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Abstract 

Most buildings in Sweden are warmed up using a district heating supplier. This method 

consists in obtaining the thermal energy in high efficient plants and then transport it to the 

consumers, using water flowing through the pipes from the plants to the buildings.  

There are two main methods for balancing radiators for space heating: high-flow and low-

flow. The former is based on a high water flow with a low temperature drop across the 

radiator and has been traditionally used. This systems demand a lower supply temperature 

from the district heating network. On the other hand, there is the low-flow method, whose 

flow is lower than in the other case, but the temperature difference in the radiator is 

greater. For low-flow systems, the DH companies should provide a higher temperature. 

Some practitioners state that it is possible to save energy if low-flow method is applied. 

Some others disagree or say that it has some disadvantages such as the difficulty of 

integrating it with some alternative energies. The aim of this work is to check the energy-

saving potential of low-flow balancing method. For that purpose, IDA ICE 4.6 is used. 

The systems tested are 70/30 (supply/return temperatures in the radiator), 60/45 

and55/45ºC. Two different periods have been chosen for the simulations: one colder in 

January and another one warmer in November. 

The simulations indicate that it might be possible to save energy when applying low-flow 

balancing method. The energy usage is 7.4 kWh and 12.0% higher for 60/45 and 55/45 ºC 

in comparison with 70/30ºC during January. For the period in November, with a lower 

heat demand, the same behavior is observed, but by 9.5 and 16.2% respectively. In 

addition, as the overheating is lower in low-flow systems, it is easier for them to provide 

the desired thermal comfort.  
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1 Introduction 

1.1 Background 

Nowadays in Sweden, the majority of the buildings are warmed up using district heating. 

It consists of heat source, piping network (distribution) and heat supplier. The source 

might be divided into heat recovered from the industry, which otherwise would be lost, 

and produced in central plants whose high efficiency makes DH more environmentally 

friendly than other alternatives [1]. The whole network can be divided as well into 

primary and secondary systems. The first mentioned includes from the production of the 

heat to a  heat exchanger placed in the building with the purpose of transmitting the 

energy from the primary to the secondary system. The latter covers from the heat 

exchanger to the radiators, including pipes and different types of valves, and is where the 

scope of this thesis is focused. 

The working method of radiator systems has changed over the years. In the past, the 

design supply/return temperatures in use were 90/70 ºC and 80/60 ºC. Later, lower 

temperatures have been being employed, such as 60/45 ºC, 60/40 ºC and 55/45 ºC [2]. 

There are two main ways of operation of the radiators these days: high-flow and low-

flow. The former is the most common and is characterized by a temperature difference of 

about 10-15 ºC, which implies a higher water flow. On the other hand, during the 1960s 

in Kiruna, a new method consisting in maintaining the supply temperature while reducing 

the flow was tried. Consequently, the same power output was obtained as the return 

temperature reduced (30ºC < ΔT < 50ºC). Low-flow systems has received both support 

and opposition. An argument against it is that, if you want to integrate new types of heat 

sources such us solar collectors, lower temperatures are preferable. Among the positive 

points, low-flow radiators working together with Thermostatic Radiator Valves (TRVs) 

are able to lower the water flow (smaller pumps needed), reduce overheating, which 

means a lower heat consumption [3,4], and achieve a lower return temperature, which is 

beneficial for the district heating [2]. As a result,  economic benefits would be possible to 

achieve in Sweden [5].   

These days, with the increase of the greenhouse effect, energy demand and 

competitiveness, research about low-flow heating systems has become important for the 

industry. As TRVs mounted in district heating systems is a field where not many reports 

have been done, it becomes an even more interesting topic to research. 
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1.2 Objective 

Companies are aware of the importance of energy efficient measures. That, together with 

the possibility of improve the benefit make them interested in research. The aim of this 

thesis is based on looking for energy savings when using low-flow balancing method, 

instead of the traditional high-flow. These are divided in a power reduction of the pump, 

due to the smaller water flow, and a lower heat consumption because of the decrease of 

the overheating, which is the point of study. For that purpose, software IDA ICE 4.6 is 

used. 

