, solar radiation 
 

In the solar radiation some parameters has to be calculated, but to calculate this 

parameters some assumptions has been done, and the accuracy of this data is not high. 

The effective area represents the part of the pipe that is exposed to the solar radiation. 

The effective solar hours represents the hours that the solar radiation is affecting 

effectively the pipe, in the summer time it is going to be the 20% of the total hours and in 

the winter time it is going to be only the 8% of the total hours. The performance of 

materials represents the capacity of the insulation surface to catch the energy from the 

sun. This performance is the same than for the grey plastics material. 
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These different effects affect the pipe in the different positions of the pipe length.  

Now, the next step is calculating the parameters that are needed to evaluate the formulas 

shown in the method. With the goal of getting the necessary coefficients to solve the 

different thermal circuits explained in the method. 

 

The goal in the internal flow is to know if the fluid is in turbulent region or in laminar region, 

so the Reynolds number must be calculated. With the Reynolds number, the Nusselt 

number has to be calculated, and then finally getting the internal convection coefficient. 

 

Internal flow

Reynolds number ReDint 166283.4534
Nusselt number NuDint 426.5917726
Internal convection coefficient hint 417.4257473 [W/m2K]  

Table 11  Calculations of January, internal flow 
 

The used formula to calculate the Reynolds number is the formula 3, and as it is possible 

to notice the number is much bigger than 2300 (the condition of turbulence region) and 

much bigger than 10000 (completely turbulent situation, necessary to use the next 

correlations), so the fluid is completely turbulent. This is the common case; it is very 

strange having laminar flows in circular pipes, even when the velocity of the fluid is very 

slow. The next step is calculating the Nusselt number; it has been calculated with the 

Dittus-Boelter correlation, formula 4. 

The correlation of Sieder and Tate is also valid for internal flows but this correlation is to 

use in fluids with big properties variations. In our case the Dittus-Boelter formula has more 

accuracy. 

Once calculated these parameters, the last step is calculate the internal convection 

coefficient with the formula 5. So, the internal convection thermal resistance can be 

calculated easily. 

  

Where, A is the area in which is going to have done the energy balance, in our case the 

perimeter of the internal pipe multiplied by the distance (50m). The value of the internal 

resistance in the month of January is the following value. 

Formula 44 
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Once calculated the internal thermal resistance, the next following effect is the external 

flow, but in the external flow there are different situations, the first situation is the external 

air flow, this effect can be divided into the external air flow on the pipe or external air flow 

on the ground (this case is for the underground pipe). After this effect, the results of 

external water flow are going to be explained. 

 

External air flow
Pipe

Reynolds number ReDextair 507022.2222
Nusselt number NuDextflow 709.3045602
External convection coefficient hextflow 9.94817055 [W/m2K]

Grown
Reynolds number ReLextair 1481481.481
Nusselt number NuLextflow 6093.050537
External convection coefficient hextLflow 29.24664258 [W/m2K]  

Table 12 Calculations of January, external air flow 
 

As in the internal flow, the method and the procedure to solve the external flow problem 

are the same, the used equations are going to be different, but the target is the same, 

getting the convection coefficient to solve the thermal circuit. 

 

In the first case, the pipe is exposed directly to the external air flow, and it is necessary to 

evaluate if the flow is turbulent or laminar, the flow conditions must be calculated, thus, 

the Reynolds number is calculated, as it is possible to notice in the table 12. 

After calculating the Reynolds number different correlations are possible to use, the 

selected correlations has been the Churchill and Bernstein correlation for external flow in 

a cross cylinder, formula19, because this formula is valid for a bigger range of Reynolds 

number , but the Zhukauskas correlations could be selected, formula 18. The Nusselt 

number with the Zhukauskas correlations is 592.40, the difference between these two 

formulas is less than the 17% it may looks strange and dangerous, but the accuracy of 

this formula is about the 20-25%, therefore the results of these different correlations are 

quite near, if we assume that the accuracy is very small. 

 

After calculating the Nusselt number, the external convection coefficient is easy to 

calculate with the formula 20. And with this coefficient the thermal resistance for the 

Internal resistance R1 2.21416E-05 [K/W]
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external flow in a cross cylinder can be calculated with the formula 44. Where, the 

external insulation area is the area of the formula 44. 

 

External resistance e.f pipe R4aflow 0.00037397 [K/W]  

 

In the second case, the external convection coefficient has to be calculated but in this 

case the surface is a horizontal plate in parallel flow, the procedure is like in the pipe but 

the correlations are different. First of all the Reynolds number is calculated and here the 

Reynolds number is bigger than 100000, thus the flow is completely turbulent. The used 

correlation, formula13, it is valid for completely turbulent flow. After this with the  

Formula 21, the convection coefficient is gotten and then with the formula 44 the thermal 

resistance for the parallel flow in a plate can be calculated. 

 

External resistance e.f grown R4.1grown.e.f. 3.18012E-05 [K/W]  

 

There is another external flow, and the flow is not air, but sea water. The calculations 

methods are the same and the used formulas are the same, instead of using the 

properties of the air, the properties of the sea water must be used.  

 

External water flow

Reynolds number ReDext 3666857.143
Nusselt number NuDext 11073.99746
External convection coefficient hext 3688.743894 [W/m2K]  

 

Due to the water properties the water is a better cooling than the air, as it is possible to 

notice in the external convection coefficient; in the sea the external convection coefficient 

is 200 times bigger than in the air. Therefore, the thermal resistance is going to be 

smaller. 

 

External resistance water R4w 1.00856E-06 [K/W]  

 

In the reality not all the time there is air flow, so it is necessary suppose that sometimes 

the air is going to be zero, in the case of the sea pipe it is not very usual. In the case when 

the air velocity is zero the free convection phenomenon affects the system, thus in the air 
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pipe and in the horizontal plate the free convection is going to be calculated. Later, it will 

be checked with the goal of choosing the most real case. 

 

External free convection air

Grashof Gr 72418787503
Rayleigh number Ra=Gr*Pr 51851851852

Pipe
Nusselt number pipe NuDextfree 426.3501038
External convection coefficient hextfree 5.97966485 [W/m2K]

Grown
Nusselt number pipe NuDextfree 559.344471
External convection coefficient hextfree 2.684853461 [W/m2K]  

 

In the free convection, the Grashof and the Rayleight number are evaluated with the 

formula 21. 

 

In the first case, the free convection is affecting the air pipe, and the Nusselt number has 

been calculated with the formula 26, the Churchil and Chu equation, it also may be 

calculated with the formula 25, the Morgan equation but the equation of Churchill and Chu 

has more accuracy. After calculating the Nusselt number the external convection 

coefficient has been calculated with the formula 27. And finally with the formula 44 it is 

possible to calculate the thermal resistance for the free convection in the pipe. 

