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ABSTRACT 
 
 
 This project wants to quantify the consequences of high return temperatures in 
district heating networks. The entire project is carried out with real data of the network 
in Gävle (Sweden) and is specially focused on the consequences this temperature has on 
the CHP of the city (Johannes). The project is divided in six chapters and three 
appendices. The first three chapters provide the theoretical basis for the next two 
chapters, where the results will be obtained from energetic and economic points of view, 
respectively. Below a brief abstract is described chapter by chapter. 
 
 Chapter 1: Introduction. First of all the state of the art is presented. The most 
important previous knowledge to understand this project is briefly detailed. Concepts 
such as district heating and cogeneration plants are explained, and at the same time 
Sweden is contextualised with these concepts. Then the aim of the project is detailed as 
well as the method and the limitations of this project. 
 
 Chapter 2: Design temperatures in a district heating network. This chapter 
summarises all the consequences the temperature level has. Also the impact that the 
customers have in the network are detailed, and finally there are some measures to 
reduce the negative impact. 
 
 Chapter 3: Gävle’s district heating network description. The network of Gävle 
with its temperatures, volumetric flows and all the heat producers will be described. All 
the information needed about the network will be in this chapter.  
 
 Chapter 4: Influence of return temperature. Most of the calculations of the 
project with its results are in this chapter. Its aim is to quantify the energy effects when 
the return temperature decreases between [1-10] ºC in the CHP of Johannes. There it is 
concluded that by reducing the return temperature by 10 ºC it is possible to: 

• Increase the electricity output by 4,8 kWe/MWhth. This represents an annual 
increase of 1310 MWhe without using more fuel than the actual usage.  

• Increase the heat recovered from the Flue Gas Condenser by 12,4 GWh/year 
• Decrease the energy used for pumping the water of district heating along the 

network by 42 % compared with actual values. It means that the energy used for 
pumping could be reduced by 592 MWh/year. 

 
Although the project is focused on Johannes, it has been considered something 

of interest to quantify also some advantages of decreasing return temperature for the 
whole system. It helps to understand the importance of this measure. Some results are 
listed below, with a reduction of 10 ºC: 

• Reduction in the heat losses of 9,2 %. It represents a decrease of 9,6 GWh/year 
of the heat losses along the network. 

• The energy used for pumping in the whole system can be reduced by 56%.. 
 

Chapter 5: Economical Benefits. This chapter maps the results of energy savings 
got in chapter 4 into economical earnings. Again, also the energy savings of the entire 
network are economically evaluated.  
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In the case of the network (excluding the effect on the producers), the decrease 
of heat losses represents money earnings corresponding to more than 1000 kkr/year. For 
Johannes, the total money earnings with a decrease of 10 ºC are estimated to 6360 
kkr/year. 
 
 Chapter 6: Final discussion. The obtained results are discussed as well as some 
conclusions and orientations for further investigations.  
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1. Introduction   

1 INTRODUCTION 
 

1.1 BACKGROUND 
 
 This chapter summarizes very briefly the actual situation of district heating and 
cogeneration plants for centralized heating systems. It tries to give a first idea of the 
state of the art as an introduction for this project as well as a technical base for a better 
understanding. 

1.1.1 District heating systems 
 
 For district heating is understood a centralized heating system for a 
neighbourhood, town, city and so on. Instead of having individual boilers at each house, 
district heating systems deliver hot water to all the customers for hot tap water, heating 
systems or industrial processes. 
 

The water is heated in one or more heating plants and then it is transported along 
the entire network to the end users. This hot water is around 70 ºC and 120 ºC 
depending on weather conditions. Each customer has a substation where the heat is 
delivered with a heat exchanger. Then the water is brought back again to the heating 
plant, where it will be heated again. This first closed circuit is called primary circuit, 
and its function is to transport the heat from the plant to the customer substations with 
the minimum losses. The pipes used in the primary are well insulated in order to 
minimize heat losses with the environment. 

 
The customer substations depend on the use of hot water the user has. For 

residential buildings, the most typical scheme is shown on the next figure. In this 
picture can be seen how the hot water coming from the network heats the water required 
for hot tap water on one side, and hot water for the radiators of heating systems on the 
other side. These heat transfers are done through two heat exchangers, one for each 
purpose. Water streams in these heat exchangers are determined by the heating 
requirements, i.e. the more heat required, the more water flows through them. In the 
case of industrial processes, the substation will depend on the needs of the customer. 

 

 
Fig. 1.1: Picture of the customer substation with a parallel connection. 

[Source: Svensk Fjarrvarme] 
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The company in charge of the network is able to monitor how much energy is 

transferred at any substation, and depending on this transfer the company will get the 
bill for the customer. There are several fees on the district heating bills, and they are not 
always the same in all the networks. The most typical fees are related with the energy 
transferred during a period of time (for example a month) and the maximum power that 
the customer could use. These two fees are so common and they are known in the bills 
for electrical energy. There are networks that also include a fee for the volumetric flow 
consumption. It means that if the customer consumes a lot of heat, he will have to pay 
the amount of energy used but also a high fee for the flow. 

 
District heating has many advantages. The combustion to heat the water is only 

done in one place. It means that is easier to study it and improve its efficiency. There is 
only one chimney, not like with an individualized system where each boiler has its own 
chimney. So the exhaust gases can be treated, and it results in a cleaner atmosphere. In 
addition, heating plants can use different kind of fuels, such as coal, natural gas or oil 
but also some renewable resources like biomass. There are also plants that get the heat 
burning waste, so they use energy that otherwise would be lost. Some of the power 
plants produce both electricity and heat, so the global performance is very high. All this 
characteristics usually results in a more environmental friendly system than the 
conventional one. Finally the customers have also some advantages, given that they do 
not have to invest in any boiler or furnace [Svensk Fjärrvärme, 2009]. 
 
 Some networks have also pipes for distributed cold water to supply cold instead 
of heat. This technology is so called District Cooling. It works in the same way as 
district heating, but with chilled water. These networks can be very useful in countries 
with warm climates, but also in countries like Sweden, for very well insulated houses or 
for offices, commercial centers and so on, where in summer there is a high heating load 
(computers, lights, persons…). In Sweden the first cooling plant was built in 1992 and 
at this moment the production of district cooling equivalent to 700 GWh [Svensk 
Fjärrvärme, 2009].  

1.1.2 District Heating in Sweden 
 

Sweden is using district heating since 1948, when the first heating plant was 
built in Karlstad. Since then, district heating has grown hugely all over Sweden. 
Nowadays roughly half of homes in the country is heated by this system. There are 
heating networks in 570 locations. The total heating energy supplied in one year is more 
than 50 TWh. Furthermore, this value is expected to reach 60 TWh in 2010 according 
the district heating association of Sweden (Svensk Fjärrvärme). The total amount of all 
types of energy used in Sweden along 2007 was 624 TWh. 

 
Table 1.1: Shares of heated cities in Sweden by DH 

 
Urban size 
(inhabitants) 

Number 
of cities 

Percentage has 
district heating 

>10.000 107 100 % 
10.000-3.000 228 80 % 
3.000-1.000 380 47 % 
1.000-200 1.220 8 % 

[Source: Svensk Fjärrvärme] 
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Nowadays, 570 of the approximately 1900 cities in Sweden are heated with 

district heating. The distribution of heated cities depending on their population is shown 
on Table 1.1. 

 

1.1.3 Combined Heat and Power plants 
 
 Combined Heat and Power (CHP) or cogeneration plants produce both 
electricity and heat at the same time. These kinds of plants have a really attractive 
performance. They produce heat and electricity with a total performance higher than a 
heating and a power plant separately. For these reasons, they are more environmental 
friendly than the conventional ones, since they use less fuel per MWh produced. 
 
 In a conventional steam power plant, one boiler produces steam at a high 
pressure that will be expanded along a turbine. The boiler transfers the energy content in 
the fuel to the water, which increases its pressure and temperature becoming steam. The 
energy content in the steam is extracted and converted to kinetic energy in the turbine 
and then to electrical energy in the generator. After this energy extraction the steam is 
condensed in a cooling tower or another cooling device and then the liquid water is 
pumped again to the boiler. In the case of gas turbines and engine motors, also the 
energy contained in the fuel is transformed to kinetic energy and then to electricity. 
 
 These kinds of power plants have a thermodynamic limitation, like all the other 
thermal machines that involve heat in their processes. The energy transformation from 
heat to mechanical energy is a very low efficient process, and it is used in all the 
conventional power plants, i.e. fossil fuels based and fission nuclear power plants. The 
efficiency of this process is limited by Carnot’s efficiency. According to the second law 
of the thermodynamics, the maximum efficiency reachable in this conversion in a 
thermal machine is theoretically limited by the efficiency of Carnot, and it is: 
 

h

c
c T

T
−=1η   (Eq. 1.1) 

 
where Tc is the cold temperature and Th is the hot one.   
 

In a conventional steam power plant, Tc is the condensing temperature of the 
steam, due to the heat transferred in the condenser. This temperature could be so low, 
even close to ambient temperature around 30 ºC. On the other hand, Th is the maximum 
temperature at which steam is generated. This temperature has been increased along the 
time and it is limited by the technology available. A high value for this temperature in 
the modern power plants is around 580 ºC. In the case of gas turbines, Th is the 
temperature in the combustion chamber and Tc is the outlet temperature. 

 
With these two temperatures (30 ºC and 580 ºC), the efficiency of Carnot is 64,5 

%. This value is the maximum, because it does not consider the irreversibilities. In fact, 
in modern conventional power plants, the thermal performance is not higher than 40-42 
%. It means that around 60 % of the energy contained in the burned fuel is lost. This 
amount of energy is transformed to heat. 
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Part of the heat losses are really hard to be recovered, such as the radiation 

losses in the boiler or the mechanical losses. However, the most of the heat is thrown 
away in the condenser. This heat is transferred to the cooling water of a river or a sea or 
to the surrounding air depending on the cooling system. Despite it is a large amount of 
heat, the temperature is so low, so it is not possible to get much more work with it. For 
this reason it is said that this heat has so bad quality or, what is the same, the exergy 
content is very low. 

 
In this context, the cogeneration plants tries to face this limitation, producing 

electricity and using the remaining energy for heating purposes. The next figure shows 
with an example the benefits of the CHP plants compared with the conventional ones: 

 
CONVENTIONAL SYSTEM 

Power Plant 
η=37 % 

Heating Plant
η=90 % 

32 Electricity86
54 LossesFuel 

147 55 Heat
61

6 Losses

COGENERATION SYSTEM 

32 Electricity
CHP Plant 
ηe=32 % 
ηt=55 % 

Fuel 
100 55 Heat

13 Losses

 
 

Fig. 1.2: Example of energy flows to compare a conventional and a cogeneration system. 
[Source:Sala Lizarraga, Cogeneración,UPV 1994]  

 
 It can be seen that with the conventional system, much more fuel is used in order 
to get the same amount of heat and electricity. This is only one example, but the 
efficiency ratios used are very usual, so the results are representatives. The CHP plants 
reduce the fuel used and as a consequence decrease the energy wasted and CO2 
emissions. 
 
 In Sweden, the electricity generated in CHP plants is 7 TWh [Svensk Fjärrvärme, 
2009]. 
 
 In networks with both district heating and cooling; there exist Trigeneration 
Plants, where heat, cold and electricity is produced at the same time. These plants use 
absorption chillers to get cold water for district cooling. 
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1.1.4 Literature study 
 

Nowadays, there is an important effort on increasing the efficiency in district 
heating networks. Several studies, projects and papers are written by the experts on this 
topic. Most of them are focused on decreasing the temperature level of the networks, 
and it only can be achieved with improvements on the design of the customer 
substations. 

 
Many papers could be read to know more about these suggested improvements. 

In developing this project most of them have been a good source of information. The 
most useful of them have been the papers of the International Energy Agency (IEA), 
intergovernmental organisation born in 1973 with the oil crisis to enhance the clean 
energy production. Its division of District Heating and Cooling/Combined Heat and 
Power (DHC-CHP) have developed important studies such as: 

 
- Heimo Zinko, Improvement of operational temperature differences in 

district heating systems, 2005. 
- Chris Snoek, Optimization of district heating systems by maximizing 

building heating temperature difference, 1999. 
- Paul Woods, Optimisation of operating temperatures and an appraisal 

of the benefits of low temperature district heating, 1999. 
 

These works could be read for more information regarding the temperature 
levels in a district heating network, their responsible agents and their suggested 
solutions. Some other papers of Svensk Fjärrvärme, can also help for a better 
understanding on district heating and cogeneration. Other associations, such as the 
International District Energy Association or the CHP Partnership of the Environmental 
Protection Agency of U.S. can also give some extra information. 

 
Regarding the specific case of the district heating network in Gävle, another 

study has been used in this project. The Swedish consulting company FVB 
(Fjärrvärmebyrån Sverige AB), analyse since some years ago the yearly benefits of 
district heating in Gävle. Their study compiles the marginal costs of each heating plant 
in the network and tries to give a first approximation of the benefits that can be achieved 
by reducing the temperature levels. This study has been used as a first approximation to 
the problem, but it can not be compared with this project. It is focused on the whole 
network and it does not consider a lot of technical limitations. However, it will be used 
in the discussion of this project. 
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1.2 GOAL 
 
 The aim of this project is to quantify the effects that the return temperature of the 
DH’s water has in the production costs of a CHP plant. The temperature level, as it will 
be discussed many times in this project, has important effects on the performance of a 
CHP and therefore, in its production costs. Hot supply temperature is a design 
parameter and it can be chosen. This temperature should be studied accurately so the 
performance of the network is highly related with it. But on the other hand, the return 
temperature is not an operational parameter. The production plant could not decide at 
which temperature they want to bring back the water from the DH network, but 
however this temperature has also an important effect on the district heating production 
costs. 
 
 The effects that the return temperature has on the network parameters will be 
studied and then transformed into economical impacts. For this exercise one real CHP 
plant will be used. This is Johannes, the CHP plant of Gävle (Sweden). 
 
 Due to the fact that the return temperature level has a huge effect on the whole 
network, some general impacts will also be studied in order to give an idea of the 
importance of reducing this temperature, not only for the CHP, but also for all the other 
agents implicated on the district heating network. 
 
 The results will be compared and discussed with a similar study carried out by a 
FVB (Fjärrvärmebyrån Sverige AB) and called Uppdaterad nyttoanalys för Gävle 
fjärrvärmenät 2008 (Updated Benefit Analysis of Gävle district in 2008). In this work, 
the influence of the temperature levels in the whole network of Gävle is studied. 
 

1.3 METHOD 
 
 This project has been developed with an experimental methodology. All the 
implications of changing parameters in a power plant have many consequences and they 
are really hard to study. For this reason, it has been chosen to work with empirical data 
instead of studying the consequences thermodynamically. It does not mean that the 
results would be less accurate. In fact, working with empirical data ensures that all the 
internal relations between the parameters are considered. 
 
 For this purpose, compiling data from the network in Gävle and from Johannes 
was an important task. This data is all from the last year 2008. For the network this time 
series includes hourly values of the temperatures (supply and return), volumetric flows, 
heat produced and ambient temperatures. In the case of the data from Johannes, it is 
composed also by hourly values of temperatures, volumetric flows, heat and power 
production, ambient temperature, speed of pumps and flue gas condenser production. 
 
 The second task was ordering this time series. In order to have all the data 
summarized in a more useful format, it was arranged according to the ambient 
temperatures and taking into account the number of hours in a year that each 
temperature is reached. For specific cases such as the calculations of pumping energy 
and FGC production, the data has been arranged by more useful parameters. Erroneous 
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data has been deleted, and data of the time when Johannes was closed has not been 
accounted. 
 
 Once all the data was in a proper format, some Microsoft Excel sheets have been 
developed for each purpose. These sheets are shown in the appendices, and its results 
are detailed in chapters 4 and 5. 
 

The study that has been taken in order to compare is one report for the IEA-
DHC/CHP (International Agency of Energy – District Heating and Cooling/Combined 
Heat and Power division), previously detailed and carried out by Heimo Zinko and 
some other researchers: Improvement of operational temperature differences in district 
heating systems. 

 

1.4 LIMITATIONS 
 

This project is based on time series of 2008. It means that the results would 
change in the long term if the heat production varies, for example if much more 
customers are connected to the district heating network. Concluding, the achieved 
results should not be considered for very long term. 

 
Secondly, the economical analysis is based on the actual energy prices. It must 

be considered that in the case of the electricity, the prices fluctuate year by year, and it 
is probable that it will follow an increasing tendency in Sweden. For this reason, the 
economical results should be updated if they have to be used in the future. 

 
Concerning the accuracy, some of the results could be improved if they are 

studied separately. In order to improve the accuracy, the next tasks should be done: 
 

• Heat losses should be studied with a dynamic fluid simulation. 
• Pumping work in the network should be analysed with the pump 

characteristic curves. 
• The FGC and the turbine behaviour should be studied from a 

thermodynamic point of view. 
 
The aim of this project is to give a first approximation of the impact of these 

improvements and to be used as a guideline for further investigations. In order to have 
more accurate results, all the agents related with the district heating network should be 
involved. This project has received the collaboration of Gävle Energi, but however, it 
has been a hard task to compile all the required data. More help from the different 
agents would improve the soundness of the results. 

7 



2. Gävle’s DH network description   

2 DESIGN TEMPERATURES IN A DISTRICT HEATING 
NETWORK 

 
 In this chapter, the temperature levels in a district heating network will be 
explained. These temperatures will be chosen discussing their impact and consequences. 
Later it will be described the effects the customer has in the temperatures of the network. 
Finally, some measures are detailed in order to decrease the return temperature in the 
net. 
 

2.1 THE CHOICE OF DESIGN TEMPERATURES 
 

The choice of the design temperatures is both a complex and a very important 
step in the design of a district heating network. Operational temperatures in the net 
affect the delivery capacity of heat, the heat losses, the pumping work needed to 
transport the water, and finally they have effect on the net electricity production of 
Combined Heat and Power plants (CHP) and the heat produced in heat pumps. Thereby 
it is comprehensible the effort to optimise district heating temperatures that has been 
developed since DH exists. 

 
There are two different temperatures, the supply and the return temperature. The 

first one is the hot temperature of the water that comes from the heating plant and goes 
to the customer substation. This temperature is determined by the production plant. The 
second one is the temperature of the water after this substation, so it is a lower 
temperature. Return temperature is not an operational parameter; it is the result of 
effective operation in practice, so it is influenced by the customers and the topology of 
the network. 
 
 The effects of changes in these two temperatures will be described in the next 
subchapters in a general point of view. In chapters 4 and 5, these effects will be 
described in detail for the network in Gävle from technical and economical points of 
view. 
 

