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ABSTRACT 

There is a rising interest for the integration of 

decentralised heat supply in district heating (DH) 

systems in the form of so-called prosumers, i.e., 

customers that both can withdraw and supply heat to 

the grid. The interest comes from a growing interest in 

local energy supply among owners of property as well 

as a growing awareness among DH companies about 

the need to view their customers more like partners 

rather than just consumers of heat. 

In a previous study, decentralised solar heat plants in 

Sweden were mapped out and their performance were 

evaluated. In general, the performance in terms of 

delivered heat was at least 20% lower than expected. 

The main reason for this is deficiencies regarding the 

feed-in of the heat to the grid, caused by an inability of 

the control system to handle the variation of the 

differential pressure between the supply and the return 

pipe in the DH network. These variations, caused 

mainly by the rapid load fluctuations caused by 

consumption of domestic hot water, has so far been 

overlooked when designing the control system. This 

paper describes and pins down this problem with 

support from measurements and simulations of 

differential pressure. 

There are different ways to connect decentralised heat 

supply, where a primary return/supply connection is the 

most common, implying the heat being added to the 

DH water before the customer’s substation or directly 

to the DH supply pipe. Although the field study-objects 

utilise solar energy, it must be emphasised that the 

results from the project will be of general interest for 

any type of decentralised heat supply, e.g. surplus heat 

from local cooling machines or industrial processes. 

Suggestions for improved control strategies is given in 

the paper and future work will aim to support them. 

Keywords: Prosumers, decentralised heat supply, 

differential pressure, return/supply connection 

INTRODUCTION/PURPOSE 

District heating (DH) has traditionally been 

characterised by a central heat supply and a one-way 

distribution. Lately, this situation has slowly started to 

change. In Sweden, a statutory third party access to 

DH systems has been investigated, suggested and 

turned down. However, it appears as the awareness 

and interest for this matter is rising. In Sweden, Fortum 

has opened up the DH network to anyone who wants to 

deliver heat [1]. A couple of papers have been 

published lately dealing with the integration of solar 

heating into DH – both centrally [2], [3] and locally [4], 

[5], [6] and [7]. One likely scenario is that the increased 

focus on distributed power generation and smart grids 

is about to spill over to the DH industry. 

Prosumer is a term originally referring to a 

“professional consumer”, typically focusing on 

electronic goods, or a very engaged customer. Today, 

the term is becoming more common as a term used for 

energy customers who are also selling energy, i.e. as a 

combination of the words “producer” and “consumer”. 

One can for instance find many hits on “prosumers” 

and “distributed power generation” in recent scientific 

publications. 

In order to stay competitive, future DH systems likely 

need to better integrate small sources of heat supply. 

The progress for grid-connected micro production is 

much slower in the DH sector than in the power sector, 

even if things have started to change.  There is today, 

for instance in Sweden and in Germany, some DH 

prosumers. These mainly includes solar collectors, 

even if other heat sources such as for instance surplus 

heat from chillers can be used. Operational data from 

22 Swedish solar prosumer installations [8] indicates a 

need for improved control systems and guidelines 

regarding the DH connection as well as operation and 

maintenance. Typical production data was generally 

lower than expected. It is mainly the nature of the 

differential pressure in the DH network that cause 

problem for the feed-in control. 

In places were DH was introduced some time ago, it 

involved substitution of several decentralised boilers 

which entailed benefits in terms of economy of scale. 

These benefits does not exist today to the same extent, 

and the DH sector has gone through a transition 

towards exploiting economy of synergies instead, such 

as waste incineration, bio-based combined heat and 

power and industrial surplus heat. Some areas of 

further plausible development is an increased 

customer-orientation with the possibility to offer 

different sources of heat, and better utilisation of other 

heat resources within the DH system’s area. 

If a building sometime has a surplus of heat, the DH 

system can act as an accumulator and possibly benefit 



The 14th International Symposium on DH and Cooling, 

September 7
th

 to September 9
th
, 2014, Stockholm, Sweden 

from the heat supply. One important condition is that all 

heat from the prosumer can be delivered into the DH 

network and the central heat supply must produce less 

heat. In small DH systems is it important that it is 

possible to reduce the central heat supply. In such 

cases there will be a limit for how large a decentralised 

heat source may be. 