 

External resistance free air R4afree 0.000622161 [K/W]  

 

In the second case, the free convection is affecting the ground surface, and the Nusselt 

number has been calculated with the formula 22. After calculating the Nusselt number the 

external convection coefficient has been calculated with the formula 23. And finally with 

the formula 44 it is possible to calculate the thermal resistance for the free convection in 

the ground surface. 

 

External resistance f.a grown R4.1grown.f.a. 0.000346417 [K/W]  

 

It is necessary to check if the free air convection has a real effect on the system, to 

calculate this effect the Rayleigh number has to be compared with the external Reynolds 
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number, dividing the Rayleigh number by the square Reynolds number. If this division is 

smaller than one the free convection effect is negligible. 

 

As it is possible to notice, the result is smaller than one, therefore, the free convection is 

not affecting the system. 

 

Once the internal and the external flows are calculated the thermal resistance between 

the internal and external flow resistances has to be calculated. The conduction in the steel 

of the pipe is the same for the total length of the tube. 

 

To evaluate the thermal resistance of the pipe, the formula 10 has to be used. Where, the 

thermal conduction is between the internal radio and the external radio of the pipe. The 

conduction is in the steel, the thickness of this steel is very small, 11.2mm. 

 

Pipe resistance R2 2.03736E-06 [K/W]  

 

The next resistance is the insulation resistance, this thermal resistance is the most 

important resistance in the system, the aim of the insulation is keep the heat inside the 

pipe, thus the thermal conductivity is very small, and in the total system this thermal 

resistance supposes more than the 95% of the total thermal resistance. To evaluate the 

thermal resistance as in the last case, the formula 10 has to be used, this formula is valid 

for all the radial conduction, and in both cases the conduction is radial conduction. The 

thermal conductivity is not the same; in the last case the conductivity was bigger. The 

results that are presenting are for January and for 500mm of insulation thickness. 

 

Insulation resistance R3 0.084689453 [K/W]  

 

There is one more situation of conduction; this conduction is between the pipe and the 

ground surface, to solve this problem some assumption has been taken as it has been 

explained in the method. This conduction can be considered linear conduction. And the 

formula 6 has been used to calculate the thermal resistance. 

 

External resistance undergrown R4underg 0.006331707 [K/W]  

Ra/ReDextair^2 0.281706755
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Once all the different thermal resistances have been calculated, the total thermal circuit 

can be also evaluated. But the total resistance is not the same for all the stretch of the 

pipe, the pipe length can be divided in three different stretches. The underground stretch, 

the sea stretch and the air stretch. For each stretch the thermal circuit is going to be 

different   

 

The different stretches of the pipe are going to be presented in the same position that they 

are in the reality. The first stretch in the forward pipe is the underground pipe. 

 

 
Figure 24 Underground pipe 

 

 The thermal circuit for this case is going to be the following circuit. 

 

 
Figure 25 Thermal circuit of the underground pipe 

 

In the forced convection, the external convection resistance is due to the external air flow. 

The total resistance has the value of 0.09343 K/W and if we compare this value with the 

value of the insulation thermal resistance (0.08469K/W) the thermal resistance of the 

insulation represents the 90.65% of the total resistance. Here, the importance of choosing 

the optimum insulation thickness. As in the next table it is easy to notice the most part of 

the temperature fall in the insulation. 
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Table 13 Temperature distributions in the section of the pipe and in the axial length exposed 
to forced air flow 

 

In this table is possible to notice how the temperature of internal water is changing in the 

axial direction and how the temperature is distributed in the radial direction. The 

temperature in the axial direction has been calculated making energy balance every 50m, 

it has be possible using the formula 30, with the conditions explained in the method, it is 

necessary taking into consideration that the formula 30 is for heating and this case is 

cooling case, thus the sing instead of being positive is negative. The radial distribution of 

temperatures has been calculated with the thermal circuit. 

 

The next stretch is the sea pipe, in this pipe the external thermal resistance is smaller than 

in the other stretches, but the water temperature is not so cold comparing to the air 

temperature ( in the case of the winter).  

 

Int. water T Int. Pipe T Int. Ins T Ext. Ins. T Air T Pos pipe[m]
359 267.9 0

358.9918347 358.969688 358.9676497 274.2645331 267.9 50
358.9836701 358.961525 358.9594873 274.2639627 267.9 100
358.9755063 358.953363 358.9513256 274.2633923 267.9 150
358.9673431 358.945202 358.9431647 274.2628219 267.9 200
358.9591807 358.937042 358.9350044 274.2622516 267.9 250
358.9510191 358.928882 358.9268449 274.2616813 267.9 300
358.9428582 358.920723 358.9186862 274.2611111 267.9 350
358.934698 358.912565 358.9105282 274.260541 267.9 400

358.9265385 358.904407 358.9023709 274.2599709 267.9 450
358.9183798 358.896251 358.8942143 274.2594009 267.9 500
358.9102218 358.888095 358.8860585 274.2588309 267.9 550
358.9020645 358.879939 358.8779034 274.2582609 267.9 600
358.893908 358.871785 358.869749 274.257691 267.9 650

358.8857522 358.863631 358.8615954 274.2571212 267.9 700
358.8775971 358.855478 358.8534424 274.2565514 267.9 750
358.8694428 358.847325 358.8452903 274.2559817 267.9 800
358.8612891 358.839174 358.8371388 274.255412 267.9 850
358.8531363 358.831023 358.8289881 274.2548423 267.9 900
358.8449841 358.822873 358.8208381 274.2542727 267.9 950
358.8368327 358.814723 358.8126889 274.2537032 267.9 1000
358.828682 358.806575 358.8045403 274.2531337 267.9 1050
358.820532 358.798427 358.7963925 274.2525643 267.9 1100

Undergrown pipe
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Figure 26 Sea pipe 

 

If the thermal circuit of sea pipe is compared with the thermal circuit of the underground, 

the total thermal resistance has one term less. This is because the insulation of the sea 

pipe is directly exposed to the water flow. 

 

The total resistance in this case, obviously is going to be less than in the underground 

case, it is important to know that the thermal resistance of the ground is not big and the 

ground is a good insulation. 

 

In the next table is possible to notice the temperature distribution in the axial direction and 

in the radial direction.  