2.1.1 Influence on delivery capacity of heat 
 

In the district heating networks, there are two parameters to control the heat 
energy delivered to the customers. The next equation (Eq.2.1) shows that the power a 
customer receives ( P ) to his substation depends on the temperature difference between 
hot supply and cold return water ( TΔ ), the mass flow ( ) and finally the specific heat 
capacity ( ): 

m&
pC

 

TCmP p Δ= ··&     (Eq. 2.1) 

returnply TTT −=Δ sup    (Eq. 2.2) 
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  is an intensive property that depends on the fluid (for the water 
at standard conditions, but it varies with the temperature). For this 

reason it is not a parameter that can be used to change the power delivered to the 
customers, only the temperatures and the mass flow can be used for this purpose. Since 
Treturn is not determined by the production plant, only Tsupply and the mass flow can be 
changed by the supplier. 

pC
KkgKJC p ·/18,4=

 
 These two parameters are the tools of the production plants to adjust their 
production to the demand at any moment along all the days of the year. It could be done 
adjusting only one of them, for example the mass flow, but it is not good for the devices 
in the network like pumps, to have a large mass flow working range. 
 
 With the equation presented (Eq.2.1) it is shown that the total power delivered is 
proportional to the temperature difference of the medium. It means that any decrease of 
Tsupply or otherwise any increase of Treturn has a decreasing effect on the total power 
transported. An effective district heating network has two characteristics: a low supply 
temperature and a high temperature difference between supply and return. A low supply 
temperature increases the efficiency of production (see the next chapter 2.1.2) and 
decreases the transport heat losses (chapter 2.1.4). On the other hand, a high TΔ  results 
in a mass flow reduction, i.e. pumping energy savings (chapter 2.1.3). 
 
 Hence there is a need of reducing Tsupply and increasing TΔ . Since the energy 
transported is proportional to TΔ , an efficient network should have a low Treturn. As 
have been said before, return temperature is not an operational parameter because it 
depends on the customer’s part of the network. Nevertheless, the effort to have efficient 
networks is resulting nowadays in improvements in the customer’s substations, 
reduction of malfunctions in the substations and their connection to the network. In this 
way, it is important to mention the cascade connection. Some recent projects are 
studying how to connect the heat exchangers of the substation in order to reduce the 
return temperature and the mass flow, and they suggest measures such as cascade 
domestic hot water exchanger and the space heating one in two-step substations①. These 
measures are briefly detailed in chapter 2.3. 
 
 Large nets in Sweden use 120 ºC as the basic design temperature. In other 
countries it can be different. In Germany it is around 130 ºC and in the East of Europe it 
can be even 150 ºC. However some cities in Sweden are working nowadays with 
maximum temperatures of 100 or 110 ºC in the coldest days. In Scandinavian countries 
a new network design has been introduced with low temperature and low pressure that 
use maximum temperatures of 90 ºC. 
 
 Return temperatures depends mostly on the house heating systems. The old 
systems are designed to work with supply temperatures of 80 ºC and return of 60 ºC, 
whereas the modern ones use 60/45 ºC. The combination of these two technologies 
could result in effective heating system temperatures of 70/50 ºC [Heimo Zinko, 
Improvement of operational temperature differences in district heating systems, 2005]. 
  

                                                 
① For more information read: Chris Snoek, Optimization of district heating systems by maximizing 
building heating system temperature difference, IEA-DHC 1999. 
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2.1.2 Influence on the heat and power production 
 
 Low supply and return temperatures have a positive effect on the production. 
Systems with heating-only boilers as production plants have not a large dependence of 
their performance on these temperatures. Mostly only the content heat capacity of the 
medium could be affected by these parameters. Otherwise, in heat pumps or plants with 
condensing devices such as cogeneration plants, the temperature level has a large effect 
on the production. 
 
 In heat plants based on heat pumps (typical case in Sweden), the performance of 
the heat production COP (Coefficient Of Performance – ratio of the change in heat at 
the output to the supplied work) is related with the temperatures. Low return 
temperatures increase the COP; thereby it results in electricity saving for the heat 
production. 
 
 But is in the production plants with condensing devices where the network 
temperatures have a larger effect. This is the case of the production plants of Gävle. In 
cogeneration plants there are stack gas coolers and condensers. It means that the energy 
of the exhaust gases leaving the boiler through the chimney is used to heat the return 
water of district heating. This process is achieved by condensing water content of the 
gases with the return water, so the condensing heat is delivered. The more water content 
has the fuel, the more energy can be recovered.  
 

In stack-gas condensing systems it is needed that the return temperature be under 
dew point of the gas. Otherwise the moisture of it would not condensate. It means that 
Treturn plays an important role in the heat production of this kind of plants, and its 
reduction could represent an important economical profit. The lower this temperature is, 
the higher is the heat that can be recovered. This effect is really significant in plants 
which use wood or waste as a fuel such as Johannes, the CHP cogeneration plant in 
Gävle (see chapter 3.1.1 or appendix 3 for more information about this plant), because 
the water content in the fuel is so high. 

 
The second important effect of the temperature levels in the cogeneration plants 

is related with the electricity production. In back-pressure steam turbines, the flow of 
the cycle is exhaust in the turbine until the requirements of the next process 
requirements. In CHP plants, the next process is just heat the water coming from DH 
network in an exchanger that works as a condenser. It means that for a higher Tsupply, the 
steam is expanded down to a higher pressure, resulting it in a lower electricity 
production. The energy gain depends on the kind of system, if the plant is only 
backpressure, or if it is combined hot and cold condensing plant. In the case of steam 
turbines with more than one level of condensation, not only Tsupply has an effect on the 
power production, but also Treturn could be another factor on it. 

 
On the other hand, a lower return temperature allows a more efficient heat 

production, because the lower the return temperature is, the more latent heat of steam 
can be recovered after the turbine. 

 
To conclude, it could be said that low temperatures level are a requirement to 

use fuels with low energy content such as waste. 
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2.1.3 Influence on the pumping work 
 

The pumping work is the energy needed to transport the hot water from the 
production plant to the customers and then bring it back again to the plant. For this 
purpose some pumps are installed along the network, usually most of them at the 
heating plants. The pressure drop is measured far away from the plant and if the 
pressure is not high enough, the pump is ordered to deliver a higher one. 

 
These pumps have to deliver the pressure that is lost along the supply and return 

pipes owing to friction between the water and the pipes. These frictions have not a 
linear relation with the mass flow, but it is roughly proportional to the third power of the 
flow. It means that a decrease in the water flow has a large impact on the power 
consumption for pumping. 

 
Taking a look again into equation Eq.2.1 it can be seen that for a given power 

delivered, an increase of the temperature difference results in a decreased mass flow and, 
consequently, in a reduction of the pumping work and costs.  

 
Concluding, it can be seen again that increasing the temperature difference has a 

very positive impact on energy savings, in this case, on electrical energy. 
 

2.1.4 Influence on the heat losses 
 

The heat losses in a district heating network are proportional to the temperature 
difference between the ambient and the water of the pipes. Since ambient temperature is 
not an operational parameter, the heat losses depend on the supply and return 
temperatures of the net and its rate flow. For an existing district heating network, with 
all the distribution pipes and their insulation installed, only the temperature levels and 
the flow can be changed in order to decrease the heat losses of distribution. 

 
The next balance shows the energy supplied to the consumer: 

 

conslosspumpplant QQWQ &&&& +=+   (Eq. 2.3) 

 
where  is the heat 

produced in the production plant, 
 is the work transferred by 

the pumping stations,  is the 
heat loss along the network, and 
finally  is the heat supplied to 
the customer substation. 

plantQ&

pumpW&

lossQ&

consQ&

Fig. 2.1: Canal cross section in a DH pipes system 

  
According to the typical 

model represented in Fig. 2.1, with 
the two pipes (supply and return) 
installed in a channel under the 
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ground, heat losses per unit length ( ) can be obtained with the next expression: lossQ&
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Where Tpipes is an average temperature of the two pipes: 
 

2
sup returnply

pipes

TT
T

−
=    (Eq. 2.5) 

 
The losses are multiplied by 2, because of the two pipes, one for supply and the 

other for return water. The thermal resistances of the insulation in the pipes ( ), the 
channel hole ( ), the channel ( ) and the soil ( ) are calculated depending 
on the shape and on the materials, and taking into account the mass flow. 

insR

holeR channelR soilR

 
For this reason it is really important to take into consideration the heat losses 

when determining the optimal design temperatures in a DH system. It must be known 
that normal values of heat losses in district heating network are higher than 10 % of the 
energy supplied. 

 
It might be thought that the optimization of the heat losses is as easy as reducing 

both supply and return temperatures at minimum. In fact, it is true that this measure 
would reduce the heat losses. But other consequences must be considered, such as the 
fact that decreasing the temperature difference would result in a higher mass flow and, 
therefore, a higher pressure drop and higher energy consumption for pumping. 
Furthermore, it is not possible to decrease supply temperatures below the requirements 
of the customers. 

 

2.1.5 Conclusion 
 
The efficiency of a district heating network is primarily dependent on the 

temperature levels. Hence, it is importance to optimize both supply and return 
temperatures. This optimization results in a lower energy consumption, a required and 
well known aim of nowadays. 

 
A proper optimization must take into account all the effects described along this 

chapter and their interaction. It must be known that sometimes the improvement of one 
of these effects results in a worsening of the others. For this reason, in the optimization 
the whole network should be studied: the production, the transmission and the customer 
substations. 

 
The optimization of the network temperatures depends on the boundary 

conditions. Each network has its own values for an optimal solution, so usually the best 
solution of one network can not be extrapolated to others. 
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 Once the main effects of the temperature level have been briefly detailed, this 
project is focused on the return temperature. This temperature is not determined by the 
production plants but, nevertheless it hugely affects the production and transport costs. 
The aim of this project will be, therefore, the quantification of this effect. 
 

2.2 EFFECTS OF THE CUSTOMER IN THE NETWORK  
 
 The customer has an important role on the optimization of a district heating 
network. In order to minimize the electricity consumed by the impulsion pumps in a 
network, the temperature difference between supply and return must be maximized. As 
it has been mentioned before, the supply temperature is a production parameter of the 
heating plant, but not the return temperature. The return temperature depends on the 
customer. A desirable low return temperature is only possible if the customer substation 
is properly designed and works correctly. 
 
 In a district heating system, like in other networks such as the electricity ones, 
the customer has a big influence on the network. In the electricity networks, the grid 
operator must consider the reactive power, the potential difference, the intensity and so 
on. In a district heating system, the temperatures and the flows are the parameters. 
 
 The primary network, i.e. the pipes between the heating plant and the customer 
substation, is designed according to the contracted power of the customers and the 
temperature levels. But when one customer do not maintain a high temperature 
difference in the secondary (pipes after the customer substation), more flow is required 
in the primary to transfer the same heating power. For this reason, when the customer 
returns the water at a high temperature, the substation must increase the flow, resulting 
in a higher pumping work and in the risk for other customers to not receive their 
contracted power. 
 
 The temperature difference must be maximized in order to work with the 
minimum required flow. This annotation should be considered both in the primary and 
the secondary networks. 
 
 In the primary network the water flow is regulated according to the heating 
demand. During the winter, with a higher heat demand, the flow is higher than in the 
summer. A variable flow in the net is the way to optimize the distribution costs. 
 
 In the secondary network, the same consideration should be taken. Three 
different secondary designs will be briefly studied in this chapter, and their influence on 
the network will be explained. 
 

2.2.1 Secondary circuits with 3-way valves. 
 
 The first design for the secondary circuits that will be explained is the one which 
works with a constant mass flow of water. In this design, there is a constant mass flow 
in the customer substation, and a three-way valve regulates the hot water that will be 
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used for the customer. Therefore, there is a variable flow in the customer devices, but a 
constant pressure. A schematic picture can be seen on the next figure: 
 

Substation 

ctm =& ctm ≠&

 
Fig. 2.2: Schema of a secondary with a 3-way valve 

[Source: Districlima] 
 
 The water of the primary arrives to the customer substation. The flow in the 
substation depends on the needs of the customer. When the customer needs more heat, 
the high temperature on the secondary begins to decrease because of the heat 
consumption. Then, the 2-way valve in the primary detects a low temperature in the 
secondary so it allows a higher flow, resulting in higher heat transfer from the primary 
to the secondary.  
 
 In this system, the 3-way valve decides at each moment, how much flow is 
needed for the customer depending on the heat load. The rest of the water is returned 
again to the return pipe through the by-pass without being cooled. Consequently, the 
return temperature becomes higher. It is a problem for the district heating company. 
First of all because the higher temperature in the return of the customer, the more flow 
they have to increase in order to deliver the same power. And secondly it results in a 
high return temperature level on the network. For this reason some district heating 
suppliers in Sweden have a specific bill depending on the mass flow in their invoices. 
 
 For the customer, this is neither the best solution. In this system, the pump in the 
secondary is always working at full load, without depending on the heating demand. 
Consequently, the pumps life is shortened and the electricity bill is increased. 
 

2.2.2 Secondary circuits with 2-way valves 
 
 These kind of secondary systems improve the 3-way valve based systems. In this 
case, the water flow is not constant, but it depends on the heating needs of the customer. 
A 2-way valve regulates the needs of flow depending on the heating load; therefore the 
pump works according to the required flow. It means that the electricity consumption is 
proportional to the heating demand, not like in the first case with the 3-way valve. The 
scheme of the system is shown in the next figure: 
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Substation 

ctm ≠&

 
Fig. 2.3: Schema of a secondary with a 2-way valve 

[Source: Districlima] 
 
 Changing the 3-ways valve for a 2-ways valve, the secondary become a system 
with both variable flow and pressure. This design is commonly used in district heating 
networks. It is usually chosen by the engineers because it needs less maintenance than 
the next system. It reduces the electricity consumption, and ensures a low temperature 
on the return side. 
 

2.2.3 Secondary with a differential pressure pump 
 
 This system uses also a 2-way valve, but in this new case the speed of the pump 
is controlled depending on a control parameter such as the pressure drop, so finally the 
pump electricity consumption is reduced at its maximum. In the next figure, the 
different changes can be analyzed with the two improvements. 
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Fig. 2.4: Characteristic curves of the pumps (continue line) and the loads (dash line) 
[Source: Districlima] 

 
 The point 1 represents a high demand of heat, so the flow is also high. If the heat 
demand decreases, the 2-way valve increase the gauge height, and the working point is 
displaced from 1 to 2. This is the regulation system used in the system with a 2-way 
valve (described in the previous chapter). But if a differential pressure pump is included 
in the secondary, the first point is displaced to 3 instead of to point 2. If the pump speed 
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is decreased, a new curve for the pump appears, and the load curve also changes, 
resulting in the two curves that intersect on the third point.  
 
 The speed regulation is a good way to decrease the electricity consumption. This 
system is the best solution both for the energy supplier and the customer. With this 
design, the customer earns a lot of money because of lower electricity consumption, and 
the heat supplier works with a low return temperature level. 
 

2.3 TO REDUCE THE RETURN TEMPERATURE 
 
 The aim of this project is to analyse the advantages of a reduced return 
temperature. As it will be seen, by reducing this temperature, the whole system becomes 
more efficient. Despite this project is only focused on quantifying the consequences, it 
should be known how it is possible to reduce the return temperature. This point is being 
studied nowadays by technical associations of district heating due to their effort on 
improving the efficiency of district heating networks. Some measures will be very 
briefly described along this chapter. 
 
 The problem of having a high temperature in the return pipes of district heating 
is something related to the customer substations. Most of them are domestic substations 
where the heat is used for hot tap water and space heating purposes. Their cooling 
ability is being increased with new technologies and new configurations.  
 
 The cooling ability of the customer substations can be improved even though 
they are already working. For new designs of substations, cascade connection should be 
considered. In the case of substations that are already working, it is very important to 
check their state, since some studies have proved that more than the expected 
substations do not work properly. These two points of view will be discussed in this 
chapter, using reference studies. 
 

2.3.1 Cascade connection 
 

Chris Snoek, in his study for the IEA (International Energy Agency) 
Optimization of district heating systems by maximizing building heating temperature 
difference [1999], investigated the cooling ability of the customer substations using 
different cascade connections. He studied three different configurations: 

 
• Connection 1 (reference case): all heating subsystems connected in parallel. 

Hot tap water heated with two stages: pre-heater and after-heater. 
• Connection 2: heating subsystems cascaded in two levels. Hot tap water 

heated again in two steps. 
• Connection 3: Connection 2, but the glycol heating system (floor heating) 

placed in the second level, in order to keep the heat demand ratio between 
the two levels more balanced during both night and day. 

 
By cascading the different heat loads it is possible to reduce at maximum the 

return temperature level. The next figure shows an example of cascade connection. It 
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represents the connection 2, explained above, and it is supposed to be used for a large 
multi-functional building. 
 

 
Fig. 2.5: Scheme of a customer substation for a large multi-functional building using cascade connection. 

[Source: Snoeck,1999] 
 
 In the figure above, all the typical heating purposes can be seen. In the left there 
is the hot tap water heating, with its two stages: pre-heater (PH) and after-heater (AH). 
It can be seen that the water after the heat exchanger for the other purposes (HE2) is 
used (Va3) in the preheater if the domestic water is not hot enough. On the other hand, 
all other heating demands are connected on the right using cascade connection in two 
stages. Using by-passes (Bp) after the first stage, the water is diverted to the second 
stage if it is still hot. 
 
 The results were that the cascade connection reduced the return temperature by 
more than 5 ºC (connection 3) and 4 ºC (connection 2). Consequently, the flow 
reduction was almost 8 % (connection 3) and 6 % (connection 2). For other type of 
buildings there were other results. In the case of single-family homes, the improvements 
by cascading the loads were insignificant, since the fan coil loads are small compared to 
radiator loads. Finally, for multi-family home blocks, some improvements were 
achieved by cascading the hot tap water with space heating loads. 
 
 In conclusion, it is important to consider the cascade connections instead of 
parallel connections when new customer substations are being designed. It is a good 
practice which results in advantages for both the customer and the network operators.  
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2.3.2 Malfunctioning substations 
 
 Sometimes, there are malfunctions not noticed in the customer substations. It is 
really bad, because the customer does not notice any problem in his heating system, but 
he is influencing the performance of the network returning the water at high temperature. 
New tools must be studied in order to detect these malfunctioning substations. 
 
 Heimo Zinko, in his study for the IEA (International Energy Agency), 
Improvement of operational temperature differences in district heating systems [2005], 
explain different kind of malfunctions commonly found and suggest new tools to detect 
them. 
 