Objective 

In this paper, some results from a recent mapping of 

DH-connected solar heating in Sweden and the initial 

stage of a new two-year project on decentralised heat 

sources is reported. The objective with the new project 

is to compile a technical description of how prosumers 

can supply heat (solar or other) to a DH system in a 

way that benefit both prosumer and DH utility. The 

initial stage, reported here, is to identify the most 

common existing connection principles employed for 

prosumers solar installations in Sweden and to 

describe why they are not working as well as expected. 

STATE OF THE ART 

The purchase of DH via a substation is well described, 

not least in technical guidelines.  The delivery of heat 

into a DH network is more complicated and less 

developed. There are however some basic principles, 

for instance documented in Swedish technical 

guidelines [9]. There is no scientific literature, or other 

literature, that in detail describes the connection of 

decentralised heat sources. 

In order for a decentralised heat source to be 

integrated with the DH grid to be able to deliver surplus 

heat, exclusively primary connections are considered in 

this study. 

A further distinction concerns whether the DH water, 

after being heated, should be fed into the return pipe or 

into the supply pipe. Both so called R/R connection, 

meaning that water is taken from the return pipe and 

fed back into the return pipe after being heated, as well 

as R/S connection, where water is fed into the supply 

pipe, exists. The R/R connection can be suitable if the 

heat source has a temperature that is lower than the 

temperature of the supply pipe [4]. However, an 

increased return temperature is often not beneficial for 

the DH system. Moreover, supply of surplus heat with a 

lower temperature than the supply temperature does 

not always has to be a problem, especially if the heat 

supply is small in relation to the total network load or if 

it occurs in peripheral or “weak” (i.e. low differential 

pressure) parts of the network. 

One very important difference between R/R and R/S is 

that R/S can produce its own flow in the DH piping 

system while R/R cannot. The R/R system is 

dependent on the flow characteristic where it is located. 

The implication of this is that the R/R system must be 

connected to the main DH piping and the heat output 

cannot be larger than what the actual flow can take 

care of. Fore solar installations, this can be a problem 

in situations with a high production. 

This project will focus on R/S connection because it 

has become the most common alternative in Sweden 

and definitely has the largest potential. More on the 

overall system perspectives with R/S connected solar 

prosumers installations can be found in [6]. 

When solar heating is used, the set point for which 

temperature that must be achieved in order to allow 

feed-in has an impact on the solar collectors’ efficiency. 

The lower the temperature, the higher the obtained 

heat rate. At the same time, as already mentioned, the 

temperature cannot be too low in order to meet the 

requirements from the DH system. 

What the recently performed mapping on the 

performance of R/S-connected solar collectors showed, 

was that all substations basically have the same 

deficiency. The control of the feed-in pump, together 

with one or more valves, is not fully capable to handle 

the variation in flow resistance in the connection point. 

There is to our knowledge no study on the existence of 

other types of decentralised R/S-connected heat 

supply. We know of at least one case where there is 

problem to achieve a well-functioning feed-in control of 

a small peripheral peak load boiler. 

METHODS/METHODOLOGY 

The results presented in this paper is based on 

production data gathered from existing R/S-connected 

solar plants. The main author of this paper has been 

involved as a consultant, more or less, in all 

installations in Sweden. 

RESULTS 

We here choose to divide the R/S feed-in connection 

into four categories. In each category, more variants 

can be found depending on control principles, i.e. how 

control valves and pumps interact. 

1. The most common alternative, shown in Figure 1, is 

that the feed-in pump works in combination with a 

two-way valve. 

2. Another variant, shown in Figure 2, uses a three-

way valve which controls the temperature and a 

pump which maintains the appropriate flow. 

3. The category shown in Figure 3 contains hybrids 

between category 1 and 2 with 2 two-way valves 

instead of a three-way valve. 

4. In the last category, shown in Figure 4, we can find 

connections from all previous categories, instead 

the main difference is that the heat source is 

connected to the main DH pipes and not to a 

service pipe. 
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Fig. 1 Category 1 scheme. 

 

 

Fig. 2 Category 2 scheme. 

 

 

Fig. 3 Category 3 scheme. 

 

 

Fig. 4 Category 4 scheme. 