 

Figure 27 Thermal circuit of the underground pipe 
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Int. water T Int. Pipe T Int. Ins T Ext. Ins. T Water T Pos pipe[m]
358.8262861 276 1100
358.8183048 358.796659 358.7946671 276.000986 276 1150
358.8103242 358.78868 358.7866888 276.0009859 276 1200
358.8023445 358.780703 358.7787114 276.0009858 276 1250
358.7943655 358.772726 358.7707346 276.0009857 276 1300
358.7863873 358.76475 358.7627587 276.0009856 276 1350
358.7784098 358.756774 358.7547835 276.0009855 276 1400
358.7704331 358.7488 358.7468091 276.0009854 276 1450
358.7624572 358.740826 358.7388355 276.0009853 276 1500
358.7544821 358.732853 358.7308626 276.0009852 276 1550
358.7465077 358.724881 358.7228905 276.0009851 276 1600
358.7385341 358.716909 358.7149192 276.000985 276 1650
358.7305612 358.708938 358.7069486 276.0009849 276 1700
358.7225891 358.700968 358.6989788 276.0009848 276 1750
358.7146178 358.692999 358.6910098 276.0009847 276 1800
358.7066473 358.685031 358.6830415 276.0009847 276 1850
358.6986775 358.677063 358.675074 276.0009846 276 1900
358.6907085 358.669096 358.6671073 276.0009845 276 1950
358.6827403 358.66113 358.6591413 276.0009844 276 2000

Sea pipe

 
Figure 28 Temperature distributions in the section of the sea pipe and in the axial length 

exposed to forced sea water flow 
 

In this length of the pipe all the drop temperature is in the insulation, the thermal 

resistance of the insulation represents the 99.97% of the total resistance. If the 

temperature of the external insulation surface is compared with the external temperature 

of the underground pipe, it is possible to notice in this month, January, that the 

temperature is very similar, so the heat losses are going to be also very similar. 

 

After the sea pipe, the pipe continues 100 m underground. 

 

Int. water T Int. Pipe T Int. Ins T Ext. Ins. T Air T Pos pipe[m]
358.6827403 2000
358.6748083 358.653284 358.6513037 276.3237967 267.9 2050

358.666877 358.645355 358.6433744 276.3230607 267.9 2100

Undergrown pipe

 
Figure 29 Temperature distributions in the section of the underground pipe and in the axial 

length exposed to forced air flow 
 
Then, the pipes leave to the surface, and the last stretch goes six meters over the ground 

surface, and it is exposed to forced convection.  

 

Figure 30 Thermla circuit of the air pipe 
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The difference between the forced convection and the free convection is in the last 

thermal resistance, but the free convection has not been taken into consideration, in this 

length of the pipe all the drop temperature is in the insulation. The thermal resistance of 

the insulation in the case of forced convection represents the 99.53% of the total 

resistance, and in the case of free convection would have represented 96.75%. 

 

In the air pipe the energy balance is done, it is different than the last energy balance, here 

the sun radiation take place, the solar radiation, as it has been explained, it is not the 

same in the whole year, and it depends on the seasons, obviously in the winter, the solar  

effective radiation is not the same. With the data of the meteorology station of Gävle and 

observing the situation of the pipe and noticing that the big tanks of fuels shade the most 

part of the sun hours, so the effective sun radiation hours in the winter reach to 8% and to 

20% in the summer.   

Figure 31 Air pipe  
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Int. water T Int. Pipe T Int. Ins T Ext. Ins. T Air T Pos pipe[m]
358.6607242 267.9 2100
358.6523327 358.628717 358.626544 268.2988669 267.9 2150
358.6439419 358.6203284 358.6181556 268.29883 267.9 2200
358.6355519 358.6119407 358.6097681 268.2987932 267.9 2250
358.6271628 358.6035537 358.6013813 268.2987563 267.9 2300
358.6187744 358.5951675 358.5929953 268.2987194 267.9 2350
358.6103869 358.5867822 358.5846102 268.2986826 267.9 2400
358.6020001 358.5783976 358.5762258 268.2986457 267.9 2450
358.5936142 358.5700138 358.5678423 268.2986088 267.9 2500
358.5852291 358.5616309 358.5594595 268.298572 267.9 2550
358.5768447 358.5532487 358.5510776 268.2985351 267.9 2600
358.5684612 358.5448674 358.5426964 268.2984983 267.9 2650
358.5600785 358.5364869 358.5343161 268.2984614 267.9 2700
358.5516966 358.5281071 358.5259365 268.2984246 267.9 2750
358.5433155 358.5197282 358.5175578 268.2983878 267.9 2800
358.5349352 358.5197282 358.5175578 268.3005582 267.9 2850

Air pipe external flow

 
Table 14 Temperature distributions in the section of the air pipe  and in the axial length 

exposed to forced air flow 
 

In the air pipe the heat flow leaving the pipe is compensated with the heat flow coming 

from the sun, however, this stretch in the coldest month is the stretch with more heat 

losses in all the pipe length.  

 

The final part of the result in this month, it consists in evaluating the drop temperature in 

the pipe comparing the start temperature with the final temperature, the temperature in the 

last meter of the pipe reach 358.53 Kelvins and it started with 359 Kelvins. So the 

temperature dropped is around 0.47ºC or Kelvins and the mass flow calculated for the 

month of January is 29.15 water kilograms per second, thus, if the formula 31 is used the 

total heat losses can be calculated, and they reach to 56.97kW. 

In the next chart is possible to see how the temperature drops in the pipe length.  
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Temperatures in the pipe lenght
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Chart 3 drop temperature in the axial direction of the pipe 

 

And in the next chart is possible to see how the temperature drops in the radial direction. 

Temperature distribution in the radial direction of the pipe
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Chart 4 drop temperature in the radial direction of the pipe 

 

In the axial direction the temperature drops quite linealy (theoretically the temperature 

drops logarithmically, but the drop in the axial direction is very small), it is due to the heat 

losses are quite similar in the pipe length. But in the radial direction the temperature drops 

logarithmically, it is due to in the radial direction the conduction is through a cylinder 

instead of being through a plate. If the insulation is increased the function is getting more 

and more logarithmical. 
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As it is said before, the heat losses are not equal in the whole pipe length, the heat losses 

difference between the stretches with biggest and smallest heat losses varies in 5%. This 

is one of the reason of supposing that the temperature in each 50 m is constant. 

 

In the next table it is possible to notice the total heat losses and the heat losses per meter 

in the different stretches of the circuit. 