 According to Zinko, there are two different malfunctions. In the first group there 
would be these ones which impair the customers comfort, because the space heating or 
the domestic hot water would be affected. These kinds of malfunctions are quickly 
noticed by the customer and, for this reason, are usually repaired as soon as possible. 
But there exist another kind of malfunctions that do not affect the comfort of the 
customer and, therefore, are not usually noticed. These malfunctions impair the net 
operation with low temperature differences and high flow rates. 
 
 The same study ensures that previous investigations have determined that in 
Sweden, around 60 % of the malfunctions are related with the heating system, 30 % 
with domestic hot water and 10 % with deficiencies in components such the heat 
exchanger, the pump or the control valve [Walletun, Identification of malfunctions in 
substations by means of the contour mapping procedure, 1986]. 
 
 Typical malfunctions in customer substations are (according to Zinko’s study): 
 

• Damaged valve controller or leaking valves. 
• Incorrect values of reference in the control stations. 
• Secondary systems that are not properly designed to connect to district 

heating systems or badly adjusted. 
• Old and not adjusted space heating systems. 
 
These anomalies should be detected in order to improve the temperature levels. 

It can represent a big investment of money and time, but in the long term the pay-back 
is ensured. 

 
With the improvements that can be done in the long term, carrying measures to 

repair malfunctioning substations and a better designing of the new ones, it is possible 
to achieve temperatures in the return pipes around 10 ºC lower. This range is the one 
which will be used in all the calculation of this project. 
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3 GÄVLE’S DISTRICT HEATING NETWORK 
DESCRIPTION 

 
 
 Gävle is a city located in the middle of Sweden. It is the capital of Gävleborg’s 
county and it is the 15th largest town in the country. It has 92.000 inhabitants. It has a 
district heating network that will be described in detail along this chapter. The energy 
produced along 2008 in the city is shown in the next table: 
 

Table 3.1: Energy production in Gävle in 2008 
 

Energy 
Production 

(2008) 
[GWh] 

District Heating (heat) 767 
Cogeneration (electricity) 97 
Hydropower (electricity) 38 
Wind power (electricity) 0,7 

 [Source: Gävle Energi] 
 

 
 Next figure shows the shares of the different heat suppliers in the district heating 
of Gävle. In green colours are represented the production share of Johannes, and in red 
and yellow, the production of KEAB. This figure is not so accurate, since the electricity 
production of Johannes is included on its boiler production. 
 

Heat Suppliers Gävle

33%

15%

34%

9%

3%

3%

3%
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Boiler
FGC
Mottrycksindunstning,
FGC KEAB
Bio KEAB
VP KEAB
Hetvatten, elånga, olja
Oil Boiler Ersbo

 
Fig. 3.1: Energy production in Gävle in 2008 

[Source: FVB Fjärrvärmebyrån Sverige AB] 
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 Gävle is at the same latitude as Siberia, hence its needs of heat and an efficient 
district heating network. 
 

3.1 PRODUCTION 
 
 The district heating network in Gävle has an annual heat production around 750 
GWh. In 2008 the total heat production was 767 GWh. This amount came from Körsnas 
paper mill waste heat (around 290 GWh/year and 39 % of the total production), the 
CHP Johannes (290 GWh/year and 38 %) and from Kärskar Energi (170 GWh/year and 
23 %).② 
  

3.1.1 Johannes CHP 
 
 Johannes is the most important supplier of hot water for district heating in the 
city of Gävle. It is owned by Gävle Kraftvärme AB (Gävle cogeneration company), 
subsidiary of Gävle Energi AB, companies of the Gävle council. It produces more than 
320 GWh of heat (377 GWh in 2008) and 97 GWh of electricity (96,6 GWh in 2008) in 
a year. In 2008, the working hours were around 6650. The plant is closed during the 
summer, when the heating demand falls and the entire load can be supplied by the other 
plants. 
 

The facility is a steam turbine Combined Heat and Power (CHP) plant; it 
therefore produces both electricity and hot water. In Fig. 3.2 a simplified schema of a 
CHP is presented: 

 

 

GENERATOR TURBINE 

BOILER 

HEAT 
EXCHANGER 

DH 
NETWORK 

PUMP 

Fig. 3.2: Simplified schema of a CHP plant. 
 

It burns biofuel (a mix of: 71 % bark; 22 % RT –wood waste-; 4 % wood chips; 
2 % bark mix and 1 % EO1 oil) to heat water that then becomes steam, which is used in 
the turbine to get electricity. The plant is based on a back-pressure Rankine cycle. It 
means that the low temperature steam leaving the turbine is not condensed, but it can 
                                                 
② This data is from 2005, so it has changed. However, the shares are roughly similar. 
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still be used in a heat exchanger. There the heat is used to increase the temperature of 
the return cold water coming from the district heating network until the supply 
temperature is attained.  

 
The boiler has a power capacity of 77 MW (upgraded in 2004/2005) and its 

efficiency is estimated at 88,7 %. The turbine, called Olga has a power of 23 MW and 
started to work during the whole year in 2006 compared with the rest of Johannes, 
which was inaugurated in 2000. Therefore, in 2006 Johannes became a CHP plant. 
Finally there is a start-burner to heat the sand bed after long working stops, such as after 
summer. The fuel used is EO1. During the summer, two electrical boilers of 700 kW are 
used to keep the pressure in the expansion vessels and feed water tanks.  

 
The condenser of exhaust gases (stack-gas condensing) also called flue gas 

condenser (FGC) from the combustion has a nominal power of 20 MW. This condenser 
cool down the gases from the combustion until their dew point in order to recover some 
of the energy lost through the smokestack (latent energy). This method is very common 
in the plants that use waste, wood or peat, because of their high content of water. It is 
also a useful purification treatment for the smoke gases. In 2008, this condenser 
produced 98 GWh of heat. This amount represents almost one third of the total heat 
production (377 GWh in 2008). 

 
For a more detailed description of Johannes see Appendix 3. 

 

3.1.2 Korsnäs pulp and paper mill 
 
 Körsnas is a forestry company which has a pulp and paper mill in Gävle. This 
company produce its own process steam for their production, and the surplus is 
delivered to the district heating network. Normally this surplus heat supplied, or waste 
heat is around 290 GWh/year and represents a share of 39 % in the network’s 
production.③ 
 
 The fuel used in the heat production comes mostly from biofuels of their 
processes. Typical secondary products of this kind of industries are black liquor and 
bark. They burn these products and get heat for their steam processes and for the district 
heating of Gävle. 
 
 

3.1.3 Karskär Energy 
 

Since 2008 Korsnäs AB owns 59 % of the shares of Karskär Energy AB (KEAB) 
a power plant located next to the production facility of the pulp and paper mill in Gävle. 
They acquired a CHP plant with an annual production of 350 GWh of electricity (38 % 
of the annual electricity consumption of their two plants, in Gävle and in Frövi). So now 
they produce energy in three ways: electricity for their owners, hot water for district 
heating and process steam for the mill.  

 

                                                 
③ Data from 2005. 
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The total heat production along the year for Gävle’s DH network is around 170 
GWh/year (23 % of the production in 2005). Gävle Energi wants to reduce the 
production of this plant, because it uses oil as fuel so it contributes to the green house 
effect and it is not environmentally friendly. 
 

3.1.4 Oil boilers 
 
ERSBO:  
 

Ersbo is a reserve capacity boiler for DH network in Gävle, used for breakdowns. 
The plant has a maximum power of 80 MW (two boilers of 40 MW). The fuel used is 
EO1. The control and monitoring of the plant can be done by Johannes. 
 
CARLSBORG: 
 
 Carlsborg is also a reserve production plant. The facility consists of three oil 
boilers, but only two of them are in operational conditions. They have a heat power 
output of 30 MW per unit, so the total available heat power is 60 MW. 
 

3.1.5 Load duration diagram 
 

The next figure is a load duration diagram of Gävle. It is possible to see how 
many hours there are in a year for each heating demand. It is also a good tool to see how 
many hours each heating plant is working. For low loads, not all the plants have to be 
working because only some of them are enough. When a heating plant has to work or 
not is something related with the marginal costs of each plant. Plants with the highest 
marginal costs will only work for high heating demands during the winter or for 
emergencies. 
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Fig. 3.3: Load duration diagram of Gävle 

[Data: FVB Fjärrvärmebyrån Sverige AB] 
 

 
 At the top of the diagram there are the oil boilers. They are supposed to be for 
breakdowns, but they can also be used for peak demands during the coldest days of the 
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winter (few hours but at the highest heat power production capacity). These plants use 
oil, so they have a high marginal cost, i.e. an additional unit of heat produced has a large 
cost. For this reason its use is reduced to situations where it is strictly necessary. 
 

Johannes is the second heating plant. It produces heat during all the year 
excepting the summer, for total heat demands higher than 75 MW. It has two sources of 
heat, its boiler and the FGC. They work together, because FGC can not work alone 
without combustion in the boiler. 

 
Finally KEAB, including both the paper mill and the CHP works all the year. It 

has more than one source of heat, and not all of them are used during the whole year. 
The CHP and its FGC are used all the year, working as a base load heating plant due to 
its low costs. Biofuel boiler and heat pumps (based on electricity) work only during the 
winter, for heating demands higher than 150 MW. 
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3.2 NETWORK 
 
 The hot water produced in the plants described in chapter 3.1 is delivered to the 
customers through a network in almost the entire Gävle city. Supply pipes transport the 
hot water from the heat plant to the customer substation. There the heat is transferred in 
a heat exchanger to the hot tap water and to the water of the radiators in the case of 
residential substations. Then the water is returned to the plant where it is heated again. 
Approximately 317 km is the length for one way of the pipes (it should be multiplied by 
2 to get the total length of the network). 
 

3.2.1 Temperatures 
  
 In Gävle’s network the average supply temperature was 75,4 ºC during 2008, 
lower than the mean value for Sweden (around 84 ºC). Average return temperature was 
46,9 ºC compared to the Swedish average, almost 47 ºC. The mean outdoor temperature 
of the same year was 7,1 ºC. Figure 3.4 shows supply and return temperatures during 
2008 at different outdoor temperatures. 
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Fig. 3.4. Hourly average values of supply and return temperatures at different ambient temperatures 
along 2008 (all values in ºC). 

[Data: Sweco] 
 

Supply temperatures depend on the expected heat loads and, for this reason, the 
colder is the ambient temperature, the hotter should be the supply water. During winter 
cold days the heat needs are higher so the temperature should also be high in order to 
deliver a large amount of energy. In Fig 3.4 it can be seen the evolution of supply 
temperature depending on the outdoor temperature. The highest values correspond to 
DOT (Dimensioning Outdoor Temperature). In Gävle DOT is -20 ºC and design values 
at this temperature are Tsupp=103 ºC and Treturn=63 ºC. Between 0 ºC and 5 ºC Tsupp 
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begin to be constant for all outdoor temperatures. This point is the “breakpoint” and the 
value of the constant temperature is so called “basic temperature”. It is around 75 ºC in 
Gävle. Before the breakpoint, there is a linear relation between water and outdoor 
temperatures.  
 
 It must be mentioned that these temperatures varies along the network and that 
the return temperatures are a little bit different in Korsnäs (east of the network) and in 
Johannes (south of the network). In the first plant, the temperature is a few degrees 
higher.   
 
 One useful measure of the temperature values in a DH system is the number of 
distribution degree-hours G. This number is obtained multiplying the number of hours 
in year by the temperature difference between the water of the district heating pipes and 
the surroundings as can be seen in the next equation: 
 

8784)·
2

( sup
out

returnp T
TT

G −
+

=   (Eq. 3.1) 

  
For 2008, the number of degree-hours in Gävle was 474.945 ºCh. 

 

3.2.2 Water flow 
 
 The average water mass flow of the whole network was over 2500 m3/h in 2008. 
As in the case of the temperatures, the mass flow depends on the ambient temperature. 
During the winter it is higher than during the summer to increase the energy transported 
to the customers. Figure 3.2 shows the dependency of these two variables: 
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Fig. 3.5: Dependency of the mass flow on the ambient temperature. Hourly values in 2008. 

[Data: Sweco] 
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The flow of the network is controlled by the different pumps in the network. In 
the CHP of Johannes there are two big pumps, one for supply and one for return water. 
At the same time there are also four more pump stations in the network that assure a 
properly pressure in the pipes.  

 
The water used in the network contains a green coloring. It allows detecting 

easily the fluid leakages of the pipes. The total amount of water in the network is more 
or less around 18.000 m3, even though this value changes day by day with new 
customers. Typical values of flow velocity in district heating networks are between 
1m/s and 2m/s for small and large pipes respectively. Concerning the pressure of the 
fluid, 6 bar is a normal average value, taking into account that the pressure is not the 
same in all the points of the net due to losses and height differences. 
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3.3 THE ENERGY MARKET 
 
 The aim of this chapter is to describe briefly the energy market in Sweden and 
especially in Gävle. Two separate points will be described independently, one for each 
market involved in this project, electricity and heat.  

3.3.1 The electricity market 
 
 Some years ago there was a regulated electricity market in Sweden like in most 
of the countries in Europe. However, nowadays a deregulated market is used in Sweden. 
It means that the production companies can not be the same as the owners of the grid, in 
order to avoid a monopoly. 
 
 In the present, only one company owns the grid (Svenska Kraftnät), but there are 
several production companies and all of them can use the grid. These producers 
compete in a market called Nord Pool, where the northern countries (Norway, Sweden, 
Finland and Denmark) trade physically and financially with the electricity.  
 

In Sweden Svenska Kraftnät is the system operator. It has the role of matching 
the total production and imports with the consumption and the exports, i.e. balancing 
the national network. Finally the Swedish Energy Agency is the regulator, a central 
authority which must ensure that the electricity market works efficiently and with a 
proper competition in its trade. 

 
In Gävle, the energy issues are mostly carried by Gävle Energi AB. It is a 

company owned by the municipality, and it is composed of two separate companies, 
Gävle Energisystem AB and Gävle Kraftvärme AB. The first of them is the owner of the 
local electricity network, and the second one is the owner of the production plant 
Johannes. 

 
Johannes, as an electricity supplier, has an income depending on the Nord Pool 

Spot Market, according to the electricity supply and demand. There is also a second 
income, called Electricity Certificate. Since Johannes is a bio-fuel based CHP plant, it 
receives an amount of certificates that they sell to the users through the distribution 
company. The aim of these certificates is to enhance the electricity produced by 
renewable energies. 

 
All the considerations and the prices of the electricity used in this project are 

detailed in the fifth chapter. 
 

3.3.2 The heat market 
 
 Gävle Energi is in charge of part of the heat production and the distribution, with 
its two subsidiary companies Gävle Kraftvärme AB and Gävle Energisystem AB, 
respectively. In the case of the heat, the prices are not related to any spot market, but 
they are fixed by the company. The prices for heat will be described in the fifth chapter, 
with all the economical calculations. 
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4 INFLUENCE OF RETURN TEMPERATURE 
 

In this chapter most of the calculations of the project are explained. Its aim is to 
quantify the energy effects of a return temperature decrease in the network of Gävle 
(Sweden). The studied decrease is between 0 ºC and 10 ºC less than the actual 
temperature level. This range has been chosen because it contains the values that can be 
achieved with nowadays developments, as it has been explained in chapter 2. 
 
 The project is focused on the effects of the return temperature in the CHP plant 
Johannes. Nevertheless, a reduction of this temperature has an important effect on the 
whole network, and for this reason, the first part of this chapter will describe roughly 
these consequences. On the other hand, the second part will be focused in Johannes. 
 

4.1 INFLUENCE ON THE WHOLE SYSTEM 
 

First of all, it is needed to know about the temperature levels throughout the year. 
Supply and return temperatures and the water flow in the network, are variable 
parameters depending on the heating demand, such has been described in the previous 
chapters. Therefore, all these parameters are depending mainly on the ambient 
temperature. The next table shows these parameters in 2008, depending on the ambient 
temperature. 

 
It can be seen that all the parameters, heat production, temperatures, and water 

flows decrease with the ambient temperature. Only the return temperature has a little 
increase for high ambient temperatures, due to the fact that at these temperatures the 
heat losses are lower. 
 

All the calculations of this chapter have been developed with the data ordered 
depending on the outdoor temperature and taking into account the number of hours in a 
year at each temperature (with data of 2008). 

 

4.1.1 Heat Losses 
 
 Heat losses are a really important factor in large district heating networks such 
as the Gävle one. They should be reduced in order to achieve an efficient network. In 
this part of the project the effect of return temperature on the heat losses will be studied. 
 
 Heat losses depend on many factors: level of insulation, temperature difference 
with the ambient, size and shape of the pipes and mass flow are the most important ones. 
The study of these factors in the whole district heating network, along one year could be 
a really long task. For this reason there are some tools that can provide us with 
satisfactory results, a bit less accurate than an exhaustive study of the net, but good 
enough for general evaluations. 
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Table 4.1: Average network parameters of Gävle during 2008 arranged by ambient temperature. 
The averages are weighted according to the number of hours. 

 
Toutdoor Nºhours Flow Heat 

production Tsupply Treturn 

[ ºC] [ - ] [m3/h] [MW] [ ºC] [ ºC] 
-13 1 4189 241 104,2 57,1 
-12 5 4052 220 101,2 56,8 
-11 2 3967 179 94,5 55,9 
-10 8 3998 173 89,3 53,2 
-9 14 4408 186 89,5 53,2 
-8 34 4326 178 88,4 52,8 
-7 45 4291 176 87,7 51,8 
-6 52 4261 172 86,0 51,1 
-5 79 4116 164 84,8 50,2 
-4 130 3912 158 85,1 49,8 
-3 161 3989 151 81,9 49,1 
-2 232 3967 149 80,8 48,5 
-1 319 3962 143 78,9 48,0 
0 569 3844 137 77,9 47,3 
1 719 3648 128 77,0 46,8 
2 535 3569 121 75,4 46,3 
3 531 3356 117 75,5 45,7 
4 411 3145 107 74,4 45,2 
5 311 2968 100 73,6 45,0 
6 326 2729 93 73,5 45,0 
7 351 2405 82 73,4 44,8 
8 327 2130 74 73,4 44,7 
9 349 1907 66 73,6 44,9 

10 335 1716 59 73,2 45,5 
11 299 1538 52 73,3 46,1 
12 316 1333 44 73,2 46,7 
13 346 1208 39 73,1 47,5 
14 375 1114 35 73,3 48,0 
15 348 1037 33 73,8 47,9 
16 267 1011 32 73,8 47,8 
17 233 952 29 73,7 48,5 
18 211 931 29 73,6 48,4 
19 125 903 27 73,5 49,1 
20 110 904 27 73,3 49,2 
21 103 893 26 73,3 49,2 
22 58 887 24 73,0 50,3 
23 30 886 26 73,2 49,6 
24 30 877 24 73,2 50,7 
25 29 882 24 73,1 50,9 
26 17 865 24 73,2 51,0 
27 11 867 24 73,4 50,8 
28 7 873 25 73,9 50,8 
29 16 859 24 73,6 50,7 
30 3 847 23 73,4 51,6 
AVERAGE 2504m3/h 87MW 75 ºC 47 ºC 

 
 [Data: Sweco] 
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First of all the average diameter of the pipes and the total length of the network 
provide us the total surface of the pipes, which will be the surface involved in the 
heating losses. Taking into account that the pipes are circular, the next expression is 
used: 

ldApipes ·
2

··2 ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= π   (Eq. 4.1) 

The network has the next values: 
 

kml
mmd
9,316

110
=
=  

(Source: FVB Fjärrvärmebyrån Sverige AB) 
 

So finally the area of the network is . This is the area of the 
pipes for one way, but the water of district heating is transported first to the customer, 
and then back to the plant, so the total area is two times . 