The main author of this paper has participated in the 

planning of installations in all these categories. The 

control deficiency described in this paper has, however, 

been found for all categories, even if schemes involving 

a three-way valve perform better than others. What can 

be observed is that the rate of feed-in varies in a cyclic 

manner. This happens because the feed-in pump, 

denoted P2 in the connection schemes, is not correctly 

controlled.  

The pump P2 must overcome the flow resistance in the 

feed-in circuit and the differential pressure between the 
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return and supply pipe in the DH network. The pressure 

loss in the feed-in circuit can be divided into two levels 

for category 1-3:  

 If the flow resulting from consumption of DH is 

larger than the production of the local heat source. 

 If the flow resulting from local heat supply is larger 

than the consumption of DH. 

In the first alternative, the feed-in circuit can be defined 

as the added part of the system that connects the local 

producing heat exchanger from the shut-off valves 

close to the DH service pipe. The minor losses in the 

feed-in circuit consists mainly of losses in the heat 

meter, one or two motorised control valves and a non-

return valve. The heat exchanger makes up a larger 

part of the total loss, whereas the pipe friction losses 

are very small. 

In the second alternative, the length of the pipes and 

number of minor losses is increased because the 

actual point of feed-in is relocated, from a position by 

the service pipe to a position by the main pipe. The 

minor losses might increase slightly, depending on the 

placement of the heat meter. The pipe friction losses 

will however increase, although still remain small. 

If the local heat supply is larger than the local 

consumption, the pressure losses should be examined 

closely in order to establish how these affect the control 

of P2. The large challenge is to control P2 in order for it 

to overcome the feed-in circuit pressure losses and the 

DH differential pressure. The difference between these 

two is that the DH differential pressure is independent 

of the feed-in flow, whereas the feed-in losses are not. 

At low feed-in rates and a relatively large difference 

between DH return and supply pipes, the feed-in flow 

can be very small. In such a case, the pump more or 

less only has to overcome the differential pressure. 

Once that is achieved, the feed-in flow increases 

rapidly. Too high a feed-in flow will empty the local 

production circuit from heat which is automatically 

brought to a standstill. 

For category 1, a high loss can be created by the two-

way valve, which thereby creates controllability of the 

feed-in circuit. The pressure loss in the valve must be 

dominant over the differential pressure. The problem is 

however that the pump’s electricity consumption will 

increase. 

The idea with schemes according to category 2 is that 

P2 is to produce a sufficiently high pressure and the 

three-way valve will then control the feed-in supply 

temperature by controlling the flow in the inner circuit. 

This implies that the feed-in flow varies depending on 

the rate of local heat supply. 

The mapping of solar prosumers installations shows 

that they are not producing as much heat as could be 

expected. As mentioned before, the specific production 

rate is dependent on the working temperature of the 

solar collector. If there are fluctuations in the system, 

the temperature in the collectors becomes higher and 

the efficiency is reduced. 

Figures 5-7 illustrates the control problem which 

causes fluctuating feed-in. The figures show production 

data from a substation fitting into category 2 during a 

day in mid-July. Figure 5 displays the heat rate fed into 

the DH network. It should be mentioned that this day 

was sunny and the average production (of about 

50 kW) was high. 

 

Fig. 5 Rate of heat feed-in from a solar prosumers during 

a day in mid-July. 

As can be seen, the feed-in varies between virtually 0 

to 100% in cycles of around 20 minutes. Figure 6 

displays the solar collector circuit temperatures – the 

“warm”, entering the heat exchanger, and the “cold” 

leaving the heat exchanger – and the feed-in circuit 

temperatures – the “warm”, leaving the heat exchanger 

and going into the DH supply pipe, and the “cold”, 

coming from the DH return pipe and entering the heat 

exchanger. In dotted lines the temperature difference 

on each side is displayed, which is inversely 

proportional to the flow rate. 

 

Fig. 6 Solar circuit and feed-in circuit temperatures 

entering and leaving the heat exchanger. 

Figure 7 displays a combination of Figures 5 and 6, but 

zoomed in to illustrate the course of events during two 

cycles. 
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Fig. 7 The data displayed in Figure 5 and 6 zoomed in to 

show two cycles. 