 

[kW] [W/m]
56.97044304 19.98962914
21.98482448 19.98620407
17.58313732 19.53681925
1.993319684 19.93319684
15.40916155 20.54554874

Average circuit heat losses

Heat losses: air pipe external flow 2100-2850m

Heat losses: sea 1100-2000m

Total heat losses

Heat losses: undergrown pipe 2000-2100m

Heat losses: undergrown pipe ef. 0-1100m

 
Table 15 Heat losses in the forward pipe, January 

 

3.1.2 Heat losses in the return pipe 

The heat losses in the return pipe are a little smaller comparing with the forward pipe, the 

reason of that, it is because the internal temperature is not the same, obviously after the 

heat exchanger, the water of the district heating line transfers energy to the deposits, and 

its temperature decreases. In the particular case of the fuel tanks, the liquid inside the 

tanks has to be at 60ºC, so the water in the return pipe is going to be at 60ºC-61ºC. The 

heat losses in the return pipe will be closer to the heat losses in the forward pipe when the 

temperature of the district heating line reaches its lowest value. It will be in the summer 

season. As it has been said, the method to solve the return pipe is the same than to solve 

the forward pipe. In the return pipe, the intermediate results are not going to be explained. 

But to compare with the forward pipe, some results of the return pipe are going to be 

explained. 

The total heat losses in the return pipe reach to 40.06kW. It represents the 70% of the 

losses in the forward pipe. The temperature in the return pipe is an 18% less than in the 

forward pipe, and the heat losses in the return pipe are a 30% less than in the forward 

pipe. The mass flow can be considered the same. There is an insignificant variation in the 

mass flow due to the properties of water caused by the temperature difference. All the 

calculations are included in the appendix (CD). 
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In the next table it is possible to notice the total heat losses and the heat losses per meter 

in the different stretches of the circuit, in the return pipe. 

 

[kW] [W/m]
40.05594142 14.05471629
15.6614071 14.23764282

12.07926246 13.42140274
1.427461712 14.27461712
10.88781014 14.51708019Heat losses: air pipe external flow 2100-2850m

Heat losses: sea 1100-2000m

Total heat losses

Heat losses: undergrown pipe 2000-2100m

Heat losses: undergrown pipe ef. 0-1100m
Average circuit heat losses

 
Table 16 Heat losses in the return pipe, January. 

 

In the project, the results previously shown have done for seven different insulation 

thicknesses and for the 12 months of the year. And how the circuit has 2 different pipes, 

the forward pipe and the return pipe, they have been analyzed in different way.  

 

3.1.3 Total heat losses 

Once explained the results and the difference in the forward and return pipe, it is the 

moment to explain the whole results of the calculations. One of the most important results 

is the average heat losses in the local network of district heating, as it has been noticed in 

the results, the most important element in the network to reduce the heat losses is the 

insulation, and varying its thickness the heat losses varies strongly. 

In the next char, the average heat losses in the whole year are compared each other. 
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Average heat losses with different 
insulation thicknesses
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Table 17 Average heat losses with different insulation thicknes ses 

 

Looking at chart is possible to notice that the heat losses decrease logarithmically with the 

increasing of the insulation thickness. If the insulation thickness is increased from 0.1m to 

0.2m, the heat losses are reduced in 40%, if the insulation thickness is increased from 

0.2m to 0.3m, the heat losses are reduced in 25%. So, increasing the insulation thickness, 

the heat losses are reduced logarithmically, but the reduction of heat losses in total 

percent is smaller when the insulation is getting bigger and bigger. 

The aim of the project is evaluate which can be the optimum thickness, and in this chart is 

the best way to choose the optimum thickness, because in this chart all the different 

thicknesses are compared each others. It looks reasonable to choose the thicknesses 

0.4m and 0.5 m, because from 0.4 to 0.7 the reduction is around 30% and from 0.5 to 0.7 

the reduction is around 20%, the increasing of the thickness is much more than the 

decreasing of heat losses. If the heat losses are calculated with a thickness of 1.5m 

something that it is not viable and realistic, the average heat losses reach to 50kW and it 

is possible to say that the minimum is in 50kW. So, with 0.4m and 0.5m of thicknesses the 

heat losses are quite near to the minimum losses.   

If the heat losses of January are compared to the average heat losses, it is easy to realize 

that the heat losses are much bigger in January than average heat losses, it is reasonable 

knowing that the month of January is the coldest month of the year. 
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Another important point of the study is quantifying the heat losses in total percent 

comparing to the energy demand. 

 

In this chart is possible to notice that the heat losses are quite similar in the whole year, 

and they are much more similar when the insulation thickness is increased. There are two 

possible comparisons to calculate the total percent of heat losses, comparing the heat 

losses with the demand and comparing the heat losses with the energy inside the pipes, 

the energy inside the pipes is much bigger than the energy demanded, the reason of this 

is that the temperature drop in the heat exchanger is between 10-30ºC and the 

temperature inside the pipes is between 72 and 100ºC. But the most interesting 

comparison is comparing the heat losses with the demanded energy. As it is said before 

the minimum heat losses are very close to the thickness of 0.7m, and it is impossible to 

reduce the heat losses below the 2% for this demand.  
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In the future this new district heating line is going to be extended to other areas, and the 

energy demand for this line will increase to 19MW and it would be interesting calculate the 

heat losses for this new demand. With this new demand the mass flow will increase 

around 6 or 7 times depending on the month. The calculations are done for January with a 

0.5m of insulation thickness, with the purpose to compare with the total heat losses for the 

demand of 3MW. The total heat losses for 19MW of demand reach to 97.15kW, these 

heat losses are very similar to the heat losses of January with an energy demand of 3 

MW, but in this case the drop temperature inside the pipes is less than 0.08ºC. It may 

seem strange but as it is said before the heat losses depend on their majority in the 

difference between internal and external insulation temperature. 

 

3.2 PRESSURE STUDY 

The aim of pressure study is evaluate if the pressure at the start of the new district heating 

line is enough to ensure the request pressure at the most unfavourable point of the new 

district heating enlargement. Different situations are necessary to be evaluated. These 

different situations depend on the outside temperature and on the internal water 

temperature. As it is said before, the internal temperature depends strongly on the outside 

temperature, but sometimes this temperature is not the same that the temperature shown 

in the chart 2, the internal temperature is a little bit less than the temperature that it had to 

be, so different situations with different temperature have been calculated. The worst case 

evaluated is with an internal temperature of 67ºC. With the different internal temperature 

cases the pressure in the worst point has been evaluated on different energy demands. If 

the internal temperature is less, the mass flow will must be bigger and for bigger mass 

flow, bigger pressure is needed to ensure the pressure in the most unfavourable point. 

 

Since the calculated pressure losses represent a main basic for the design of pipe 

networks. Incorrect pressure drop values lead to oversized pipes, which increases 

investment costs and heat loss resulting from large pipe surfaces. Moreover, the over 

sizing of pumps raises the operating costs because the pump does not work efficiently. 

The hydraulic roughness is one of the main factors for calculating pressure drop in straight 

trains of pipes. Most values (0.04 to 0.02 mm) found in the available literature are based 

on investigations of steel pipes conducted some 20 years ago. Considering the 
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improvement of manufacturing technology it is highly probable that state-of-the-art steel 

pipes are smoother than those examined in the current literature.  