2109513mApipes =

pipesA
 
With this surface it is possible to get the heat losses at a specific temperature, 

using the average heat transfer coefficient ( ). This coefficient is the mean value that 
summarise the effects of the different water flows in the net, the shape and the different 
insulations used for the pipes. Then the heat losses follow the next formula: 

k

 

)·(··· outDHloss TTkATkAQ −=Δ=&  (Eq. 4.2) 

 
For the network in Gävle, the heat transfer coefficient is . With 

this value, an evaluation of the actual heat losses have been done and also with a 
reduction in the return temperature. Following Eq.4.2 separately for supply and return 
pipes (  and , respectively) and using 

KmWk 2/9,0=

plyDH TT sup= returnDH TT = pipesAA ·2=  the results of 
Table 4.2 are obtained. With the data arranged according to ambient temperature, as it 
has been shown in the previous table, the heat losses are calculated for each outdoor 
temperature, according to the temperatures in the pipes and the number of hours in a 
year at this temperature. 

 
Heat losses in the network are around 104 GWh/year, which represents a loss of 

that is 14 % of the total heat produced in Gävle (767 GWh/year in 2008). By decreasing 
the return temperature, heat losses are reduced in the water coming back to the heating 
plants. Almost 1 % of the heat losses are reduced decreasing 1 ºC the return temperature. 
Thereby there is a double benefit. The customers are receiving more energy, and the 
losses along the network are decreased. Part of the energy saved from the losses is 
delivered to the users. 
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Table 4.2: Summary table of heat losses decreasing return temperature between [0,10] ºC 
 

ΔT reduction 
in Treturn 

Total Heat 
Losses 

Percentile 
Heat Losses 

Losses 
Reduction 

Percentile 
Reduction 

[ ºC] [GWh/year] [%] [GWh/year] [%] 
0 104,0 13,6 0,0 0,0 
1 103,0 13,4 1,0 0,9 
2 102,0 13,3 1,9 1,8 
3 101,1 13,2 2,9 2,8 
4 100,1 13,1 3,8 3,7 
5 99,1 12,9 4,8 4,6 
6 98,2 12,8 5,8 5,5 
7 97,2 12,7 6,7 6,5 
8 96,3 12,6 7,7 7,4 
9 95,3 12,4 8,7 8,3 

10 94,3 12,3 9,6 9,2 
  
 These results can be compared with other similar studies. Martin Rüetschi in his 
article (published by the journal Euroheat & Power in 1997) “The return temperature in 
DH networks – a key factor for the economical operation of DH” conclude that heat 
losses are reduced by around 6 % for a decrease of 10K (0,6 % per 1K reduction of 
return temperature [Heimo Zinko, Improvement of operational temperature differences 
in district heating systems, 2005]. According to Rüetschi’s conclusions, the achieved 
results are acceptable, taking into account that this conclusions are given for a general 
network without accounting specific characteristics, so the results can differ in different 
networks. 
 
 A high reduction in the heat losses could have a large impact in the operational 
parameters of the network. In Gävle, there are several heating plants. They are not 
producing a constant heat throughout all the year, but they produce depending on the 
heat demand. As it has been said in chapter 3.1.5, there is a duration diagram shows the 
operation hours of each plant, depending on its marginal production costs. If heat losses 
are reduced, more energy is being supplied to the customers and thereby the duration 
diagram changes. Heating production can be reduced, so the heat produced by the most 
expensive plants will be also reduced, resulting in energy and money savings. 
 

4.1.2 Pumping work 
 
 In large district heating systems, the energy used for pumping all the water from 
the heating plants to the end users is so significant. By reducing the return temperature 
of the network, it is possible to decrease the water flow transported and, in consequence, 
the energy used for pumping. 
 
 In this project it has been used the heat production of the last year. With this data, 
and reducing the return temperature (it results in a higher temperature difference), the 
water flow can be reduced delivering the same amount of energy. 
 
 With the table of the network the return temperature is reduced between 1 and 
10 degrees, and the new water flow is calculated to obtain the same energy delivered. 
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 Again it is a bit hard to study the pumping work for the entire network without 
empirical data. The next formula is used to know the pumping power: 
 

HgQPpump ···ρ=  (Eq. 4.3) 

 
  is the flow rate, Q ρ is the density of the fluid, g is the gravity and H the 
differential head height. Another way to study parameters of a pumping system is using 
affinity laws. This method can be used with centrifugal pumps, the kind of pumps used 
in Gävle’s network. 
 
 Using affinity laws it is possible to know the pumping power changes for a 
given change of mass flow: 
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 Where Q  is the flow rate [m3/h], H is the head height [m of water] and is the 
speed of the rotor in the pump [rpm]. Then the next expression is obtained: 
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  (Eq. 4.7) 

  
With Eq.4.7, the changes in energy consumption due to a change of the flow rate 

can be studied. For a given flow rate, the power and the new flow, it is possible to know 
the new power. It is possible to use the affinity laws, since the network is already 
designed, so the only parameter that changes is the flow, but not the physical design 
parameters such as diameters, distances and heat coefficients of the pipes and 
insulations. 

 
The following facts have been considered in this chapter: 
 
• The heating demand of the end users should be the same despite the 

reduction of the temperature. 
• A reduction of the return temperature, for a constant forward temperature, 

results in an increased ΔT. 
• Summarizing, if the heating demand is constant, and ΔT is increased, the 

water flow rate could be reduced, and consequently, also the pumping work. 
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The Excel file has been developed with hourly data of the entire network for 

2008. The data used is again arranged according the outdoor temperature. For each 
heating demand, the feasible reduction of the flow rate is calculated. Then an average 
value is obtained for the whole year, weighted according to the number of hours at each 
heat demand. The sheet is shown in the appendix 1, and its results are summarised in 
the next table: 
 

Table 4.3: Summary table of power for water pumping decreasing 
 return temperature between the range [1-10] ºC 

 

ΔT reduction 
in Treturn 

Average flow 
reduction 

Percentile 
flow 

reduction 

Power 
reduction 

[ ºC] [m3/h] [%] [%] 
1 40,0 0,6 1,6 
2 118,5 3,9 11,1 
3 192,2 7,0 19,4 
4 261,5 9,8 26,7 
5 326,6 12,6 33,1 
6 388,1 15,1 38,8 
7 446,2 17,5 43,9 
8 501,2 19,8 48,4 
9 553,3 21,9 52,4 

10 602,8 24,0 56,1 
 

It can be seen that the power used for pumping is highly decreased with a 
reduction of the return temperature. There is a third power relation between the power 
and the flow rate. It happens because the power to pump follows the next equation: 

 
HQP ··γ=    (Eq. 4.8) 

 
where P  is the power, γ  is the specific weight (density · gravity), Q  is the flow 

and H is the head height. H depends on the shape of the network and the pressure drop 
along it, which at the same time has a second power relation with the flow rate. 
Consequently, the power has a cubic relation with the flow. 

 
The achieved results show that the amount of energy to pump district heating 

water can be reduced by around 50 % if the return temperature is decreased by 10 ºC. 
Other similar studies obtain similar results. Martin Rüetschi in his article concluded that 
pumping power is reduced by approximately 40 % for a decrease of 10K [Heimo Zinko, 
Improvement of operational temperature differences in district heating systems, 2005].  

 
Hence the importance of reduce the pumped flow by decreasing the return 

temperature. A small reduction on the return temperature has a large positive impact on 
the pumping issues. 
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4.1.3 Other consequences 
 
 A part from the reduction of the heat losses and the pumping work, reducing 
return temperature has other profitable consequences. 
 
 In heat pumps, the reduction in the cold side, i.e. the return temperature, results 
in a higher Coefficient of Performance (COP). It means that, the lower the water comes 
back, the higher is the efficiency of the heat production. KEAB is using heat pumps to 
produce heat. Their marginal costs would be reduced with the reduction in Treturn. 
 
 Secondly, the reduction of the temperature level in the return pipes, allows to 
increase the use of waste heat from the industries. This is a very common measure in 
Sweden because it is a good way to save energy. It is hard to quantify how much extra 
energy can be added to the system by reducing the return temperature, but it could be an 
important amount. 
 
 Furthermore the reduction in heat losses, permit to produce less heat, so the 
producers do not have to work at the limit capacity. Therefore they can face peak 
heating demands without using oil boilers, which are expansive and contaminant. 
 
 

4.2 INFLUENCE ON JOHANNES 
 
 In this chapter, the influence of return temperature on the two heating sources of 
the plant (the boiler and the flue gas condenser) will be studied. First of all the influence 
on the turbine production, i.e. electricity production and then on the district heating 
condensers will be described. Afterwards, the impact will be analyzed on the stack gas 
heat recover. 
 
 In the same way as in the case of the network study, data of 2008 from Johannes 
has been compiled and ordered according the ambient temperature. The next table 
( Table 4.4) summarises the last year in Johannes during its working hours: 
 

For all the calculations such as average data, the number of hours has been 
accounted. Table 4.4 predict temperatures, flows and heat and power productions at 
each outdoor temperature. Nevertheless, if any pattern is analysed for different ambient 
temperatures it must be considered that the extreme temperatures (both hot and cold) 
with few hours are less accurate. 
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Table 4.4: Average of Johannes parameters during 2008 arranged by ambient temperature. 
The averages are weighted according to the number of hours. 

 
Toutdoor NºHours Tsupp Tret Flow Turbine 

power 
Total Heat 
Production FGC Heat 

Boiler Alpha Pump 
speed 

[ ºC] [ - ] [ ºC] [ ºC] [m3/h] [MW] [MW] [MW] [MW] [ - ]  % 
-13 1 101,6 56,4 1634 18,2 85,5 19,2 66,2 0,28 50,3 
-12 5 99,4 56,1 1342 19,1 67,5 19,7 47,9 0,42 45,4 
-11 2 94,7 55,1 1269 18,4 58,8 19,6 39,2 0,50 44,2 
-10 8 89,7 52,3 1603 17,9 68,7 22,7 46,0 0,39 49,1 
-9 12 89,4 52,6 1881 18,7 80,7 21,2 59,5 0,37 57,0 
-8 28 89,1 52,1 1555 18,0 66,5 17,2 49,2 0,39 49,5 
-7 41 87,0 51,0 1834 19,9 76,3 21,8 54,5 0,40 53,5 
-6 51 85,6 50,4 1826 20,0 74,7 21,1 53,7 0,41 53,6 
-5 76 85,0 49,6 1857 19,9 76,0 22,0 54,0 0,40 53,9 
-4 117 83,7 49,2 1780 19,3 71,2 22,1 49,1 0,43 52,5 
-3 158 81,6 48,5 1948 19,7 74,8 22,0 52,7 0,42 55,4 
-2 230 80,8 47,9 2016 18,5 76,7 22,6 54,1 0,00 57,3 
-1 316 79,0 47,3 2099 18,1 77,2 22,7 54,5 0,37 59,3 
0 539 77,5 46,6 2052 18,0 73,4 22,3 51,1 0,38 58,2 
1 659 76,3 46,1 1944 16,5 68,4 20,5 47,9 0,36 55,8 
2 510 74,9 45,5 1952 16,5 66,7 20,7 46,0 0,38 56,1 
3 473 74,3 44,9 1892 15,8 64,5 19,7 44,7 0,38 54,4 
4 396 73,8 44,4 1786 14,2 61,3 17,8 43,5 0,35 52,8 
5 301 73,6 43,9 1707 14,6 59,2 17,6 41,5 0,38 50,6 
6 297 73,4 43,7 1733 15,2 60,8 17,6 43,2 0,38 51,0 
7 315 73,4 43,4 1674 14,9 58,7 15,7 43,0 0,37 49,2 
8 279 73,3 43,2 1475 14,7 52,2 10,9 41,3 0,38 45,7 
9 287 73,4 43,2 1338 14,2 47,6 9,3 38,2 0,50 43,5 

10 236 73,3 43,0 1349 14,9 48,3 7,8 40,4 0,36 43,3 
11 181 73,2 43,4 1165 12,6 41,2 5,0 36,2 0,32 40,9 
12 134 73,2 43,6 1116 12,6 39,1 4,4 34,6 0,36 40,3 
13 112 73,2 44,1 977 11,0 33,5 3,4 30,1 0,36 39,4 
14 94 73,1 44,2 933 11,0 31,6 4,1 27,5 0,40 38,5 
15 67 72,4 44,5 707 7,4 23,6 4,3 19,3 0,40 35,9 
16 62 73,0 44,3 644 7,9 21,7 3,2 18,6 0,27 36,9 
17 33 73,0 44,8 598 7,9 19,6 3,7 16,0 0,54 36,5 
18 26 72,9 44,6 527 8,4 17,5 0,7 16,8 0,49 36,6 
19 10 73,0 44,3 460 7,6 15,4 0,6 14,8 0,55 36,3 
20 10 72,7 44,9 545 5,2 17,6 2,9 14,7 0,47 36,8 
21 7 73,1 44,8 405 5,1 13,3 0,0 13,3 0,42 36,2 
22 5 74,1 45,5 393 4,9 12,9 0,0 12,9 0,39 36,2 
23 2 73,0 46,6 406 4,9 12,7 0,0 12,7 0,39 36,2 
24 2 72,9 45,7 400 5,0 12,8 0,0 12,8 0,39 36,2 
25 1 73,0 45,4 380 4,8 12,3 0,0 12,3 0,39 36,0 
AVERAGE 75,8 45,3 1708,4 15,6 60,9 16,7 44,2 0,38 51,4 

 
 [Data: Sweco and Gävle Energi AB] 
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4.2.1 Turbine and condenser production 
 
 Fig. 4.1 shows a diagram with the main flows of the cycle used in Johannes. The 
water is heated in the boiler, and leaves it as steam at high pressure and high 
temperature. This stream goes first to the high pressure part of the turbine. This turbine 
is a double casing turbine. It means that it has two independent parts like if there were 
two turbines in one. In the first step of the turbine, it has two steam extractions to 
preheat the water before going to the boiler. 
 
 Olga is a tandem turbine. It means that its two casings work separately as if two 
turbines worked in parallel. The steam enters to the turbine, and the half of it is 
redirected to the second turbine (low pressure). It is not like the conventional turbines, 
where all the steam would go through the high pressure turbine and, after the first 
process extraction, the rest of the steam would cross the low pressure turbine. In the 
case of Olga, the half of the stream goes through each part of the turbine.  
 

Tandem configuration is desirable for turbines that are not working at full load 
the most of the time. Since Johannes is not a base load heating plant it works with a 
large range of heat power output. Therefore a tandem turbine is the best option. In the 
conventional configurations, when the turbine does not work at full load, almost all the 
steam tends to go out by the first extraction, thus leaving the low pressure part without 
enough steam to get a properly performance. In the case of Olga, the steam is always 
separated at 50 % for each turbine, so the two parts work with good steam conditions. 

 
The steam leaving the two casings of the turbine is condensed steam. Its energy 

has been extracted along the turbine, and for this reason there is a state change in the 
water. This steam usually leaves the turbine as a high quality 
( ) saturated mixture or as saturated steam ( ) for low 
loads. These two extractions are brought to two heat exchangers where the district 
heating water is heated. District heating water coming from the flue gas condenser goes 
through a first heat exchanger, where it receives the energy of the condensed steam 
coming from the low pressure part of the turbine. A second heat exchanger does the 
same operation, but in this case with the high pressure steam. Then the water for district 
heating is ready to be pumped along the network. Low pressure steam is converted in 
hot water after crossing the first exchanger, and is pumped to the second heat exchanger 
to exhaust its energy. The mixture of the two extractions used in the heat exchangers is 
now in a liquid state and it is pumped again to the heat boiler, thus closing the cycle. 

kgmixturekgvapourx /9,0≥ 1=x

 
 

4.2.1.1. Influence on the steam expansion. 
 
 The electricity produced in the generator is directly related with the expansion of 
the steam in the turbine. The energy that can be extracted from this expansion results 
from the next expression: 
 

)( outin hhmW −= &   (Eq. 4.9) 
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Fig. 4.1: Main steam and liquid streams in the turbine of Johannes 
[Data: Siemens] 
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  is the steam flow rate, is the enthalpy of the steam at the inlet and  is 
the enthalpy of the steam after the expansion.  is a parameter depending on the 
pressure and the temperature of the steam after the boiler. Thereby, for a given flow rate 
and for a determined boiler conditions,  determines the power output. Again  is 
dependent on the temperature and the pressure of the steam. Given that the steam at the 
outlet must be condensed, the pressure is at the same time a function of the temperature, 
so it has to be the condensing pressure at the outlet temperature. 

m& inh outh

inh

outh outh

 
 In addition, owing to Johannes is a CHP plant, the steam temperature after the 
expansion must be enough to ensure the heat requirements of district heating. Fig. 4.2 
shows the relation with these requirements: 
 

 
Fig. 4.2: Detail of the turbine and its two heat condensers. 

[Data: Siemens] 
  

The steam flows must be hot enough to ensure that district heating water leaves 
the plant at the required temperature Tsupply. Therefore, Tsupply is the parameter that fixes 
the expansion of the steam in the high pressure turbine. For this reason, in a single 
casing turbine, with only one step to condense the steam, only Tsupply and not Treturn has 
an influence on the electricity production. If the condensation is only done in one step, 
the steam only can be expanded until the condensation pressure of a temperature after 
the turbine high enough to ensure Tsupply.  
 
 On the other hand, in the case of Olga, with two condensing steps, not only 
Tsupply, but also Treturn has influence on the expansion of the steam. Since there are two 
steps and each one uses the half of the steam, each condenser heat up the half of the 
heating needs. Then, Tint is the half between Tsupply and Tfgc. It means that the lower the 
temperature is in the water arriving to the condenser, the lower Tfgc is achieved. 
Reduced Tfgc allows the steam to expand to a lower pressure, resulting in a higher 
electricity production in the low pressure turbine. 
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 In conclusion, by lowering the return temperature it is possible to expand more 
the steam in the low pressure turbine, and therefore, it is possible to get more electricity. 
Due to the prices of heat and electricity, it is more profitable to produce as much 
electricity as possible in order to maximise the benefits. In consequence, all the 
possibilities with the aim of increasing the electricity output must be considered. 
 