1.3 Boundaries 

Figure 1 shows a space heating network based on radiators. Despite the fact that its 

functioning will be explained in section 2.1, it is useful to state the limitations of this 

project. 

 

Figure 1. Schematic picture of a radiator system connected to district heating [6]. 

As the model is a room of an apartment, the primary network is omitted. The same occurs 

with the expansion tank, the pipes and the balancing valves. In addition, just one radiator 

is taken into account. This is because only one room will be simulated, and the pipes 

(length, bends...) and the balancing valves depend on the whole system. Then, the idea is 

to focus on the heat releasing component, what is to say, the radiator. 

Regarding the hysteresis of the TRV, its value might be found in the range 0.3-0.7 ºC. It 

depends on several factors, as the valve itself, use and maintenance (lubricant). To 

simplify, an ideal behavior is assumed. 
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Apart from that, the kv real dependence on the valve opening (H) is non-linear. This is 

hard to set mathematically because it varies according to many factors (shape and size of 

the cross section, type of the flow, amount of mass flow...), so the theoretical (linear) 

curve  is assumed. On the other hand, when the valves are closed, there might be a small 

leakage, but this is negligible. 

The last assumption is about the valve authority, which is typically around 50%. 

Nevertheless, it is set linear due to simulation reasons. In other words, 1 (100%). 
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2 Theory  

2.1 Overview 

The functioning of the radiator system in Figure 1 is described here. The heat exchanger 

makes possible the energy transfer between primary and secondary system. The 

temperature of the water coming from the DH is dependent on the outdoor (ambient) 

temperature, Tamb. Its flow, �̇�𝑝, is regulated by a valve  in charge of the controller. 

In the secondary part, the water mass flow, �̇�𝑠, is regulated by a pump led by the 

controller. The expansion tank is useful for the network to deal with pressure variations, 

because its inner part is made of rubber. 

When talking about heating systems, the differential pressure across the different 

radiators (Δprad) may vary. The reason why it occurs is based on the friction between the 

pipes and the tubes (dynamic pressure), and the height difference of the radiator with 

respect to the pump (static pressure). The further and higher the heating unit is from the 

pump, the lower Δprad is. It is explained in more detail in section 2.3.  To minimize that, 

balancing valves are used. When a dwelling is built, or during maintenance work, the 

practitioners set each one of these valves to its right position, which is different 

depending on the radiator. Besides, regulating valves are in charge of modifying the water 

flow going through them to deal with fluctuations in room temperature, Troom. 

2.2 Radiator 

The heat released by this hydronic device is divided into conduction, convection and 

radiation. Conduction is based on the transmission due to the interaction and contact 

among particles. Then, this type of emission is small when a gas is involved. As a 

consequence, heat due to conduction can be neglected compared to convection and 

radiation. 

�̇�𝑟𝑎𝑑 = �̇�𝑐𝑜𝑛𝑑 + �̇�𝑐𝑜𝑛𝑣 + �̇�𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 ≈ �̇�𝑐𝑜𝑛𝑣 + �̇�𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛                           (1) 

where 

Q̇rad: total thermal power released by the radiator [W/m2] 

Q̇cond: thermal power released by conduction [W/m2] 

Q̇conv: thermal power released by convection [W/m2] 

Q̇radiation: thermal power released by radiation [W/m2] 
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Natural convection fundamentals are density differences. When the surface of the radiator 

warms the surrounding air up, it becomes less dense. Consequently, it starts to rise, 

leaving the space around the radiator free to be occupied for more air. As a result of this 

motion, heat is transmitted to the air volume in the room. 

�̇�𝑐𝑜𝑛𝑣 = ℎ(𝑇𝑟𝑎𝑑 − 𝑇𝑟𝑜𝑜𝑚)                                        (2) 

where 

Q̇conv: thermal power output by convection [W/m2] 

h: convection coefficient [W/m2ºC] 

Trad: temperature of radiator surface [ºC] 

Troom: temperature of room air [ºC] 

Radiation heat transfer is due to electromagnetic waves emitted by the molecules within 

the body because of their thermal agitation.  