 

Recently, the University of Graz made some test to evaluate the real roughness of pipes 

used to district heating. The test runs were performed on three trains of steel pipes with 

different diameters. The pressure drop of the test tracks was measured and the hydraulic 

roughness calculated under varying flow conditions. The results obtained were 

significantly lower than the respective values in the literature, even taking into account all 

possible measurement errors. On the basis of the results obtained from these 

investigations a hydraulic roughness of 0.01 mm is recommended for calculating the 

pressure drop in straight trains of small steel pipes, in the pipes bigger than 100 mm of 

diameter a hydraulic roughness of 0.02mm is recommended, and in pipes bigger than 500 

mm of diameter a roughness of 0.03 mm is recommended. In our case the diameter of 

pipes are bigger than 500mm, and a roughness of 0.03 mm has been taken. And dividing 

this roughness by the diameter of the pipe, the relative roughness is gotten. And it is 

about 0.000045. The PSAK formula, formula 41, is going to be used to calculate the 

coefficients of pressure losses. 

 

The new district heating line starts from the main pipe of Gävle Energy network, and after, 

it goes around 2000 meters until the first node, and in the next length of the pipe the other 

nodes are located. In each node the energy taken from the main pipe is different. The 

calculations are done node by node. They are done starting from the start point of this 

main pipe, then nineteen different pipes take hot water from the main pipe to warm 

different deposits located on the plant. In each node that water is taken from the main pipe 

of the new line, the pressure in each node, the new water velocity and new mass flow 

inside the main pipe is calculated.  

With the purpose of solving the problem on a easy way, one excel program has been 

created, and the different cases are simulated, but only one case is going to be explained. 

The cases evaluated are the worst situations possible, these cases may happen in the 

summer, autumn and in the spring time  

 

The selected case for explaining is the case of 2767kW (5ºC of outside temperature) and 

one temperature difference of 7.5ºC (difference between the inlet and the outlet in the 

heat exchanger of the deposits) 
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1024 [kg/m3]
9.80 [m/s2]
1.00 [m]

316450 [Pa]
0.00 m
4.19 [J/KgK]

88.07 [kg/s]
0.23 [m/s]
0.00 [N*sec/m2]
0.34 [m]
3.14

10035.20 [kg/sm2]
2767 [kW]
5832 kW

0.47445
7.50 [ºC]
6.00 [m]

Maximum energy exchangeable

Level air pipe in the storage

Pi number

Real utilization factor

Mass flow

Gamma number density*gravity
Energy demand

Delta T

Pressure study

Internal radio
Internal water viscosity "mu"

Density of the water
Gravity

Start pressure
Roughness of pipes

Start level

Specific heat capacity

Star velocity of the water: Massflow/(density*pi*ri2)

Data

 
Table 18 Data of hydraulic facilities 

 

To run the program, first of all, the data have to be introduced, the most of properties has 

been explained in the part of heat losses and they are not going to be explained here. 

One of the different data is the the start level. It represents the level when the new district 

heating line is connected with the main pipe of the city. The velocity of the water is 

calculated with the area of the pipe, with the mass flow and with the density of the fluid. 

The gamma number is calculated multiplying the density of the water with the gravity. The 

energy demand has to be introduced to calculate the mass flow. The maximum energy 

exchangeable is one data of the heat exchangers capacity. And the utility utilization factor 

is calculated dividing the energy demand by the maximum energy exchangeable. 

 

Once the initial conditions are introduced, the first node is calculated with the Bernoulli’s 

formula, formula 36, in the Bernoulli’s formula the velocity and the level of each point is 

compared and the pressure of the next point is calculated. This procedure is the same for 

all the points. In each stretch the pressure losses are different. The pressure losses are 

due to the elbows and the length of stretches. The pressure losses are calculated with the 

formula 37 and 38. 
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For instance, the first node is going to be explained. This first node has the most pressure 

drop comparing to the other nodes, and it is because the pressure losses are due to 

velocity of the fluid and the length of the calculated stretch, the first node is 2000 m long 

and the total mass flow is going throw this stretch, so this node is going to be the longest 

node and the velocity in this stretch is going to be the highest velocity. 

In the next table is possible to notice that all parameters are recalculated to calculate the 

next point. There are also other pressure losses due to the elbows of the pipes, the 

pressure losses in this geometrics are also calculated but they do not represents too 

much pressure losses, the elbows of 90º have only been calculated, the pressure losses 

in the elbows of 45º have not been taken into consideration. 

 

2 Elbows  90º 0.00435

Node1-2000m
2 [m]

446028 [-]
2921 [kW]
1386 [kW]

2000.00000 [m]
0.01388 [-]

44.12 kg/s
43.96 kg/s

0.11520 m/s
Pressure loses until this node from last node 0.11391 [w.m]

305292 [Pa]

Massflow in this pipe to fulfill the demand

Maximun energy utilizaton

Velocity in the main pipe

Pressure in this node

Pressure losses factor [dimensionless]

Massflow in the in the main pipe

Position of this node relative to the last node

Level of this node
Reynolds number  Re=4mflow/piDmu

Demand * Real Utilization factor

 
                          Table 19 Results of the first  node in the hydraulic installation 
 

In each node the level of the node has to be introduced to compare the levels in the 

Bernoulli’s formula. In each node the mass flow is recalculated because one part of the 

mass flow is going to the heat exchange, so the new total mass flow is calculated 

subtracting the mass flow coming from the pipe with the mass flow going to the heat 

exchanger. The pressure losses factor is calculated with the formula 41 and the pressure 

loses is calculated with the formula 38 adding the pressure losses in the elbows. And 

finally with the Bernoulli’s formula the pressure in this node can be calculated. 

 

The next nodes are calculated in the same way and it possible to find them in the 

hydraulic appendix (CD).  
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The worst pressure situation is in the last point and there, the request pressure must be 

2.5 bar (250kPa), with this requested pressure the other pressure have been calculated. 

In the next char is possible to notice the last node. 

 

1 Elbow  90º 1.59832E-09

Node19-10m
Level of this node 7.5 [m]
Reynolds number  Re=4mflow/piDmu 382 [-]
Maximun energy utilizaton 5 [kW]
Demand * Real Utilization factor 2.4 [kW]
Position of this node relative to the last node 10 [m]
Pressure losses factor [dimensionless] 0.080 [-]

0.07551 kg/s
0.00000 kg/s
0.00000 m/s

0.00000000392 [w.m]
250042 [Pa]Pressure in this node

Massflow in this pipe to fulfill the demand
Massflow in the in the main pipe
Velocity in the main pipe
Pressure loses until this node from last node

 
                          Table 20 Results of the last node in the hydraulic installation 

 
The calculated values are the same than in the first node, but notice that here the velocity 

of the water is very small and therefore the Reynolds number is also very small and, 

therefore the fluid is in laminar region and the pressure losses factor has to be calculated 

in the Moody-Abacus, figure 15. 