 
4.2.1.2. Influence on alpha value 
 
 Alpha value is defined as the ratio between the electricity and the heat produced 
in a cogeneration plant: 
 

heat

yelectricit

P
P

=α    (Eq. 4.10) 

  
yelectricitP  and  are the electricity and the heating powers produced, 

respectively. It must be said that this parameter does not include the FGC heat 
production, but only the heat produced in the condensers. Alpha value depends on the 
following parameters: 

heatP

 
• Forward temperature (Tsupply). 
• Return temperature (Treturn). 
• Feed water extractions configuration. 
• Steam conditions after the boiler (pressure and temperature). 
 
Consequently, the electricity production is a function of the heat production. 

When the plant is producing more heat, it produces also more electricity. In the case of 
Johannes, the alpha value is around 0,34 and 0,43. The average alpha value during 2008 
was 0,41. As a thumb rule, it can be said that for 1 MW of the steam, it can be produced 
0,3 MW of electricity and 0,7 of heat. This value do not change a lot during the year. 

 
However, alpha value changes a little along the year, depending on the heating 

load. During the warmer seasons, both heat demand and Tsupply are lower. Consequently, 
with a lower heat production a bit more electricity can be get, since the steam can be 
expanded until a lower temperature. During the cold winter, the heating demand is 
maximised and, thereby, the electricity produced is a bit decreased because Tsupply is 
higher. 

 
As it has been detailed in the previous subchapter, the return temperature has an 

effect on the expansion of the low pressure turbine. For this reason, Treturn has an 
influence on the alpha value. Nevertheless, as it will be discussed, Tsupply has much more 
impact on the electricity production than Treturn. 
 
 
4.2.1.3. Siemens simulation 
 
 In order to know more about the turbine of Johannes, its own manufacturers 
have been visited. One engineer of Siemens in Finspång (Sweden), the company which 
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has produced Olga, helped for a best understanding of the turbine. The aim of the visit 
was to understand and quantify the impact of Treturn in the electricity production and heat 
production in the condensers. 
 
 Internal software of Siemens was used to simulate a steam cycle similar to 
Johannes under different Treturn. The parameters used on the simulation were the tipical 
ones used in Johannes during high loads, when the plant is maximising its output, and 
when the parameters can have larger impact. Return temperatures used in the simulation 
are typical values found in Johannes. 
 
 The following constant values have been used: 
 

• Steam properties: 
- Mass flow:   29,0 kg/s 
- Pressure:   94 bar 
- Temperature: 480 ºC 
- Enthalpy:  3331,2 kJ/kg 
 

• Extractions: two feed-water extractions, with optimal values (not constants) 
of flow rate and temperature in order to maximise the power output. 

 
• Tsupply for DH:   Tsupply=94 ºC 

 
 

With these values, the following results were obtained: 
 

Table 4.5: Effect of the return temperature on heat and electricity production in Johannes. 
 

Treturn Electricity 
Power 

Relative 
change Heat power Relative 

change 
Alpha 
value 

Relative 
change 

Output rate 
increase 

[ ºC] [kW] [%] [kW] [%] [ - ] [%] [kWe/MWth] 
67 22965 0,00 53025 0,00 0,433 0,00 0,00 
66 22990 0,11 53001 -0,05 0,434 0,15 0,47 
65 23015 0,22 52971 -0,10 0,434 0,32 0,94 
64 23041 0,33 52946 -0,15 0,435 0,48 1,44 
63 23066 0,44 52920 -0,20 0,436 0,64 1,91 
62 23091 0,55 52892 -0,25 0,437 0,80 2,38 
61 23116 0,66 52866 -0,30 0,437 0,96 2,86 
60 23141 0,77 52838 -0,35 0,438 1,12 3,33 
59 23166 0,88 52811 -0,40 0,439 1,28 3,81 
58 23191 0,98 52785 -0,45 0,439 1,44 4,28 
57 23216 1,09 52757 -0,51 0,440 1,61 4,76 

 
 [Source: Siemens]  

 
In the previous table two facts must be noticed. Firstly, Treturn represents the 

temperature of district heating water after the preheating of the FGC; hence its high 
values. Secondly, Heat power does not include the FGC heat production. 

 
It is possible to see in the table that for lower return temperatures, the power of 

the turbine is increased. However, it can also be seen that reductions in this temperature 
results at the same time in a reduction of the heat produced in the condensers. Both 
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effects have a linear behaviour with the return temperature being all other parameters 
constant. 

 
Anyway, the most important fact that can be concluded is that Treturn has not a 

large impact on the turbine. However, taking into consideration that the electricity sales 
are the most important economical income of the plant, an increase on the electricity 
output, even if it is low, should be discussed. 

 
With the achieved results, a decrease of 10 ºC results in an increase of 4,8 

kWe/MWth. It means that for each MWh of heat produced, the electricity output is 
increased by 4,8 kWh if the return temperature is decreased 10 ºC. This value could 
seem so low from an energetic point of view, but it has more importance from and 
economical point of view. However, it must be said that this amount of energy should 
not be neglected in order to improve the overall efficiency of the CHP plant. 

 
Taking into account that the boiler of Johannes produced an amount of heat 

above 275 GWh in 2008 an additional output of approximately 1310 MWhe/year could 
be obtained with a reduction in the return temperature of 10 ºC and with almost the 
same production costs. 

 
As in the previous chapters, if the obtained results are compared with the study 

of Rüetschi the conclusions are very similar. Following his article in a two-stage 
extraction turbine (the case of Olga in Johannes) a decrease of 10 ºC leads to an increase 
of electricity generation of 5 kWhe/ MWhth [Heimo Zinko, Improvement of operational 
temperature differences in district heating systems, 2005]. 

 
 In conclusion, reducing the temperature level of the water coming back to 
Johannes is something that can represent a little improvement in the performance of the 
turbine. At the same time, since alpha value is roughly constant throughout the year, it 
is not advisable to reduce the heating load level along the year in Johannes, because 
otherwise it would reduce the yearly electricity production. 
 

4.2.2 Flue Gas Condenser production 
 
 The Flue Gas Condenser (FGC) recovers part of the latent heat content of the 
moisture in the stack gas leaving the boiler. It is a very important device that increases 
the efficiency of the heating plant. Exhaust gas leaves the boiler at around 200 ºC and it 
is the cause of the most important part of the energy losses in the boiler. Part of this 
energy can be recovered by the FGC. 
 
 District heating water coming back from the customers passes through a heat 
exchanger in the chimney. The vapour content in the stack gases is cooled with this 
water and finally it condenses. Consequently, the latent energy of the moisture is 
exchanged with district heating water, so the FGC operates as a preheater before the 
boiler. 
 
 From a theoretical point of view, the next heat balance happens in the chimney: 
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losseseredresensiblelatent QQQQ +=+ cov  (Eq. 4.11) 

 
latentQ  is the heat delivered due to the state change of the moisture in the stack gas, from 

vapour to liquid, since it is supposed that the exhaust gas cross its dew point;  is 
the heat delivered from the stack gas due to its cooling, from the exhaust temperature 
after the boiler to the temperature of the gases after the FGC;  is the power 
recovered by district heating water, which will result in sensible heat, i.e. the water will 
increase its temperature; finally  represents the power not recovered and 
transmitted to the chimney or to any other element which increase its temperature in the 
FGC.  

sensibleQ

eredreQ cov

lossesQ

 
 The total amount of energy recovered from the FGC depends on the following 
variables: 
 

• Exhaust gases 
- Composition. It depends on the fuel used and the content of hydrogen 

in the fuel. 
- Moisture. Also it is a function of the fuel used. 
- Temperature. Depending on the combustion in the boiler. 

• District heating water: 
- Flow rate. It depends on the heating demand of the customers. 
- Return temperature. Also it depends on the heat load. 

• Heat exchanger 
 
Since the exhaust gases and the heat exchanger are parameters that are fixed, 

only the flow rate and the return temperature will influence the power recovered on the 
FGC. The flow rate depends on the heat load of the district heating customers and, 
therefore it is neither an operational parameter.  
 
 By reducing the return temperature of district heating, the cooling capacity of the 
heat exchangers is increased. It means that more vapour ( ) will be condensed, so 
more energy will be recovered from the stack gas and the efficiency of the plant will be 
improved. 

cm&

 
 Fig. 4.3 shows the interdependency between return temperatures and the heat 
possible to recover in the FGC for different kind of fuels. 
 

With Fig. 4.3 it can be concluded that the maximum recovering is attained by 
FGC with humidifiers and using wood chips as fuel. And this is the case of Johannes, 
which uses bark and wood chips (high content of moisture) and an air humidifier in the 
FGC. With these conditions and according to Fagersta Energetics (very known 
company in this sector) and the temperature levels in Gävle, the FGC should have a 
recovering percentage between 30-35 %. For 2008, the average heat recovery 
percentage is shown in next equation. 

 

%38100· ==
production

production

Boiler
FGC

k   (Eq. 4.12) 
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Fig. 4.3: Power recovered on the FGC for different return temperatures and different fuels. 

The power in this graphic is the heat that can be recovered in the FGC  
as a percentage of the heat produced in the boiler. 

[Source:Fagersta Energetics, AB] 
 
 In the same way as Fagersta, it has been tried to get a function of the heat 
recovery percentage depending on the return temperature but with the real data of 
Johannes in 2008. 
 
 For this purpose, the annual data of 2008 for the FGC is arranged by return 
temperatures instead of ambient temperature. The summary table, for steps in the 
reduction temperature of +/- 1 ºC is presented in Table 4.6. 
 

Heat recovery is decreased with higher temperatures. It should be accounted that 
extreme values (highest and lowest) of the return temperature have few hours and, 
therefore, they are not representative.  
 

It is important to work with the heat recovery, and not with the total heat 
production in the FGC, because the energy content in the stack gas is dependent on the 
heat produced in the boiler. During the coldest days of the winter more fuel is used in 
the boiler and, consequently, more heat is produced. During these days, the stack gas is 
hotter and has more moisture content. For this reason it is possible to get more energy in 
the FGC. On the other hand, during the warm days, both the boiler and the FGC have 
lower productions. 
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Table 4.6: Summary table of FGC production along 2008 arranged by return temperature. 
 

Treturn NºHours Heat from 
Boiler 

Heat from 
FGC 

Heat 
recovery 

[ ºC] [ - ] [MW] [MW] [%] 
35 1 24,8 20,9 0,85 
38 1 28,3 22,4 0,79 
41 53 38,6 18,1 0,50 
42 268 39,0 19,0 0,52 
43 477 41,5 19,5 0,51 
44 621 44,4 20,1 0,49 
45 761 45,3 21,0 0,50 
46 911 49,2 22,1 0,48 
47 685 49,4 22,4 0,48 
48 385 55,7 22,5 0,43 
49 231 55,7 22,5 0,43 
50 120 52,7 22,0 0,45 
51 58 56,1 20,7 0,40 
52 34 52,5 19,9 0,41 
53 13 52,0 21,0 0,44 
54 10 41,7 20,6 0,56 
55 3 45,7 19,0 0,48 
56 2 46,9 18,4 0,46 
57 3 42,2 19,7 0,49 

 
 
 With the data of working hours④ in 2008 arranged by return temperatures (with 
steps of +/- 0,1 ºC) the next curve is obtained: 
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Fig. 4.4: Heat recovers depending on the return temperature  

(Average values of 2008) 

                                                 
④ The FGC works during fewer hours than Johannes. It is supposed that the FGC works during around 
4700hours/year. 
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 This curve will be used to predict the FGC heat production for each return 
temperature. In order to know how this curve predicts the production, one test has been 
done. The real values of recovered power in the FGC have been compared with the 
prediction values for the same temperature levels (data shown in Table 4.6: Summary 
table of FGC production along 2008 arranged by return temperature.). The results 
concluded that at the same temperature levels the prediction makes an error of -5 % 
when the annual heat production is evaluated. It means that the prediction estimate a 
lower production in the FGC, resulting in an error of 5 % during the whole year. For 
more accurate results, the FGC should be studied thermodynamically. 
 
 With these assumptions, the next results have been obtained: 
 

Table 4.7: Summary table of the earnings in pumping by reducing the return temperature. 
*Reference values (values of 2008) 

 
ΔT 

reduction 
in Treturn 

Annual 
Power 

Average 
Annual 

Production
Relative 
Increase 

[ ºC] [MW] [ MWh] [%] 
0* 21,2 98350 - 
2 21,3 98784 0,4 
3 21,8 101202 2,9 
4 22,3 103355 5,1 
5 22,7 105244 7,0 
6 23,0 106869 8,7 
7 23,3 108229 10,0 
8 23,6 109325 11,2 
9 23,8 110157 12,0 

10 23,9 110725 12,6 
 
 For a reduction of 10 ºC, the FGC is supposed to produce 12GWh/year more (a 
relative increase of more than 12 %). It is an important additional production that can be 
obtained with the same fuel usage of nowadays. 
 

In addition, even increasing the FGC production, the temperature before the 
turbine is reduced if the return temperature is also decreased. In consequence, the 
overall efficiency of the plant is increased. The FGC recovers more energy that 
otherwise would have been wasted. And the turbine can expand the steam till a lower 
temperature increasing the total energy output (heat from the condensers plus electricity 
from the turbine). It means that from an energy unit of fuel input, the plant could get 
more energy than without a return temperature reduction. 
 
 In addition to the energy savings and the improvement in the performance, FGC 
has another advantage for the CHP plant. The fuels used in the boiler are paid for their 
dry energy content, so it means that all the latent heat recovered in the FGC is energy 
that has not been paid. 
 
 The fuel used (bark, wood chips…) have high water content (it is usually higher 
than 40 %). However it is sold depending on its Lower Heating Value (LHV) and not on 
its Higher Heating Value (HHV). HHV is the energy that you can recover from a 
combustion taking into consideration the latent heat remaining in water of the stack gas. 
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On the other hand, LHV only considers the energy that it is possible to get directly from 
combustion, without condensing the moisture of the flue gases. 
 

When the fuel is burnt, some of the energy delivered by the combustion is 
wasted for evaporating the water content of the fuel (latent heat). This water changes its 
state from fluid to vapour, thus increasing its internal energy. Due to this state change, 
some of the energy of the combustion is not useful at first. But if a FGC is used in the 
combustion, the energy remaining in the gases as latent heat can be recovered.  

 
For this reason, sometimes it is said that the efficiency of the plant is higher than 

the unit, or the heating production is higher than the nominal power of the boiler. 
Thermodynamically it is not less than impossible. But the engineers related with energy 
plants are used to work with LHV values, and then it is possible to get more energy than 
the LHV value in the outlet, because the latent energy recovered was not accounted in 
the inlet. Using HHV it is not possible to get efficiencies higher than the unit because in 
this case all the energy involved in the process is accounted. 

 
Concluding, the FGC gets energy that has not been paid with the fuel. For this 

reason its marginal cost is really low, and therefore it is really important to increase its 
production from an economical point of view. Furthermore, as it has been said before it 
is important to use the FGC to improve the efficiency but also to recover some of the 
hazardous elements of the exhaust gases from the combustion. 
 

4.2.3 Pumping work 
 
 The energy used to pump the water for district heating heated in Johannes can be 
reduced if the return temperature is decreased. The explanation is the same developed in 
chapter 4.1.2. Following the same assumptions than in this chapter, a new Excel sheet 
was developed with the data of the last year. Delivering the same amount of heat along 
the year, an increase of the temperature difference allows to decrease the flow rate and 
therefore, the energy consumed for pumping in the two pump stations of Johannes 
(impulse and return). 
 
 In the case of Johannes the affinity laws has not been used. Some data of the 
pumps in the plant was compiled in order to get a more accurate result. Table 4.8 shows 
some technical characteristics of each pump. 
 

Johannes is using two pumping stations to pump district heating water, one for 
the impulse and the other for the return. Each station is composed of two pumps in 
parallel connection. It means that each pump is working only with the half of the total 
flow leaving or coming back to the plant. Parallel connection is very common in pumps 
usage. With this configuration, one of the two pumps in each station can be repaired 
without any need to cut off the supply. 
 

Each pump is moved by an electrical motor with a transmission flexible shaft 
coupling. The relation between the speed of the pump (in a percentage of the nominal 
speed) and the flow that it impulses are shown in Fig. 4.5. 
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Table 4.8: Technical data of the pumping system in Johannes for each pipe. 
 

Pumps in Johannes 
Manufacturer ABS Pump AB 
Type Centrifugal 

Operating Data 
Pump media DH water 
Volumetric flow 2000m3/h 
Pressure 62m 
Speed 1490rpm 
Power 392kW 

Power Source 
Manufacturer/Model ABB / HXR 400 LC4
Voltage 690V 
Frequency 50Hz 
Power  400kW 
Protection Form IP55 

 
 [Data: Pump’s brochure. See appendices for more information] 
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Fig. 4.5: Speed of the pumps (percentage of the nominal) depending on the volumetric flow. 

(hourly values of 2008) 
 
 It can be seen that the two parameters follow a square relation. However, it is 
possible to consider a linear relation for flows higher than 1000m3/h. This hypothesis is 
used by the affinity laws (Eq.4.4).The error made using these laws would not be very 
high, since the pumps are working above 1000m3/h during most of the working hours. 
 
 Fig. 4.6 shows the working points in the characteristic curves of the pumps. 
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Fig. 4.6: Working points of 2008 (red line) represented in the characteristic curves of the pumps  

(see the brochure of the pumps in the appendices) 
 
 In the first diagram of Fig. 4.6, it can be seen the head height that each pump has 
to face depending on the flow rate. At the same time it can be achieved the performance 
of the pumps with the red line (working points during 2008). On 2008, they were 
mainly working with a performance between 86 % and 89 %. 
 
 On the other hand, in the second diagram the red line indicates the power 
consumption at each flow rate. It should be seen that the pumps usually work at low 
conditions. This fact is important, because if one of the units in a couple of pumps 
(parallel connection) is being repaired, the other pump should work at doubled flow 
rates. 
 
 With the second diagram ( P=f(Q) ), it is possible to get the power consumption 
of each flow rate. The red line, which indicates the normal working conditions in the 
pumps for a given circuit (in this case the district heating network pipes in Gävle), is 
exported to an Excel sheet. 
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Fig. 4.7: Power curve of the pumps in Johannes depending on the volumetric flow. 