�̇�𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝜀𝜎(𝑇𝑟𝑎𝑑4 − 𝑇𝑟𝑜𝑜𝑚4 )                                                                                        (3) 

where 

Q̇radiation: heat output due to radiation [W/m2] 

ε: emissivity factor 

σ: Stefan Boltzmann's constant (5.67*10-8 W/m2ºC4) 

Trad: temperature of radiator surface [ºC] 

Troom: room temperature [ºC] 

Regarding the water, it releases heat to the radiator before it passes to the environment. 

The energy balance for the water is: 

�̇� = �̇�𝑐𝑝(𝑇𝑖𝑛 − 𝑇𝑜𝑢𝑡)                                                                                                        (4) 

where 

Q̇: thermal power transfer from the water to the radiator [W] 

�̇�: water mass flow [kg/s] 

cp: specific heat capacity of water [J/kgºC] 

Tin: water temperature at radiator inlet [ºC] 

Tout: water temperature at radiator outlet [ºC] 

When talking about the heat emitted by radiators, it is important to be aware of the power 

needed. It depends on the weather where the building is placed, its insulation, the design 

temperature, the type of building (office, apartment...). Furthermore,  a radiator oversized 
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to make sure it can deal with the coldest days. The dependence between the thermal 

power output and the construction of the radiator [7] is the following: 

�̇�𝑟𝑎𝑑 = 𝐾𝑟𝑎𝑑𝛥𝑇𝑙𝑚𝑛                                                                                                            (5) 

𝛥𝑇𝑙𝑚 = 𝑇𝑖𝑛−𝑇𝑜𝑢𝑡
ln (

𝑇𝑖𝑛−𝑇𝑟𝑜𝑜𝑚
𝑇𝑜𝑢𝑡−𝑇𝑟𝑜𝑜𝑚

)
                                                                  (6) 

where 

Q̇rad: thermal power output from the radiator [W/m2] 

Krad: radiator constant, dependent on size and design of the radiator [W/ºCn] 

n: radiator exponent, dependent on size and design of the radiator 

ΔTlm: logarithmic mean temperature difference [ºC] 

The radiator exponent is within the range 1.1< n< 1.4 [8]. In the model of the room, using 

IDA ICE, n=1.28. 

In equations (4) and (5), it is possible to observe the relation between heat release, flow 

and temperature difference. When the water flow is lower, it passes slowly through the 

radiator and the temperature drop increases, having a greater cooling of the water, which 

is beneficial for district heating companies. It is shown in Figure 2. 

 
Figure 2. Relative heat emitted in relation to relative flow at a different temperature drops 

across the radiator [9]. 

When looking at the radiator diagram, you can see that at high flows, the output 

dependence on the water flow is important, because a great change in the flow is needed 

to vary the thermal output. However, as it decreases, this effect is minimized. For 
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instance, in a 55/45ºC (Tin=55ºC, Tout=45ºC) radiator system, it is needed a greater flow 

and less temperature drop (ΔT=10ºC) than in a 70/30ºC system (ΔT=40ºC) to provide a 

similar heat output. 

Apart from this, there is a type of intermediate-flow balancing method (60/45ºC in Figure 

2) which is commonly used in present days. It has the advantage of less energy losses in 

the distribution network in comparison with 70/30ºC systems due to its lower supply 

temperature. 

When low-flow balancing method is used, the pressure drop in the system is lower and 

radiators have similar differential pressures. It is beneficial not only because less energy 

is needed to run the pump, which is also cheaper due to the lower requirements, but also 

because it simplifies the balancing and design of the heating units [10]. 

2.3 Balancing 

Its aim is to set the right flow through every radiator in the system. It is of major 

importance because it concerns how the flow is distributed in the different branches and 

the interaction among the different radiators.  