 

In the next charts the results are shown for different energy demands, notice that in the 

reality would be better if the pressure in the start of the line is bigger than the minimum 

necessary pressure. 
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Requested start pressure for difference delta T and  different demands
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Table 21 Necessary pressure at the start of the pipe to ensur e 2.5 bar in the most 

unfavourable point of the new line 
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Table 22 Mass flows for different demands in the main pipe 

 

In the last chart, it is necessary to say that the mass flow drawn is the mass flow in the 

main pipe coming from the big pipe of the city to the next consumption node, as it is 
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explained before in each node the mass flow is decreasing because the decreasing part is 

the mass flow that is going to the consumption point. The maximum water velocity inside 

the pipe must not be higher than 2 meter per second, with this velocity the pressure 

losses are very high, the pressure losses increase exponentially with the velocity, if the 

velocity is not higher than 2 meter per second the pressure losses do not reach high 

values. The maximum mass flow will be 750kg/sec (water velocity of 2 meter per second , 

but the recommendable mass flow will not be higher than 500kg/sec (water velocity of 

1.25 meter per second) and it would be 32MW energy demand from the factory with a 

different of temperature between the inlet and the outlet of 15 degrees. 

The biggest demands are always in winter so the difference of temperature will be bigger 

than 15ºC and even bigger than 20ºC. The outlet of the water from the heat exchanger of 

the deposits is around 60ºC. In the case of the living houses it is 40-45ºC. But in the 

deposits the inside temperature has to be 60ºC, and the heat used in this plant is for the 

deposits.     

 

In the future this new line is going to be enlarged and a new demand round 20MW will be 

necessary to pump. So the start pressure will be increased to fulfil the demand, at it will 

has to reach to 375kPa ore more depending on the length of the new enlarged installation.  

If it is analyzed from a physical point of view the high pressure in the line may cause 

problem to the installation because of fluid hammer.  Fluid hammer is a pressure surge or 

wave resulting when a fluid in motion is forced to stop or change direction suddenly 

(Momentum Change). Water hammer commonly occurs when a valve is closed suddenly 

at an end of a pipeline system, and a pressure wave propagates in the pipe. So, to have 

high pressure in one localized point is very dangerous to the facilities, the pressure waves 

might break or damage the hydraulic facilities. 

It is better having more than one pump station than having one big pipe pump station. 

Having one big pumping station produce more pressure losses in the pipes, more damage 

and they waste more energy than if the pressure is added to the line with different pump 

stations. 

In the discussion this result will be analyzed from one economical point of view. 

Evaluating which would be the best solution to reach the 2.5 bar in the most unfavourable 

point.
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4 DISCUSSION 

In this chapter, the obtained results are going to be commented and discussed on a clear 

and easy way. First, the results of the heat part are going to be commented and then, the 

results of pressure part. These two different parts are going to be discussed separately, 

because the interrelation between the pressure study and the heat losses study is not 

strong. 

4.1 DISCUSSION HEAT LOSSES 

As it is said before, the aim of the project is choosing the best solution to reduce the heat 

losses without increasing the project budget. Which means, the aim is achieving a solution 

that combines the reduction of heat losses with a reasonable investment. 

 

After calculating the heat losses for different insulation thickness, the best way to choose 

the optimum solution is evaluating the heat losses comparing them with the cost of the 

work for different insulation thickness, but this is very difficult to evaluate because it does 

not only depends on the price of the insulation. For bigger insulation thickness, bigger are 

the costs to build it and a lot of parties take place on it, like the number of workers or the 

machinery needed to build it. And for instance, in the sea pipe, the stretch that is on the 

sea bottom, the floatability of the insulation may be a big problem if the insulation is too 

big, and keeping the pipe on the bottom will cost a lot of money, and it will increase the 

budget of the project. 

So, the best way to choose the optimum solution is compare an unrealistic insulation 

thickness with a reasonable insulation thickness. With this comparison, it would be 

possible to evaluate which are the minimum heat losses, and how far are the heat losses 

with a realistic insulation from the minimum heat losses. 
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Average heat losses with different insulations
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Table 23 Average heat losses of the year with different insul ation thickness 

 

In this chart is possible to notice that for a thickness bigger than 0.3 meters the heat 

losses do not decrease too much with an increasing of the insulation thickness. Therefore, 

if a thickness bigger than 0.4 is chosen, heat losses will be moderated. 

The minimum heat losses are in 50kW, and this result has been obtained calculating the 

heat losses for a thickness of 2 m, an unrealistic thickness. So it is easy to see that with 

an increasing of 0.4m of insulation from 0.1m to 0.5m the average heat losses are 

reduced from 250kW to 75kW and if we compare the thickness of 0.5 with the thickness of 

2m, it is possible to notice that if we increase 1.5m the insulation thickness, the heat 

losses are reduced only 25kW. 

In the next chart is possible to notice the heat losses in S.E.K, and how they change with 

different insulation thicknesses. 
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Total cost of heat losses per year
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Table 24 Total cost per year of heat losses 

 

Logically the distribution of cost is very similar comparing to distribution of heat losses, the 

total cost of the consumed energy reaches the 7 million of S.E.K. It would be also 

interesting to compare the total energy losses with the total cost of consumed energy. 
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Table 25 Total percent of heat losses comparing to the consumed e nergy 
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This chart of total percentages of heat losses is one of the most important parts of the 

study. In this chart is easier to evaluate which is going to be the selected thickness for the 

project. Continuing with the example of 2 meters of insulation thickness, it reduces the 

heat losses to 2%, almost the same that with 0.7m of insulation thickness and very close 

to the thickness of 0.5 meters. If the thermal distribution in the insulation is compared for 

two different insulation thicknesses, it is possible to notice that the 75% of the temperature 

decrease in the first 50% of thickness. So to over size the insulation thickness makes it 

work inefficiently. It is necessary to repeat that the heat losses are calculated only for the 

main pipe, if the heat losses are calculated for the whole net the total percent of heat 

losses for an insulation of 0.5, or equivalent in the smallest pipes, will reach to 8-10%. 
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Chart 6 Thermal distribution in the insulation for two different ins ulation thicknesses, 0.5 

and 1.5m 
 

So in the case of small insulation the heat losses are going to be very high, and in the 

case of big insulation the heat losses are small but the investment is too high. In the next 

chart is very easy to notice how the total life cost depends on the insulation.  
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Total life cost depending on the insulation thickne ss
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Table 26 Total cost of investment and heat losses during the live  for different insulation 

thicknesses 
 

If the insulation thickness is too small the investment is small but the heat losses are too 

high, thus the life cost is too high. And if the insulation is too big the investment cost is too 

high. 