(Average points represented in Table 4.X were used, instead of hourly values of 2008) 
 
 
 In order to check the affinity laws used for the network, the power curve was 
transformed. In the next figure, the cube root of the power is represented depending on 
the flow: 
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Fig. 4.8: Cube root of the power depending on the flow. 

 
 The cube root of the flow can be predicted by the flow with a linear relation (R2 
value of 0,93). This conclusion demonstrates that the assumptions used with the affinity 
laws (Eq.4.6) for the whole network are acceptable. 
 
 With the curve presented in Fig. 4.7, the power consumption can be predicted 
for every volumetric flow. An excel sheet has been developed to study the earnings in 
pumping energy with reductions in the return temperature. It has been considered that 
the same amount of heat has to be delivered to the customer so, for an increased 
temperature difference, the flow can be reduced. In this study the yearly data has not 
been arranged by ambient temperature, but by volumetric flow delivered during 2008. 
This is a way to get more accurate results. All this data arranged by different volumetric 
flows can be seen in the appendices. 
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 The results of this study are summarised in Table 4.9. All the values are given 
only for one pump, so in order to get the total values, the energy savings should be 
multiplied by four. 
 

Table 4.9: Summary table of the earnings in one pump by reducing the return temperature. 
*Reference values (values of 2008) 

 

FLOW RATES 
POWER 

CONSUMPTION 
ENERGY 

CONSUMPTION ΔT 
reduction 
in Treturn Annual 

Average Reduction Annual 
Average Reduction Annual 

Consumption Reduction 

[ ºC] [m3/h] [%] [kW] [%] [ MWh] [%] 
0* 856 - 58 - 351 - 
1 830,0 3,1 54 7 326 7 
2 804,5 6,0 50 13 304 13 
3 780,6 8,8 47 19 285 19 
4 758,1 11,5 44 24 268 24 
5 736,8 13,9 42 28 254 28 
6 716,7 16,3 40 31 241 31 
7 697,7 18,5 38 35 230 35 
8 679,6 20,6 36 37 220 37 
9 662,5 22,6 35 40 211 40 
10 646,2 24,5 33 42 203 42 

 
 The achieved results show, one more time, the positive impact of a reduced 
return temperature. In this case, there is not a linear relation between the temperature 
reduction and the earnings.  
 
 It can be seen that with a temperature reduction of 10 ºC the average volumetric 
flow in a year is reduced by 24,5 %. This reduction in the flow results in an energy 
saving of 148 MWh/year (reduction of 42 % to the reference value) for each pump in 
Johannes. It means that accounting all the four pumps used in Johannes, the total energy 
savings are almost 600 MWh/year for a reduction of 10 ºC. 
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4.3 SUMMARY TABLE 
 
 All the results obtained in subchapters 4.1 and 4.2 are combined and summarised 
in the next table: 
 

Table 4.10: Summary table of the effects due to reduced Treturn in the network and in Johannes. 
 

NETWORK JOHANNES 

PUMPING HEAT LOSSES HEAT ELECTRI
CITY PUMPING 

ΔT 
reduction 
in Treturn 

Flow 
reduction 

Power 
reduction 

Heat losses 
reduction 

Condenser 
production FGC production Turbine 

production 
Flow 

reduction 
Energy 

reduction 
Energy 

reduction 

[ ºC] [%] [%] 

 

[GWh/ 
year] [%] [%] 

[GWh/ 
year] [%] [%] [%] [ MWh] [%] 

1 0,6 1,6 1,0 0,9 -0,05 - - 0,11 3,1 25,5 7,2 
2 3,9 11,1 1,9 1,8 -0,10 99 0,4 0,22 6,0 47,2 13,4 
3 7,0 19,4 2,9 2,8 -0,15 101 2,9 0,33 8,8 66,1 18,8 
4 9,8 26,7 3,8 3,7 -0,20 103 5,1 0,44 11,5 82,6 23,5 
5 12,6 33,1 4,8 4,6 -0,25 105 7,0 0,55 13,9 97,1 27,6 
6 15,1 38,8 5,8 5,5 -0,30 107 8,7 0,66 16,3 109,9 31,3 
7 17,5 43,9 6,7 6,5 -0,35 108 10,0 0,77 18,5 121,2 34,5 
8 19,8 48,4 7,7 7,4 -0,40 109 11,2 0,88 20,6 131,2 37,4 
9 21,9 52,4 8,7 8,3 -0,45 110 12,0 0,98 22,6 140,2 39,9 

10 24,0 56,1 9,6 9,2 -0,51 111 12,6 1,09 24,5 148,1 42,2 

 Summarising, a reduction of the return temperature has a positive impact on all 
the production issues except on the heat production of the condensers. Nevertheless this 
negative impact can be neglected since it is quite low. 
 
 For the network, the larger percentile effect is on the pumping work for district 
heating water. However the most important savings are on the heat losses, since its 
reduction has a big influence in the duration diagram of Gävle and consequently, on the 
production costs. 
 
 In the case of Johannes, the most important savings come from the pumping 
work reduction and from an increased FGC heat output. Again, the higher percentile 
impact is related with the pumps, but the highest gains are obtained owing to the heat 
production on FGC rise. 
 
 
 
 
  
 

51 



5. Economical benefits   

5 ECONOMICAL BENEFITS 
 
 
 In the last chapter all the energy savings due to a lower temperature level have 
been analysed. Now is interesting to study what these energy savings means in terms of 
money. The economical analysis is the one which can convince all the district heating 
agents of the advantages of a reduced temperature level in the network. Following the 
structure of the last chapter, first of all the whole network producers will be analysed, 
and then there will be a specific study for the case of Johannes. 
 

5.1 ECONOMICAL BENEFITS FOR THE WHOLE SYSTEM 
 

The two effects studied for the network results in substantial economical 
earnings as well as energy savings. Pumping work reduction results in a decreased 
electricity consumption and minimising the heat losses results in a decreased needs of 
heat production.  
 

5.1.1 Distribution costs 
 
 Pumping work reduction represents a decrease of electricity consumption. Water 
of district heating is pumped from the heating plants with their own pumps. Owing to 
the fact that the network is so large and asymmetric, some more pump stations are 
required besides the heating plants ones. Therefore, both heat producers and the heat 
distributor (Gävle Energi) would be benefited by this measure. 
 
 The distribution earnings can not be quantified, since there is not available data 
of the total energy used for pumping in the whole network. 
 

5.1.2 Generation costs 
 
 If the heat losses along the network are decreased, the total heat capacity of the 
system is increased. This measure has two consequences, one at short term and the 
second one in the long term. 
 

Firstly, from a short term point of view, the measure would change the shape of 
the load duration diagram. The curve would be moved downward throughout the year. It 
means that the heat coming from the most expensive producers would be reduced and, 
thereby, the total production costs would as well be reduced. Another point of view 
could be that it is possible to reduce the heat coming from the most pollutant plants and 
the system would become more environmental friendly.  
 

In the future, in the long term, it means that more customers can be connected to 
district heating system without any investment to enlarge the production side of the net. 
The actual yearly production costs would deliver heat to more customers so the price of 
the heat could be reduced. A reduction of the return temperature of 10 ºC can be 
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5. Economical benefits   

achieved in the long term, and it would result in an increase of the heating capacity of 9 
GWh taking into account the actual annual consumption, which is a substantial value. 

 
In order to quantify the reduction of heat losses in terms of money, an average 

marginal cost for heat production in Gävle should be calculated. The next figure shows 
the marginal costs of the different production sources in the city: 
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Table 5.1: Marginal prices for heat production in Gävle. 

[Data: FVB Fjärrvärmebyrån Sverige AB] 
 
Considering the production of each heating source, a weighted average value for 

the marginal costs is obtained for the district heating of Gävle. It is 108,5 kr/MWh. 
Based on this figure, the saving obtained by reducing the return temperature by 10 ºC, 
with the corresponding reduction of heat losses will be:  
 

yearkrMWhkryearGWhB /600.041.1/5,108·10·/6,9 3 ==  
 
But this is not the only benefit regarding the decrease of heat losses. As it has 

been said in chapter 4.1, the reduction of heat losses enlarges the capacity of heat 
producers. It means that the bottlenecks of the system would be reduced as well as the 
oil boilers production for peak loads. 

 

5.2 ECONOMICAL BENEFITS FOR JOHANNES 
 

Following the structure used in the previous chapter, the economical benefits for 
the CHP will be divided into generation and distribution costs 

. 
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5.2.1 Generation costs 
 
In the CHP of Johannes, the most important economical input is the electricity 

sales. Electricity is a better energy carrier than the heat (it has more exergy, i.e. more 
capacity to produce work) and consequently it is better paid. From an economical point 
of view it is important to maximise the electrical energy produced. 

 
Johannes sells the electricity produced in the turbine at a price depending on the 

spot market in Nordpool. As it can be seen in Fig. 5.1, the prices fluctuate along the 
year depending on the supply and demand.  
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Fig. 5.1: Spot electricity prices in Nordpool along 2008 

[Source: Nordpool] 
 
On the other hand, Johannes receives an electricity certificate because they are 

producing electricity from biofuels. In consequence, the economical income of 
electricity production is depending on the spot prices and these electricity certificates. 
Since the price is changing day by day, it is hard to assess an average value to evaluate 
the economical impact. According to Nordpool prices of 2008, the price of the 
electricity produced by the CHP has been settled to 44,73 €/MWh (average value of 
2008). Using the exchange rate of June 2009 (1 € = 10,726 kr), the Swedish price will 
be 480 kr/MWh.  

 
A reduction of 10 ºC will be considered. It results in an electricity production 

increase of 4,76 kWe/MWth. Taking into account that the heat produced in the boiler 
was 275,12 GWh in 2008, the additional electricity production would be 1310 
MWh/year. With the price of 480 kr/MWh, the additional economical earning would be 
the next: 

 
yearkkrMWhkryearMWhBturbine /628/480·/1310 ≅=  

 
The economical benefits of other temperature reductions are shown in 

subchapter 5.2.3. 
 
It should be considered that only the spot price is being considered, and not the 

revenues for using biofuel as a renewable energy. Therefore, the economical results 
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would be higher. On the other hand it must be known that the electricity prices have 
shown an increasing tendency in Sweden since long time ago (see Fig. 5.2). The 
deregulated market has increased the electricity prices. Sweden had very low marginal 
costs for electricity production (the most of the energy come from nuclear and 
hydroelectric power plants) and the deregulated market has equilibrate the electricity 
value up to the higher prices of Europe. 
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Fig. 5.2: Spot electricity prices in Nordpool along the last years 

[Source: Nordpool] 
 
 
In the previous chapters, it has been concluded that the energy produced in the 

FGC is increased with the reduction of return temperatures. That is a good measure 
because the production costs of the FGC are much lower than the ones of the condenser. 
At the same time it has been seen that this increase does not affect the steam cycle, far 
from it, this measure can improve the performance of the turbine and the condenser 
together. The important fact is that the heat production of the condensers remains 
almost the same and, therefore, the alpha value and consequently the electricity 
production is not affected. This is so important since the electricity is the most 
profitable product of Johannes. 

 
Nevertheless, the heat production is highly increased in the FGC, and it will 

have a high economical impact on Johannes. The CHP sells heat to the distributor 
(Gävle Energi AB) at a fixed price of 440 kr/MWh. The marginal production costs for 
the FGC have been settled at 10 kr/MWh. For a reduction of 10 ºC the total energy 
produced in the FGC would be 111 GWh/year. It represents 12,4 GWh/year more than 
the actual production. From an economical point of view, the benefits are: 

 
yearkkrMWhkryearGWhBFGC /5321/430·1000·/4,12 ≅=  

 
For benefits at other temperatures see Table 5.2. 

  

5.2.2 Distribution costs 
 

Johannes buys electricity to the grid for its operation. It needs electrical energy 
for their production and support processes. Focusing in the aim of this project, a 
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reduction of the return temperature only affects the electricity used for pumping 
purposes, i.e. pump district heating water to the customers. 

 
Along subchapter 4.2.3, it has been demonstrated that a reduction of return 

temperature of 10 ºC results in a decrease of 148 MWh/year for each pump. From an 
economical point of view and accounting that there are 4 pumps in Johannes, this 
reduction means: 

 
yearkkrMWhkryearpumpMWhpumpsBpumping /410/692··/148·4 ≅=  

 
 The price at which Johannes buys the electricity is not the same as the one it 
sells. The price of electricity for Johannes is estimated at 692 kr/MWh. Benefits at 
different temperatures are shown in Table 5.2. 
 

5.2.3 Global benefits for Johannes 
 

Concluding, the global economical benefits for the CHP can be seen in Table 5.2. 
 

Table 5.2: Summary table of the economical impact due to a decrease in the return temperature. 
 

Heat Production Electricity 
production Electricity Consumption ΔT 

reduction 
in 

Treturn 

Increase of 
Energy 

outcome 

Money 
Income 

Increase 
of Energy 
outcome 

Money 
Income 

Energy 
Savings 

(1 pump) 

Energy 
Savings 

(4 pumps)

Money 
Earnings 

TOTAL 

[ºC] [GWh/year] [kkr/ 
year] 

[MWh/ 
year] [kkr/year] [MWh/ 

year] 
[MWh/ 
year] [kkr/year] [kkr/year] 

1 - - 130 62 25 102 70 133 
2 0,4 187 260 125 47 189 131 442 
3 2,9 1226 395 190 66 264 183 1599 
4 5,0 2152 525 252 83 330 229 2633 
5 6,9 2964 655 315 97 389 269 3548 
6 8,5 3663 786 377 110 440 304 4344 
7 9,9 4248 916 440 121 485 336 5023 
8 11,0 4719 1047 503 131 525 363 5585 
9 11,8 5077 1178 565 140 561 388 6031 

10 12,4 5321 1309 628 148 592 410 6360 
 

It can be seen that with a reduction of 10 ºC, the economical benefits for 
Johannes are 6360kkr/year. This is a large amount of money that should be considered 
for Johannes, but also for all the other producers in Gävle. 
 
 
 

56 



 

6 FINAL DISCUSSION 
 

Once the results of the project have been obtained, it is necessary to analyze them. 
In the first part of this chapter the results will be discussed and in the second point, 
some conclusions will be obtained. The third part of the chapter will suggest some 
interesting investigations that could complete this project, as further studies. 

 

6.1 RESULTS DISCUSSION 
 

The final results are detailed in the previous chapters. Energetic results are 
summarised in subchapter 4.3, and the economical ones for Johannes are summarised in 
subchapter 5.2.3. They have been compared with similar studies carried out in Sweden. 
However, in this chapter the results will be compared with a study of the effects of 
temperature levels focused in the network of Gävle.  
 

The study has been developed by the consulting company FVB (Fjärrvärmebyrån 
Sverige AB) and it is called Uppdaterad nyttoanalys för Gävle fjärrvärmenät 2008 
(Updated Benefit Analysis of Gävle district in 2008). This company compiles data of 
marginal costs in the network of Gävle since some years ago, and gives some 
approximate results of the benefits obtained when the temperature levels are reduced. 
The investigation involves all the network and is not only focused in Johannes. In 
addition, they study the effects of a decrease in both supply and return temperatures. For 
the comparison of this chapter, only the results from the reduced return temperature will 
be discussed. 

 
The study of FVB concludes that a reduction of 5ºC would result in an additional 

production of the FGC around 12013MWh/year. This project has quantified this 
increase for the same temperature reduction to 6900MWh/year. The reason of this 
difference in the results is a consequence of the assumptions considered in the FVB 
analysis. FVB starts from the fact that the boiler in Johannes has a nominal power of 
77MW. They consider that the combination of the electricity and heat production (from 
the condensers and from FGC) is always constant and equal to 77MW during the 
working hours of the plant. They ensure that when the heat produced in the condensers 
(and consequently the electricity production) is decreased, the FGC production is 
increased up to 77MW.  

 
This hypothesis is not very suitable for many reasons. First of all, the plant is not 

working at full load during all the year, so the boiler is not always delivering 77MW of 
heat. Secondly, the FGC production is not inversely proportionate to heat production in 
the FGC. In fact, it is the opposite situation. Data of 2008 demonstrate that when the 
combination of the electricity and heat production in the condensers increases, the 
production in the FGC also increases. This is a comprehensible behaviour. When the 
heat produced in the condensers and the electricity productions are increased, it means 
that the boiler is working at high load, i.e. burning more biofuel. The consequence of 
this combustion is hotter stack gas in the chimney. Therefore, more heat can be 
recovered in the FGC. Finally, the hypotheses of FVB do not include any conversion 
efficiency for the energy. It is not possible to get 77MW of useful power (electricity and 
heat for DH) when the boiler is delivering 77MW. There are conversion losses, and they 
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are too high to not be considered. Another fact that has not been considered is that a 
decrease of return temperature keeping constant the supply temperature results in higher 
temperature differences and, therefore, higher heat capacity delivery (in this project this 
increase has been used to reduce the volumetric flow, in order to keep constant the heat 
production in Johannes and not affect the alpha value). 

 
A second conclusion of the FVB’s analysis that should be mentioned is the one 

that ensures that the return temperature has not effect on the turbine production. It is 
true that it does not have a huge effect. But taking into consideration that the electricity 
is the most profitable product of Johannes, it should be analysed. The return temperature 
has impact on the turbines with two step condensers, and it has been demonstrated in 
this project and corroborated by the same manufacturers of the turbine used in Johannes 
(Siemens). 

 
FVB concludes that a reduction 10 ºC would result in 6184 kkr/year of earnings 

for the entire system. They take into account that the production of the FGC in Johannes 
and KEAB increase their production and, consequently, other plants with higher 
marginal costs decrease their production. In addition, the reduction of the return 
temperature decreases the heat losses so less heat must be produced in the system. 
These changes in the duration diagram result in a lower average marginal cost and in 
lower global production costs, since less heat is produced. 

 
This project expects economical benefits of 6360 kkr/year for Johannes with a 

reduction of 10ºC. It must be noticed that the point of view of the analysis is not the 
same as the FVB one. In this project only Johannes has been considered. An increase of 
heat production in Johannes is seen as an increase of the money income for the plant. 
The other plants have not been considered. They would reduce their productions 
according to the duration diagram. Concluding, this study does not quantify the 
marginal cost reduction of the system, but the increase of the cash income in Johannes 
due to increased sales of heat and electricity. For this reason the two results should not 
be compared. 
 

6.2 FINAL CONCLUSIONS 
 

The achieved results show the importance of the temperature levels in a district 
heating network, from both energetic and economic points of view. The reduction of the 
return temperature by 10ºC results in estimated economical earnings of 6360 kkr/year. 
Only 1ºC of reduction could represent important benefits for the network. It is known 
that the way to achieve high reductions is long and expensive. More attention should be 
put on the malfunctioning customer substations. At the same time new technologies 
should be developed in order to increase the cooling ability of these substations. 