The fluctuations are caused by the control system, 

regardless of type of system being used. The course of 

events can be explained as follows: 

The sun shines and the pump in the solar circuit starts 

and transports the heat to the substation. When the 

temperature on the DH side of the heat exchanger is 

sufficiently high, the feed-in starts. There is now a 

certain amount of fluid in the solar circuit containing a 

certain amount of heat energy. If the control system 

cannot control the pump and/or control valve properly, 

the feed-in flow will be too large and rapidly transfer all 

heat in the solar circuit into the DH network. If the 

transferred heat rate is larger than what is produced by 

the solar collectors, the temperature in the solar circuit 

will decrease, and subsequently the heat output. Then, 

the temperature will increase again and the circle is 

closed. 

There is a connection between the duration of the 

sequence just described and the transport time for a 

unit of flow to travel one lap in the circuit. The latter can 

be described as: 

“Lap time” [minutes] = “The circuit volume” [Litre] / 

“Solar circuit flow” [Litre/minute]. Typical for a solar 

installation with a primary DH-connection is around 

10 minutes. The duration of the sequence is often 1.5 

to 2 times the circuit lap time. In category 2 schemes, 

where heat is more easily transported to the DH side, 

the sequence time is shorter. In category 1 schemes, 

where feed-in of too cold water into the DH network 

must be avoided, it is harder to transfer the 

temperature from the solar circuit to the DH side, 

resulting in longer sequences. 

Figure 8 illustrates further the varying characteristic of 

the DH network differential pressure. It was measured 

at another substation which fits into category 4, i.e. 

connected directly to the main DH pipes. 

 

Fig. 8 DH temperatures and differential pressure in a 

prosumer substation. 

At the time, there was no production of solar heat. The 

increase in DH temperatures was the result of an 

experiment aiming to test the controllability of the feed-

in pump. The pump speed was manually altered in 

steps of 5%. The feed-in went from 0 to 100% during 

one such 5%-step. It is worth noting that the differential 

pressure varies rapidly with an amplitude of 16-19%. In 

just a few minutes, the variation can be substantially 

larger than what the pump speed control id designed 

for. 

The result of the initial mapping of decentralised R/S-

connected systems is that it is of large importance to 

achieve a well-adjusted feed-in flow. The feed-in heat 

rate must match the heat rate produced by the solar (or 

other) circuit. One of the conditions for this is that the 

decentralised heat supply always is prioritised and that 

the heat supply balance is maintained by the DH utility. 

Network calculations concerning the impact of 

prosumers have been performed in [5] and [10]. This is 

the same principle applied for e.g. solar photovoltaic; 

all power is guaranteed access to the grid and the 

frequency is maintained by another part. 

DISCUSSION 

At this stage of the project, it is hard to say exactly 

what needs to be done in order to improve the 

controllability and function of these prosumer 

installations. There is no literature or previous work 

dealing with this, which perhaps is understandable 

considering that distributed generation is far less 

common in DH systems than in the power system. In 

order for this development to continue and gain a wider 

interest, it is of uttermost importance to get the feed-in 

connections to work properly. Hopefully, the continued 

work, of ours and others, will reach that goal. 

OUTLOOK 

Considering the large interest for distributed power 

generation in many countries, a similar development 

within the DH sector, in countries where this sector is 

fairly large, is likely to follow. As for power, solar energy 

will probably, at least initially, be the most common 
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source of decentralised heat supply. However, since 

the DH sector has a long tradition of utilising industrial 

surplus heat, we might see a quite large diversity of 

types of decentralised heat supply in the future. At least 

two trends speak in favour for this: with lower network 

temperatures, it will be easier to utilise surplus heat of 

low temperature, and with more liberalised heat 

markets, more DH customers and owners of property 

might want to make use of surplus heat. Such surplus 

heat might comprise for instance rejected heat from 

cooling machines. 

CONCLUSIONS 

The connection scheme involving a three-way valve 

appears to be a more suitable solution in order to 

achieve a proper flow and pressure than schemes 

using a two-way valve. In order to fully control the feed-

in flow, it is important to know the differential pressure 

in the connection point and to take it under 

consideration. The control system must be able to 

follow and adapt to any changes. Existing control 

methods are generally not capable of handling such 

changes. 
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