It seems reasonable choosing an insulation that minimizes the total life cost, the insulation 

cost has to be reasonable in the investment and the cost has to be also reasonable in the 

heat losses during the useful service life. 

Another way to reduce the heat losses would be to reduce the pipes diameter. The heat 

losses depend strongly on the area in contacts with the hot water. If the area is reduced 

the heat losses are reduced. For instance, if the internal diameter is reduced from 

688.8mm to 400mm the heat losses are reduced in a 30%, the reduction would be 

possible for a demand not bigger than 5MW, but in the future the line will have a demand 

of 19MW, so this reduction in the diameter of the pipe is impossible, this impossibility will 

be explained in the part of the pressure study.  

 

In the future, when the demand reach to 19-20MW, as it has been explained in the results, 

the heat losses will continue being the same, but the total percentage of heat losses will 

decrease, this is because the heat losses depends mainly on the internal and external 

temperature difference, and with much more mass flow the temperature difference is the 

same and the energy flow inside the pipes is much bigger, so if the total heat losses are 

compared with the energy flow inside the pipes, the percentage of heat losses is less. The 
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pipes have been designed for the future demand, until 5MW of demand a smaller pipe 

would be recommended.  

 

But, the important solution could be saving energy where it is easy and cheap to save, 

and do not make a big investment to save few energy. This would be the conclusion when 

the owner of the project has to take the final decision. In the project of this new district 

heating line, there are 3 different situations, the first one is the underground pipe, the 

second one is the sea pipe and the last one is the air pipe. These three different cases 

have different investment cost to save energy. 

 

Once arrived to this point is very important to know the meaning of the marginal cost in 

the energy savings. The marginal cost in terms of energy savings represents the change 

in total cost that arises when the energy saved changes by one kW, and mathematically, 

the marginal cost function is expressed as the derivative of the total cost function with 

respect to the savings. 

For instance, in the first case the marginal cost to save one kW more is not very high, 

because the work to put the pipe in the underground will not change too much if the hole 

is 0.5m bigger. So, to increase the insulation in the underground pipe will not change too 

much the total cost of the project. The same will happen with the air pipe, the marginal 

cost for the savings of one kW is not too high because the cost to increase the insulation 

thickness is not too high, and the total budget of the project does not increase too much. 

The savings will be representative comparing to the improvement cost. 

In the other hand, the sea pipe has a very big marginal cost to save energy. It must be 

placed on the bottom of the sea and the insulation due to its little density has a big 

floatability. To compensate this floatability the concrete is used to keep the pipe on the 

bottom. Concrete is an expensive material 

and it is more expensive if it is going to be 

deposited on sea bottom of the sea. 

Therefore, the marginal cost is high and it 

is possible to think about reducing the 

insulation thickness from the optimum to 

another valid thickness to save money.  

For instance, if the sea pipe insulation thickness is reduced in 0.1m the floatability is 

reduced in more than 25%, and if it is reduced in 0.2m the floatability is reduced in a 50%, 

Thickness [m] Volume of insulation [m3]
0.1 229.3612027
0.2 515.2710254
0.3 857.7294682
0.4 1256.736531
0.5 1712.292214
0.6 2224.396516
0.7 2793.049439

Table 27 Volume of insulation 
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which that represents a big economic saving. With 0.5m of thickness the heat losses in 

the case of January (the worst case), in the sea pipe, are round 30kW, with 0.4m are less 

than 35kW and with 0.3m are near to 42kW. 

It is possible to think about reducing the insulation thickness of sea pipe, because the 

marginal cost to save energy is very high. Furthermore the sea pipe is the stretch with 

less heat losses because in the bottom of the sea the temperature in the winter is not so 

cold comparing with the outside, in the summer the heat losses are a little bit bigger than 

in the other cases but in the summer the heat losses are not as important as in the winter, 

autumn or spring. 

 In compensation, the thickness of the air and underground pipe could be increased to 

save the energy that has been lost in the sea pipe due to reduction of thickness. 

For instance, if the energy insulation is increased to 0.6 in the air and underground pipe 

the energy saved comparing with the optimum case is round 7.4kW (in the worst case, 

January). Furthermore if the thickness of the air pipe is bigger the surface exposed to the 

sun radiation is more and the energy that can be gotten from the sun is bigger. 

So, knowing that the optimum thermal configuration is the thickness of 0.5, it is possible to 

say that the better configuration of thicknesses would be reducing the sea insulation 

thickness to 0.3 in the sea pipe, and increasing to 0.6m the insulation thickness in the air 

and underground pipe. In the total year with this configuration the net heat losses would 

be very close to the 0.5 insulation thickness (optimum configuration for the heat losses). 
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Chart 7 Heat losses depending on the months 
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4.2 HYDRAULIC FACILITIES 

In the hydraulic results have been analyzed two different situations, the most unfavourable 

case comparing different demands with different mass flows and the futures situations 

with much more energy demand. 

In the first case with a demand less than 4MW, ensuring 320kPa in the start of the pipe 

will not be problems to satisfy all 

consumption points. The 

pressure losses due to the 

friction with the pipe are not high, 

it is due to the small velocity of 

the fluid inside the pipes, the 

diameter of this pipe has been 

chosen for a big demand of 

energy (big mass flow), therefore 

with less demand of energy the 

pressure losses are very small, 

the pressure losses are 

proportional to the velocity up to 

square. 

 

The case of today is a demand smaller than 4MW and for this demand the fluid velocity is 

between 0.1 to 0.3 meter per second, depending on the internal temperature, and in the 

energy demand. Therefore, the pressure losses in the pipe are not very dangerous. 

To reach 320kPa in the start of the pipe would not be a big problem, and the pumping 

station can reach this pressure without any problem. 

 

If the demand in this new district heating line is not going to be higher the pipe are 

oversized. 

 

In the second case analyzed, the new district heating line is going to be enlarged and the 

demand is going to be increased to 20MW, so the velocity is going to be increased and 

the requested pressure at the start of the line will be bigger. It will have to be around 

380kPa. This pressure could not be reached by the pumping station, and if the pumping 

Pressure losses w ith different velocities
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Table 28 Pressure losses with different velocities  
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station can reach this pressure, the fluid hammers can damage the hydraulic facilities. So, 

to reach this kind of high pressure values is not very recommendable. In the district 

heating facilities the most recommendable situation is not having big pressure located in 

some points, it is better to have small pumping stations instead of a big one in one point of 

the district heating line. Therefore, a new pumping station is necessary to be built after the 

sea pipe. 