 
One first measure that should be taken in Gävle is to include the volumetric flow 

consumption in the bill of the customers. This is a very important measure to encourage 
the customers to have the substations in proper conditions. This measure would reduce 
the substations working at high flow rates and high return temperatures. 

 
It could need time and money to obtain high reductions in return temperature. But 

it must be accounted that district heating is closely related with large investments and 
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long pay-backs. A district heating network has a long life so all its investments should 
be studied for long terms. 

 
A close look to the electricity prices in Sweden allows to see an increasing 

tendency. A high increase in the electricity prices would situate the CHP plants as base 
loads in order to maximise the electricity production. Therefore, investigations like this 
project are very important for future situations in district heating networks. Countries 
like Sweden spend huge amounts of energy for space heating. For this reason it is really 
important to investigate in new measures in the long term to improve the efficiency of 
heating systems, and quantify the impact that these measures have. 

 
The economical results are very dependent on the energy prices. Consequently, it 

is more relevant to keep the energetic results obtained in chapter 4 instead of the ones in 
chapter 5. The economical benefits will be the ones which determine the feasibility of 
the investments, but as have been said, long term studies should include forecasts for 
energy prices. 

 
From an environmental point of view, the reduction of return temperatures results 

in a decrease of the hazardous emissions to the atmosphere. The increase of 
performance in the CHP plant makes that it uses less fuel per unit of energy produced. 
In the same way, the decrease of heat losses along the network reduces the fuel usage in 
all the system. Furthermore, the most important reduction is obtained for the more 
pollutant fuels such as oil, because they are the most expansive.  

 
In conclusion, the measure would reduce the usage of fuels, and it means that also 

the CO2 emissions would be reduced. It is a very important point, because the society of 
our century will have to face the problem of the global warming so, all the 
improvements in this direction should be adopted.  From an economical perspective, the 
reduction of CO2 emissions is also something profitable taking into account that the EU 
is promoting the CO2 allowances trade. 

 
In addition, the increase of condensates in the FGC (both Johannes and KEAB 

ones) allows to recover more hazardous substances that otherwise would be thrown 
directly to the atmosphere. Therefore, the measure studied in this project not only 
reduces the CO2 emissions, but also some other local pollutants. 

 
 

6.3 FURTHER STUDIES 
 

This project can be used as a guideline for further studies. Once this project has 
been finished, there are three kinds of investigations that could be interesting as a 
continuation of the present project. 
 

The first of them would be a global analysis of the network. This project is 
focused on the impact of the return temperature in the CHP of Johannes. It would be 
interesting to know how a reduction in the return temperature affects all the network of 
Gävle studying the different plants separately. An accurate study of the reduction in the 
heat losses could be a good complement to get an overall view of the effects that the 
return temperature has. 
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The second interesting project could be a study of the agents in the network of 

Gävle that cause a high return temperature. Algorithms to find the malfunctioning 
substations should be developed in order to improve the efficiency of district heating, in 
Gävle and everywhere. 
 

Finally it would be interesting to develop an investigation for Johannes and for all 
the other plants in Gävle with a decreased supply temperature. Return temperature has a 
high impact in the network as it has been demonstrated with this project. However, the 
supply temperature has a higher impact in the heat and electricity production 
performances. For example, decreasing the supply temperature allows to increase the 
alpha value. For this reason, a general study with both supply and return temperature 
decreased would be a very interesting evaluation of the benefits achieved by using a 
reduced temperature level. This is an actual target for the different agents involved in 
the district heating networks. 

 
 
. 
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Appendices   

APPENDIX 1: EXCEL SHEETS FOR THE NETWORK 
 
 
 

HEAT LOSSES 
             
Network Parameters    Results    ΔTreturn 10  ºC 
              

Lenght of network (one way) 316,9 km  Heat Losses 94,3 GWh     
Average diameter 110 mm   % 12,3  %     

Total area 109513 m2  Δheat losses 8,7 Gwh     
Average heat transfer 

coefficient 0,9 W/m2
K   % 8,4  %     

             
              

Tout Nºhours Flow Heat 
production Tsup Tret Ts-

To 
Tr-
To 

Supply 
Losses 

Return 
Losses TOTAL Supply 

Losses 
Return 
Losses TOTAL

[ ºC]   [m3/h] [MW] [ ºC] [ ºC] [ ºC] [ ºC] [MW] [MW] [MW] [ MWh] [ MWh] [ MWh] 
-13 1 4189 241 104,2 47,1 117,2 60,1 12,8 6,6 19,4 12,8 6,6 19,4 
-12 5 4052 220 101,2 46,8 113,2 58,8 12,4 6,4 18,8 62,0 32,2 94,2 
-11 2 3967 179 94,5 45,9 105,5 56,9 11,6 6,2 17,8 23,1 12,5 35,6 
-10 8 3998 173 89,3 43,2 99,3 53,2 10,9 5,8 16,7 87,0 46,6 133,6 
-9 14 4408 186 89,5 43,2 98,5 52,2 10,8 5,7 16,5 150,9 80,1 231,0 
-8 34 4326 178 88,4 42,8 96,4 50,8 10,6 5,6 16,1 359,1 189,0 548,1 
-7 45 4291 176 87,7 41,8 94,7 48,8 10,4 5,3 15,7 466,7 240,6 707,3 
-6 52 4261 172 86,0 41,1 92,0 47,1 10,1 5,2 15,2 523,9 268,0 791,9 
-5 79 4116 164 84,8 40,2 89,8 45,2 9,8 4,9 14,8 776,7 391,0 1167,7 
-4 130 3912 158 85,1 39,8 89,1 43,8 9,8 4,8 14,6 1268,1 623,8 1891,8 
-3 161 3989 151 81,9 39,1 84,9 42,1 9,3 4,6 13,9 1497,4 742,7 2240,1 
-2 232 3967 149 80,8 38,5 82,8 40,5 9,1 4,4 13,5 2104,0 1029,7 3133,7 
-1 319 3962 143 78,9 38,0 79,9 39,0 8,8 4,3 13,0 2792,6 1362,8 4155,4 
0 569 3844 137 77,9 37,3 77,9 37,3 8,5 4,1 12,6 4854,8 2326,6 7181,5 
1 719 3648 128 77,0 36,8 76,0 35,8 8,3 3,9 12,2 5983,9 2816,9 8800,8 
2 535 3569 121 75,4 36,3 73,4 34,3 8,0 3,8 11,8 4298,8 2007,7 6306,5 
3 531 3356 117 75,5 35,7 72,5 32,7 7,9 3,6 11,5 4216,5 1903,7 6120,1 
4 411 3145 107 74,4 35,2 70,4 31,2 7,7 3,4 11,1 3166,9 1404,4 4571,4 
5 311 2968 100 73,6 35,0 68,6 30,0 7,5 3,3 10,8 2336,6 1020,6 3357,2 
6 326 2729 93 73,5 35,0 67,5 29,0 7,4 3,2 10,6 2409,5 1034,4 3443,9 
7 351 2405 82 73,4 34,8 66,4 27,8 7,3 3,0 10,3 2552,3 1069,3 3621,6 
8 327 2130 74 73,4 34,7 65,4 26,7 7,2 2,9 10,1 2343,7 954,8 3298,5 
9 349 1907 66 73,6 34,9 64,6 25,9 7,1 2,8 9,9 2467,8 989,0 3456,7 

10 335 1716 59 73,2 35,5 63,2 25,5 6,9 2,8 9,7 2319,2 934,8 3254,0 
11 299 1538 52 73,3 36,1 62,3 25,1 6,8 2,8 9,6 2039,4 823,3 2862,7 
12 316 1333 44 73,2 36,7 61,2 24,7 6,7 2,7 9,4 2118,7 856,2 2974,9 
13 346 1208 39 73,1 37,5 60,1 24,5 6,6 2,7 9,3 2279,0 926,9 3205,8 
14 375 1114 35 73,3 38,0 59,3 24,0 6,5 2,6 9,1 2435,9 986,4 3422,3 
15 348 1037 33 73,8 37,9 58,8 22,9 6,4 2,5 9,0 2242,1 872,5 3114,6 
16 267 1011 32 73,8 37,8 57,8 21,8 6,3 2,4 8,7 1691,1 638,3 2329,4 
17 233 952 29 73,7 38,5 56,7 21,5 6,2 2,4 8,6 1447,0 549,7 1996,7 
18 211 931 29 73,6 38,4 55,6 20,4 6,1 2,2 8,3 1283,9 471,8 1755,7 
19 125 903 27 73,5 39,1 54,5 20,1 6,0 2,2 8,2 745,6 274,5 1020,2 
20 110 904 27 73,3 39,2 53,3 19,2 5,8 2,1 7,9 641,7 231,1 872,8 
21 103 893 26 73,3 39,2 52,3 18,2 5,7 2,0 7,7 589,6 205,8 795,4 
22 58 887 24 73,0 40,3 51,0 18,3 5,6 2,0 7,6 323,7 116,2 439,8 
23 30 886 26 73,2 39,6 50,2 16,6 5,5 1,8 7,3 165,1 54,6 219,6 
24 30 877 24 73,2 40,7 49,2 16,7 5,4 1,8 7,2 161,6 54,9 216,4 
25 29 882 24 73,1 40,9 48,1 15,9 5,3 1,7 7,0 152,6 50,6 203,2 
26 17 865 24 73,2 41,0 47,2 15,0 5,2 1,6 6,8 87,9 28,0 115,9 
27 11 867 24 73,4 40,8 46,4 13,8 5,1 1,5 6,6 55,9 16,6 72,5 
28 7 873 25 73,9 40,8 45,9 12,8 5,0 1,4 6,4 35,2 9,8 45,0 
29 16 859 24 73,6 40,7 44,6 11,7 4,9 1,3 6,2 78,2 20,5 98,6 
30 3 847 23 73,4 41,6 43,4 11,6 4,8 1,3 6,0 14,3 3,8 18,1 
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PUMPING WORK 

           
           
ΔTreturn 10 ºC         
           
Results           
           
Flow Reduction 603m3/h        
 % 24,0 %        
Power Reduction 56,1 %        
           
           

Toutdoor Nºhours Flow 
Heat 

production Tsup 
New 

Treturn ΔT Pred.Flow Flow red Flow red 
Power 

reduction 
[ ºC]   [m3/h] [MW] [ ºC] [ ºC] [ ºC] [m3/h] [m3/h]  %  % 
-13 1 4189 241 104,2 47,1 57,1 3635,9 553,3 13,2 34,6 
-12 5 4052 220 101,2 46,8 54,5 3471,1 580,6 14,3 37,1 
-11 2 3967 179 94,5 45,9 48,6 3180,3 786,7 19,8 48,5 
-10 8 3998 173 89,3 43,2 46,1 3238,6 759,5 19,0 46,8 
-9 14 4408 186 89,5 43,2 46,2 3467,9 939,7 21,3 51,3 
-8 34 4326 178 88,4 42,8 45,7 3355,1 970,6 22,4 53,3 
-7 45 4291 176 87,7 41,8 45,9 3308,1 982,9 22,9 54,2 
-6 52 4261 172 86,0 41,1 44,9 3295,0 965,8 22,7 53,8 
-5 79 4116 164 84,8 40,2 44,6 3174,0 942,4 22,9 54,2 
-4 130 3912 158 85,1 39,8 45,3 3007,8 903,7 23,1 54,5 
-3 161 3989 151 81,9 39,1 42,8 3037,2 952,1 23,9 55,9 
-2 232 3967 149 80,8 38,5 42,3 3029,7 937,6 23,6 55,5 
-1 319 3962 143 78,9 38,0 40,9 3013,4 948,2 23,9 56,0 
0 569 3844 137 77,9 37,3 40,6 2906,3 937,2 24,4 56,8 
1 719 3648 128 77,0 36,8 40,2 2747,1 901,0 24,7 57,3 
2 535 3569 121 75,4 36,3 39,1 2669,3 899,8 25,2 58,2 
3 531 3356 117 75,5 35,7 39,8 2533,0 823,1 24,5 57,0 
4 411 3145 107 74,4 35,2 39,2 2358,0 786,9 25,0 57,9 
5 311 2968 100 73,6 35,0 38,6 2238,1 729,9 24,6 57,1 
6 326 2729 93 73,5 35,0 38,5 2075,1 653,7 24,0 56,0 
7 351 2405 82 73,4 34,8 38,6 1833,6 571,9 23,8 55,7 
8 327 2130 74 73,4 34,7 38,8 1634,6 495,3 23,3 54,8 
9 349 1907 66 73,6 34,9 38,7 1463,2 444,2 23,3 54,9 

10 335 1716 59 73,2 35,5 37,7 1336,6 378,9 22,1 52,7 
11 299 1538 52 73,3 36,1 37,1 1197,3 340,5 22,1 52,8 
12 316 1333 44 73,2 36,7 36,5 1031,3 301,3 22,6 53,7 
13 346 1208 39 73,1 37,5 35,7 929,9 278,6 23,1 54,4 
14 375 1114 35 73,3 38,0 35,3 851,7 262,0 23,5 55,3 
15 348 1037 33 73,8 37,9 35,9 791,3 246,2 23,7 55,6 
16 267 1011 32 73,8 37,8 36,0 769,8 241,1 23,8 55,8 
17 233 952 29 73,7 38,5 35,2 720,1 231,7 24,3 56,7 
18 211 931 29 73,6 38,4 35,1 704,4 226,9 24,4 56,7 
19 125 903 27 73,5 39,1 34,4 679,3 223,8 24,8 57,4 
20 110 904 27 73,3 39,2 34,1 673,4 230,5 25,5 58,7 
21 103 893 26 73,3 39,2 34,0 663,7 229,8 25,7 59,0 
22 58 887 24 73,0 40,3 32,7 642,5 244,7 27,6 62,0 
23 30 886 26 73,2 39,6 33,6 658,6 227,8 25,7 59,0 
24 30 877 24 73,2 40,7 32,5 642,2 234,6 26,8 60,7 
25 29 882 24 73,1 40,9 32,1 645,7 236,0 26,8 60,7 
26 17 865 24 73,2 41,0 32,2 633,0 232,4 26,9 60,9 
27 11 867 24 73,4 40,8 32,7 639,3 227,4 26,2 59,9 
28 7 873 25 73,9 40,8 33,1 650,0 223,0 25,5 58,7 
29 16 859 24 73,6 40,7 32,9 638,0 221,3 25,8 59,1 
30 3 847 23 73,4 41,6 31,8 621,8 225,1 26,6 60,4 
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APPENDIX 2: EXCEL SHEETS FOR JOHANNES 
 

FLUE GAS CONDENSER 
        
        
ΔTreturn  10ºC     
        
Power     
        
Actual average 21MW     
Increased Average 24MW     
 % Increase  13 %     
        
Energy     
        
Actual Production 98350MWh/year     
Increased Production 110725MWh/year     
 % Reduction  13 %     
        
Heat Recovery       
        
Actual Average 48,2 %     
Increased Average 50,3 %     
 % Increase  4,3 %     
        

Treturn NºHours Heat from 
Boiler 

Heat from 
FGC 

Heat 
recovery 

Reduced 
Tret 

New heat 
recovered 

New Heat 
recovery 

[ºC] [m3/h] [MW] [MW] [%] [ºC] [MW] [%] 
35 1 24,8 20,9 84,5 25 11,3 45,6 
38 1 28,3 22,4 79,3 28 13,7 48,4 
41 53 38,6 18,1 50,0 31 19,4 50,1 
42 268 39,0 19,0 51,8 32 19,7 50,5 
43 477 41,5 19,5 50,6 33 21,0 50,7 
44 621 44,4 20,1 49,3 34 22,5 50,8 
45 761 45,3 21,0 50,3 35 23,0 50,7 
46 911 49,2 22,1 48,1 36 24,9 50,6 
47 685 49,4 22,4 48,3 37 24,9 50,3 
48 385 55,7 22,5 42,9 38 27,8 49,9 
49 231 55,7 22,5 42,9 39 27,5 49,4 
50 120 52,7 22,0 45,1 40 25,7 48,8 
51 58 56,1 20,7 40,0 41 26,9 48,0 
52 34 52,5 19,9 41,0 42 24,7 47,2 
53 13 52,0 21,0 44,0 43 24,0 46,2 
54 10 41,7 20,6 56,5 44 18,8 45,1 
55 3 45,7 19,0 47,6 45 20,0 43,8 
56 2 46,9 18,4 46,4 46 19,9 42,5 
57 3 42,2 19,7 48,5 47 17,3 41,0 
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PUMPING REDUCTION 

                   
                   
ΔTretur
n  10  ºC                
                   
RESULTS FOR EACH 
PUMP                           
                   
Flow rates  Power    Energy        
                   

Actual average 856 m3/h  Actual  58 kW  
Actual yearly 
consumption 351  MWh      

Reduced 
Average 646 m3/h  

Reduced 
Average 33 kW  Anual Reduction 203  MWh      

 % Reduction 25  %   % Reduction 42  %   % Reduction 42  %      
                   

Total 
Flow 

Unit 
Flow 

Nº 
Hours Tsup Tret ΔT Heat 

Actual 
Pump 
Power 

Actual 
Pump 
Work 

New 
Tret 

New 
ΔT 

Pred. 
Total 
Flow 

Pred.Un
it Flow 

Flow 
red 

Flow 
red 

New 
Unit 

Power 

New 
Unit 

Work

[m3/h]   [ - ] [ ºC] [ ºC] 
[ ºC

] [MW] [kW] [kWh] [ ºC] [ ºC] [m3/h] [m3/h] [m3/h] [%] [kW] [kW] 

100 50 9 71,4 44,5 27,0 4 16 146 34,5 37,0 90 45 12,7 22,0 16 145 
200 100 55 72,3 43,6 28,8 7 17 951 33,6 38,8 158 79 25,7 24,6 17 929 
300 150 97 72,5 44,7 27,8 10 18 1754 34,7 37,8 229 115 38,7 25,3 18 1701 
400 200 65 73,3 45,0 28,3 13 19 1218 35,0 38,3 301 151 51,2 25,4 18 1176 
500 250 78 73,3 44,7 28,5 17 19 1506 34,7 38,5 375 187 64,2 25,5 19 1449 
600 300 87 7 4 2 20 20 1729 3 3 445 223 7 2 19 1653 3,9 4,8 9,1 4,8 9,1 5,1 5,2 
700 350 82 7 4 2 24 20 1680 3 3 526 263 8 2 19 1595 3,8 4,4 9,4 4,4 9,4 8,2 5,1 
800 400 83 7 4 2 27 21 1 3 3 599 3 1 2 20 1649 3,3 4,0 9,3 761 4,0 9,3 00 00,0 5,0 
900 4 1 7 4 2 31 22 2 3 3 681 3 1 2 20 2382 50 17 3,6 4,1 9,5 591 4,1 9,5 40 13,0 4,9 