This new line is going to be built to fulfil the demand of a new area, today this area is 

without district heating line, so it is very probable that the energy demanded will increase 

in the next years and the mass flow needed to fulfil the demand, will increase. For that 

reason the pipe has been oversized to the value of 0.7m of diameter. Today it is too big, 

but in the future it will be very near to the optimum diameter. The life cycle of the line is 

round 40 years, so the dimensioning of the pipe has to take into consideration the future 

demands. 

 

4.3 UNCERTAINTY IN THE CALCULATIONS 

In all projects, it is very recommendable to know how much variance has the total final 

results. The uncrtainty in the calculations must be quantified. 

In the calculations when the meteorological factors take place, the final results vary with 

the meteorological variations. For instance the average temperature of the year is 5.1ºC 

(Average between 1930-1961). But the year 2007 it was round 5.6ºC, thus the error reach 

the 10%. 

In the heat calculations, to evaluate the convection factor the used formulas has an 

accuracy of 25%. However the importance of the convection factors in the calculations of 

heat losses is less than 2%. So the error in the total calculations is round 1-2%. 

Some assumptions has been taken in order to simplify the calculations, the internal water, 

the water that is going inside the pipes, has been taken as constant in every 50 m, this is 

not truth, the temperature decreases logarithmically in the axial direction. But, the drop 

temperature in every 50 m is very small (0.05ºC, in January), it is due to the high thermal 

resistance of the insulation thickness. It is necessary to remind, that the goal of this 

project is not evaluate exactly the heat losses, but choosing the best insulation solution for 

the problem of heat losses.  
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Furthermore, the internal temperature assumed to calculate the heat losses is a 

theoretical temperature. It is probable that the real internal temperature will differ with the 

theoretical calculated temperature. It can vary in a 5%. 

In the hydraulic calculations, the error is principally in the levels of the heat exchangers, 

the level has been taken from the map, but the real level that they have may not be the 

real. The error in the levels it is probably less than 10%, and this error do not affect the 

total result in more than 3-5%. The roughness has been evaluated from one study of the 

University of Grazz, furthermore the roughness if the pipes have a minimum quality it will 

not represent an error in the calculations. 

In the measures in the maps also may be some errors, but they may represent at 

maximum the 4 or 5 %. 

Summarizing, the difference between the real heat losses and the calculated heat losses 

may vary in a 20%. However, these variations affects all the cases, so the conclusion that 

can be obtained from the calculations are correct. The error in the hydraulic calculations 

can be approximately around 10%, but the conclusions obtained are quite exact. 
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5 CONCLUSIONS 

The aim of the project was evaluating the heat losses in a new district heating 

line and calculating the pressure at the start of the line to fulfil the flow demand in 

the consumption points. 

The purpose of calculating the heat losses is getting the data to evaluate which is 

the optimum insulation thickness, but many times the best insulation thickness is 

not the same in all the situations. The common idea in all the situations is saving 

energy as much as possible at the minimum cost. In our case the cost to choose 

the insulation thickness does not depend only on the cost of insulation, it 

depends more on the cost of the works. Therefore, in each stretch of the pipe the 

optimum insulation thickness will be different. There are three different stretches 

of pipe, the first is an underground pipe, the second stretch is a pipe crossing the 

sea on the bottom of it, and the last stretch is an air pipe, the pipe is going 6 

meter upper the surface in the air pipe stretch. 

In the underground pipe, the cost of the works if the insulation thickness is 

increased the cost of the extra thickness is the only factor increasing the budget, 

the same happen with the air pipe. And the price to increase the insulation is not 

very expensive. But in the sea pipe, if the insulation thickness is increased the 

cost of the extra insulation do not represents too much comparing with the cost of 

the work to increase the insulation. It is because of insulation floatability, to keep 

the pipe on the bottom the material used is concrete, and it is quite expensive to 

put it on the sea bottom. 

So in the sea pipe, the optimum insulation will be smaller than in the thermal 

optimum case. 

The best insulation thickness from the thermal point of view would be the 

thickness of 0.5m, if the cost of the insulation were the most important cost 

parameter, but the total optimum situation would not be using the thickness of 

0.5m. In the sea pipe if the thickness is reduced to the smallest valid thickness, 

0.3m of thickness, the floatability will be reduced in a 50%, reducing the concrete 

needed to install the pipes, and if the air and underground pipe increase the 

thickness from the 0.5m to 0.6m, the heat losses would be very similar than with 

the 0.5m of insulation in all the pipe length. 
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Therefore, the most recommendable selection would be, saving energy when the 

cost to save energy is not high, and reducing investment where the cost of 

savings is high. The price of heat losses with the thickness of 0.5m in the total 

length of the pipe would reach 210kS.E.K. With the reduction in the sea pipe and 

the increase in the air and underground pipe of the thickness the cost is round 

225kS.E.K.  

The cost is higher, but it is necessary to know that in the winter case, when the 

heat is difficult to produce. The extra heat saved, with the increasing of thickness 

from 0.5 to 0.6m in the air and underground pipe, is very similar to the heat lost in 

the sea pipe, with the reduction from 0.5 to 0.3m. Notice, that the length of the 

sea pipe is 900m and the length of the total line is 2850m. 

 

Thus, it is highly recommendable to change to the multi thickness distribution. 

The increase in the insulation price is not high, it can be assumed equal, and the 

total budget is reduced significantly due to the concrete saved in the works to 

keep the pipe on the bottom. 

 

In the hydraulic study, the pressure needed in the start of the pipes has been 

evaluated and with demands of 3MW, the existing pressure is enough to fulfil the 

actual demand but in the future when the flow demand increases to 20MW, the 

pressure needed will be higher than the pressure with 3MW and it would be 

reasonable build another pumping station after the sea pipe. The purpose to build 

the pumping station is having the pressure very distributed in the district heating 

line. It is not very recommendable having high pressure in some parts of the line 

and low pressure in other parts, it would be very dangerous to the hydraulic 

facilities due to the fluid hammers. 

The pressure losses are small in all the length of the pipe. It is due to the low 

velocity of the fluid inside the pipes because the diameter of the pipe is quite big 

for this demand. The pipe has been sized for the future, it would be in use more 

than 40 years and it is going to supply heat to a new area, where the new district 

heating line is going to be enlarged. 
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7 APPENDIX 

The total amount of pages with the calculations reaches to 700 pages. Therefore, 

they are not in the report, they are included in the CD. If the reader is interested 

in calculations and if it is not possible to get the CD do not hesitate and contact 

the author. (javiersan42@hotmail.com) 

In the CD all the calculations, the CAD file and the report (pdf) are included. 