1000 5 1 7 4 2 35 23 3 3 3 753 3 1 2 21 3170 00 52 4,2 4,4 9,8 546 4,4 9,8 77 24,1 4,8 
1100 550 164 74,4 44,3 30,1 39 25 4073 34,3 40,1 833 416 135,3 24,5 21 3525 
1200 600 235 74,2 44,0 30,2 42 27 6283 34,0 40,2 908 454 146,8 24,4 22 5223 
1300 650 268 74,5 44,4 30,1 46 29 7799 34,4 40,1 979 489 160,0 24,6 23 6177 
1400 700 280 75,3 44,6 30,7 50 32 8957 34,6 40,7 1060 530 169,8 24,3 24 6773 
1500 750 359 76,1 45,2 30,9 54 35 12734 35,2 40,9 1139 569 181,6 24,2 26 9163 
1600 800 360 7 4 3 57 40 1 3 4 1211 605 1 2 27 9707 5,8 5,3 0,5 4262 5,3 0,5 97,3 4,6 
1700 850 427 7 4 3 61 44 1 3 4 1287 644 2 2 29 16,3 5,4 0,9 8999 5,4 0,9 07,0 4,3 2285
1800 900 436 7 4 3 65 50 2 3 4 1360 680 2 2 31 16,4 5,5 0,9 1873 5,5 0,9 19,6 4,4 3407
1900 950 429 7 4 3 68 57 2 3 4 1434 717 2 2 33 16,4 5,5 0,9 4327 5,5 0,9 33,0 4,5 4204
2000 1000 430 7 4 3 72 64 2 3 4 1510 755 2 2 36 16,7 5,8 1,0 7597 5,8 1,0 44,0 4,4 5421
2100 1050 373 77,1 45,8 31,2 76 73 27098 35,8 41,2 1587 793 255,7 24,4 39 14556
2200 1100 414 77,1 46,1 31,0 79 82 34026 36,1 41,0 1661 830 268,4 24,4 42 17586
2300 1150 297 76,8 46,0 30,8 82 93 27580 36,0 40,8 1732 866 282,2 24,6 46 13734
2400 1200 228 77,2 46,3 30,9 86 105 23880 36,3 40,9 1809 904 294,6 24,6 51 11559
2500 1250 198 76,5 46,2 30,4 88 118 23341 36,2 40,4 1884 942 308,2 24,7 56 11015
2600 1300 145 7 4 3 92 132 1 3 4 1955 977 3 2 61 8796 6,3 5,9 0,4 9193 5,9 0,4 22,1 4,8 
2700 1 105 7 4 2 93 148 1 3 3 2014 1 3 2 65 6856 350 5,4 5,7 9,7 5567 5,7 9,7 007 37,3 5,1 
2800 1400 45 7 4 2 96 166 7453 3 3 2091 1045 3 2 72 3233 5,3 5,8 9,5 5,8 9,5 51,4 5,2 
2900 1450 27 7 4 2 101 185 4982 3 3 2181 1090 3 2 80 2167 5,6 5,9 9,7 5,9 9,7 62,9 5,0 
3000 1500 16 7 4 2 103 205 3280 3 3 2236 1118 3 2 86 1374 6,1 6,4 9,7 6,4 9,7 79,7 5,4 
3100 1550 3 77,5 47,5 30,0 109 227 682 37,5 40,0 2336 1168 382,9 24,7 97 291 
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APPENDIX 3: VISIT TO CHP JOHANNES 
 
 The visit to the Combined Heat and Power plant of Gävle, called Johannes, took 
place on 24th of March 2009. This visit helped to get a better understanding about 
cogeneration production, something essential for the development of this project. Along 
this appendix, most important knowledge acquired the day of the visit is explained in 
order to give a whole perspective of the plant to the reader. 
 
 The description of the plant has been done with the same order as the production 
takes place, since biofuels until the waste materials of the process. Some own pictures 
of the plant help to follow the explanation from a graphical way. 
 
 
1. General view: 
 

Fig.A3.1 shows an aerial view of the plant before 2005 (when Olga was 
integrated to the facility). Therefore is missing the turbine building and the transformer 
electrical station. 
 

 
Fig.A3.1: Aerial view of Johannes before 2005. 

Accumulator 

Expansion vessels 

Boiler 

FGC 
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Fuel storage 
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Building with DH  pumps 
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Control 
Room 

[Source: Gävle Energi AB] 
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2. Biofuels storage 
 
 The fuel is stored in a large zone close to the plant. This zone allows storing the 
needs of fuel for nearly three months. It is important to have enough space in the storage 
zone in order to store a large amount of fuel. The combustible used in Johannes is 
almost biofuel. It means some differences with the conventional plants. Heat and power 
plants based on oil combustion enjoy an easier fuel supply. Despite the recent rising 
prices, oil could be got easily from the harbour and transported to the plant without any 
specific infrastructure. Otherwise, biofuels have hugely lower heat content. 
Consequently, large amounts of biofuels must be used every day to get a normal 
production.  
 

Furthermore, the situation of the biofuels market today is hard. Nowadays due to 
the financial and economical crisis, the building companies and consequently, the 
forestry sector are crossing a bad period from a production point of view. The forestry is 
one of the most important sectors in Sweden, and there are several other sectors 
depending on it. One of these dependent sectors is the biofuels market. Biofuels market 
is under a large expansion in Sweden, and it depends mostly on the secondary products 
of the forestry companies. These companies sell bark and wood chips to heat and power 
plants and to other customers. 

 
In this context, and taking into account the increasing demand all over the world 

of biofuels, the price changes quickly day by day. For this reason, a large biofuel 
storage permit to play with an advantageous role in the market. It allows choosing the 
best time an amount to buy. 
 
 In the picture of Fig.A3.2, it 
can be seen how the biofuels are 
stored in different piles, depending 
on their nature. During the working 
days, several cranes take a specific 
amount of each pile and bring it to a 
sieving building. Afterwards, the fuel 
mix is transported to a fuel storage 
building. This building has a enough 
fuel capacity for the needs of a 
weekend. 

Fig.A3.2: Piles of different biofuels in the storage zone.

 
 The content of the 

mixture changes daily and it 
depends on factors such as the 
amount remaining, prices, 
suppliers… 
 Despite the snow and 
the cold weather in Gävle, the 
piles remain warm because of 
the organic processes that 
take place on them. Fig.A3.3: Conveyor belt, from an outdoor (left) and indoor 

(right) points of view.  
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The biofuels are 
transported to the boiler with 
a conveyor belt from the fuel 
storage to the top of the boiler 
building (see Fig.A3.3). The 
conveyor belt finishes at a 
fuel container. 
  
 Then the biofuels are 
introduced at the boiler from 
two entrances at the same 
time that some air is also 
injected, thus avoiding flames 
go into the container (see 
Fig.A3.4). 
 Fig.A3.4: Entrances of biofuel (squared pipes) and air (circular 

pipes) into the boiler.  
 

The fuel mixture along the year has the next composition regarding energy 
content [GWh] and not weight: 
 

• 71 %  Bark. 
• 22 %  Wood waste. 
• 4 %  Wood chips. 
• 2 %  Bark mixture. 
• 1 %  EO1 oil. 

  
EO1 is a light oil, rarely used as the boiler fuel. The plant managers hope that 

soon, it will be not necessary to use this amount of oil. 
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3. Boiler 
 

In the boiler is where the biofuels are burned to get their energy content. The 
water of the cycle is heated until it becomes vapour. This steam is then used in the 
turbine, following a Rankine cycle. Fig.A3.5 shows a schematic picture of the boiler in 
Johannes: 

 

 

Steam 
Superheaters

Feed water 
preheaters

Air preheaters

Ash extraction

Fuel silo 

Oil burners  
(load) 

Oil burner  
(start up) 

Primary air 

Sandbed 

Secondary air 

Terciary air 

 
 

Fig.A3.5: Schematic picture of Johannes boiler 
[Source: Gävle Energi AB] 

 
 This is a bubbling fluidized bed boiler. It has a power of 77 MW (before the 
upgrading of 2005 it was 70 MW) and it works with steam at 94 bar, around 480 ºC and 
with a mass steam flow of 29 kg/s. 
 
 The fuel enters to the boiler through the two intakes, after being stored in a fuel 
silo (storage with a capacity for one hour). Primary air enters in the bottom through a 
sand bed. For this reason this boiler is a bubbling fluidized bed boiler. Sand bed helps to 
get a better mix of the fuel and the air and it increases the efficiency of the combustion. 
With the combustion within the boiler, the water is heated at a constant pressure and 
converted into superheated steam. 
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Fig.A3.6: Sand extraction at the bottom of the boiler

 
The combustion produces 

continuously ashes that must be 
taken. For this reason the bed sand 
is replaced and treated at the same 
power plant. The sand is extracted 
at the bottom of the boiler 
(Fig.A3.6), and then is transported 
to a couple of devices that prepare 
the sand to be used again with 
some physical processes. 
 
 
 

 There is a water deposit that supplies the water lost in the cycle. This water must 
be as pure as possible. For this reason the water is treated, with physical and chemical 
processes, until the required purity. 
 
 
4. Turbine –Olga- 
 

The turbine in Johannes, called Olga was installed in 2005 and started to work 
the whole year during 2006. Before that, the production plant had only a direct 
condenser, where the steam of the boiler was condensed heating the water coming from 
the district heating network. The direct condenser is still in the plant and it is used for 
breakdowns. In fact, the week before the visit to Johannes, it had been working to 
supply a higher heat load because of some problems in Korsnäs. This is not a desired 
situation because if the direct condenser is used, no electricity production is feasible, 
despite this is the most profitable product of the plant. 

 
The installation of the turbine after some years since the boiler starts to work is 

very common in the cogeneration facilities. During the first years of the boiler, its 
behaviour is studied and stabilized. Then is the moment to install the turbine, following 
the knowledge of the first operation years of the turbine. 

 
Olga is a Siemens two step back pressure turbine with an intermediate extraction. 

It has nowadays a power output of 22.000 kW. A schematic picture and a photography 
can be seen below (Fig.A3.7 and Fig.A3.8 respectively). 
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Fig.A3.7: Olga turbine schematic picture. 
[Source: Gävle Energi] 

 

 
 

Fig.A3.8: Olga turbine nowadays. The two grey metallic boxes contain the turbine. To the right we can 
see the gear box. After it to the right would come the generator (not in the picture) 

72 



Appendices   

 The steam enters to the turbine at high pressure and temperature. In the turbine it 
is expanded until an intermediate point of the turbine, where some of the steam is 
extracted. The rest of the steam continues expanding in the turbine till a low pressure 
and temperature. Along this expansion, the thermal energy is converted into rotational 
motion (kinetic) that again will be converted into electricity in the generator. Before the 
generator, a gearbox changes the rotation speed. 
 
 Olga is a non condensing or back-pressure turbine. It means that after the turbine, 
the low pressure steam is not exhaust, but it can be used for other processes; in this case, 
to heat the water of district heating. The return water of district heating network arrives 
to the plant and is firstly heated by the flue gas condenser –FGC- (this system is 
explained in the subchapter 1.5 of this appendix), where the temperatures are much 
lower than the steam after the 
turbine. This preheated water 
is transported to a first heat 
exchanger, where the non 
extracted fraction of the steam 
after the turbine, transfer its 
heat to the water. Afterwards, 
the water already hot enters to 
a second heat exchanger, 
where this time is the extracted 
fraction of the steam (with 
higher temperature) which 
increases the temperature until 
the required supply 
temperature of DH. In 
Fig.A3.9, the two heat 
exchangers can be seen, as 
well as the diameter of the DH 
pipes, which can give an idea 
of the amount of flowing water. 
 

Fig.A3.9: Heat exchangers between DH water and steam 
coming from the turbine. DH pipes in the plant are painted 

with green.

 The casing is anchored to a concrete foundation with some devices to absorb the 
ovem

The next table (Table A3.1) summarises some of the most important 

m ents. 
 
 
characteristics of Olga: 
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Table A3.1: Technical characteristics of Olga 

 
 OLGA – JOHANNES TURBINE- 

Model Siemens SST-600 
Exhaust section Downward 

Condensing system Back-Pressure 
Steam extraction 1 intermediate 

Electricity 
Effect 23 MW 

Generator voltage 11 kV 
District Heating 

Temperature up 96 ºC 
Temperature returned 67 ºC 

Effect 50MW 
Steam 

Pressure 92 bar 
Temperature 480 ºC 

Flow 32 kg/s 
Low pressure preheat Feed water 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
5. Flue Gas Condenser (FGC) 
 

Flue Gas Condenser, also called stack gas condenser has a double function. First 
of all it is an important system to recover some of the heat content contained in the gas 
leaving the chimney. The total heat power recovered in the FGC is around 20MW. 
Secondly it is used to condensate the moisture contained in the gases, so it is a useful 
device to clean them (See Fig.A3.10). 
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Fig.A3.10: Schematic process of FGC 

[Source: Gävle Energi AB] 
 
The air for the combustion is humidified. On the other hand, the fuel used in the 

plant has a high content of moisture (it can be around 40-60 % of the fuel). 
Consequently, the gases of the combustion have a lot of water, and it will be condensed 
in the FGC. 
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DH return water, at a lower temperature than the gases, flows along a heat 

exchanger in the chimney. Water is heated and stack gases are cooled. The heat 
exchanger will work as a preheater because now it will be easier for the heat exchangers 
after the turbine to increase the temperature of the water until the requirements, and it 
results in fuel savings.  

 
In the other side, the flue gases are cooling down below de dew point. Therefore 

the moisture is condensed with an important part of the contaminants. This water is 
treated with an innovative process developed by Johannes. 
 
 
6. District heating pumps 
 

Heated water of DH, first on 
FGC and then in the heat exchangers 
after the turbine, has to be pumped in 
order to be supplied to the network. For 
this purpose, two big pumps are installed 
on the facility, one on the return pipe 
and another one in the supply pipe. A 
picture of one of them could be seen in 
Fig.A2.11. As it explained in chapter 3, 
these are not the only pumps in the 
network of Gävle. There are some other 
pumping stations along the city. 
 Fig.A3.11: One of the two pumps for DH in 

Johannes 
 
 
7. Accumulators 
 

There are two big accumulators for 
hot D

 

H water in the plant. These 
accumulators assure the load demand along 
the peaks of the day. Load pattern has some 
peaks during the day, when most of the 
customers are turning on the heating systems 
and some of them are having hot showers. In 
these moments, the production plant can not 
supply all the required heat, so it delivers the 
demand with water heated before and stored 
in the accumulators. 
 Fig.A3.12: Accumulators (left) and 

expansion vessels (right). In the skyline can 
be seen the chimney of Ersbo plant. 
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8. Control room 

From the control room all the
process

om. 

 
 

es of the production plant are 
monitored. There are more than one unit for 
this purpose, so more than one engineer can 
take care of production with their own 
computers. One computer is only used for 
weather forecasts. In this computer, forecasts 
of Sweden, Finland, Norwey and Denmark are 
compared together. Furthermore, the computer 
register historical data to get patterns for the 
evolution of the weather. It works with a 
feedback software that improves its prediction 
day by day. Fig.A3.13 shows a picture of this ro
 

Fig.A3.13: Control room 

 

76 



Appendices   

APPENDIX 4: TANDEM TURBINE 
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Fig.A4.1: Longitudinal Section of a Tandem turbine, the kind of turbine used in Johannes. 
[Source: Siemens] 
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APPENDIX 5: BROCHURE OF THE PUMPS 
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APPENDIX 6: VISIT TO DH NETWORK IN BARCELONA 
 
 A second visit had been done along this project. On April 2009, the new district 
heating and cooling network in Barcelona was visited. Only the supplier facility was 
visited, and not its production plant. It means that the effect of a high return temperature 
could not been analyzed, but instead of that, the origin problem was better understood 
with this smaller network. From the beginning, this network was designed in order to 
avoid high return temperatures, focusing their efforts on the customer substations and 
their contracts with the supplier. This appendix summarizes this heating and cooling 
system and explains how they manage to avoid inefficient temperature levels. 
 
1. Features 
 
 District heating and cooling network in Barcelona was started to build in 2004 
by the company Districlima. This network was build to supply the demand of the event 
of Forum de les Culures in Barcelona in 2004, and all the new buildings that it 
supported. Then the network has expanded to the new neighbourhood called 22@, close 
to the first zone. Nowadays it is projected a new expansion of the network as it can be 
seen in the next figure: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Next Production Plant  Working 
Under construction 
Projected 

Actual  
Production 

Plant

CHP 

Fig.A6.1: Aerial view of Barcelona with the shape of its district heating network. 
[Source: Districlima] 

 
 The network has a length of 7 km approximately (14 km, with impulse and 
return pipes), and it covers a heating load corresponding to a surface over 200.000 km2, 
including offices, apartments, hotels and public buildings. Districlima is the owner of 
the network for more than 20 years (concession), and at the same time is the provider of 
heat and cooling demand. This company buy steam from a CHP waste based plant, 
located close to the facility of Districlima. In Districlima’s facility, the heat of the steam 
is used to produce hot water for district heating and cold water for district cooling. For 
cooling purposes they use absorption chillers. The cold and heat produced nominal 
powers are 20 MW and 21 MW, respectively. Nevertheless, a new plant is projected in 
order to expand even more the network. 
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 This network, has a difference comparing to the Swedish ones. The supply 
temperature is constant along the year, and only the mass flow is varied depending on 
the ambient temperature. During winter season it is increased, and decreased during the 
hot summer, in the case of district heating. The heating network has a supply 
temperature of 95 ºC and a pressure around 4bar. 
 
 
2. Contract with the customers. 
 
 Districlima has a stricter contract with the customers, compared with the existing 
ones used in Gävle. The customer has a maximum contracted power demand. It will not 
be reached in the substation because the company avoid it decreasing the mass flow.  
 

In the case of the district heating network, the company ensures a temperature at 
the customer substation (in the primary) of . On the other hand, the 
customer have to ensure a return water temperature from the substation (in the primary) 

. Otherwise the supplier can reduce the power delivered decreasing the hot 
water flow. All this parameters are monitorized from the production plant. From there, 
the supplier can check temperatures, pressures and mass flows in the whole network and 
in the customer substations. 

CT ply º90sup ≥

CTreturn º60≤

 
With this measure, the heat supplier can maintain a reduced temperature in the 

return pipes. This service legal agreement allows to have an efficient networks for both 
district heating and cooling. 
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