𝛥𝑝𝑇𝑂𝑇 = 𝛥𝑝𝑟𝑎𝑑 + 𝛥𝑝𝑝𝑖𝑝𝑒𝑠 + 𝛥𝑝𝑣                                              (7) 

where 

ΔpTOT: pressure drop in the whole system [Pa] 

Δprad: pressure drop in the radiator (Pinlet-Poutlet) [Pa] 

Δppipes: pressure drop through the pipes [Pa] 

Δpv: differential pressure across the valve [Pa] 

When a fluid is going through a pipe, it encounters resistance in the form of viscous 

friction, bends and ramifications (the tubes of a radiator, for example). These factors 

influence the flow and the non-dimensional number that determines if it is laminar or 

turbulent is the Reynolds number: 

𝑅𝑒 = 𝜌𝑣𝐷
𝜇

                                                                                                                            (8) 

where 

Re: Reynolds number 

ρ: density of the fluid [kg/m3] 

D: inner diameter of the pipe [m] 
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μ: dynamic viscosity of the fluid [Pa s] 

The change from laminar to turbulent does not happen suddenly. There is a transition 

range where it is not possible to state if the flow is laminar or turbulent. However, for 

calculations, there is a need to set a point instead of a range. Then, the assumption of 

laminar flow is valid up to Re=4000, while for Re>4000 turbulent flow occurs. 

Nevertheless, in practice most of the flows are turbulent as a result of the bends, 

ramifications and particles suspended in the water that get stuck on the inner part of the 

pipe increasing its roughness. For fully turbulent flows in pipes, the next expression is 

used: 

𝛥𝑝𝑝𝑖𝑝𝑒𝑠 = 𝑘𝑞2                                                                                                                   (9) 

where 

Δppipes: pressure drop in the pipes [Pa] 

k: flow resistance [Pa/(m3/s)2] 

q: volumetric flow [m3/s] 

The expression for the differential pressure across the radiator is the same as in the case 

of the pipes, equation (9). 

According to equation (9), when a system is set to low-flow method, the friction in the 

pipes gets small in comparison with the valve and can be neglected. 

2.3.1 Pump 

The pump is the equipment in charge of guaranteeing the pressure drop of the whole 

system, as equation (7) shows. The relationship between the pressure rise that must be 

provided by the pump and the flow through it is referred to as the pump characteristic. On 

the other hand, the magnitude of the flow varies according to the pipes (size, changes of 

direction, material...), valves and radiators, and influence on the total pressure drop of the 

system. The curve that shows that dependence is known as the system characteristic. The 

point where the pressure rise given by the pump is the same as the pressure drop in the 

whole system is the system operating point, Figure 3. 
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Figure 3. System and pump characteristic. 

2.3.2 Regulating valve 

The aim of the control valves is to regulate the flow, which means the heat output, 

according to the room temperature so it can be maintained at the set value. As a result, 

overheating is reduced. Furthermore, thermostatic radiator valves have been proved to be 

helpful saving energy [11-13]. Figure 4 shows a common used TRV, with the thermostat 

placed in the left part of the valve: 

 
Figure 4. Thermostatic radiator valve. 

It is possible to see the interior of a valve in Figure 5. 
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Figure 5. Valve assembly [14]. 

These type of valves have different positions (3 or 4 usually) that can be set by the 

manual actuation of the user to deliver a higher or lower power output. The functioning of 

the thermostat is based on the expansion/contraction of the filling substance. The two 

main thermostats currently in use are gas-filled bulb and wax- filled tubes. When the 

temperature rises, these materials start to expand. Consequently, it starts to obstruct the 

hole through which the water is passing. If, on the contrary, the temperature of the 

surrounding air is decreasing, the wax or gas begin to contract, allowing more water to 

flow and providing a higher thermal output to heat the room up. 

2.3.2.1 Valve capacity 

Valve capacity is expressed by using the kv value. It gives the amount of flow [m3/h] in 

motion through the valve at a differential pressure of 1 bar. 

𝑘𝑣 = 𝑞
�𝛥𝑝𝑣

                                           (10) 

where 

kv: valve capacity [m3/h] 

q: volumetric flow [m3/h] 

Δpv: differential pressure across the valve [bar] 

Equation (10) is a simplified expression of (11) when using water and the 

reference pressure drop is 1 bar. 
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𝑘𝑣 = 𝑞

�
𝛥𝑝𝑣
𝛥𝑝𝑣0

𝜌0
𝜌

                                            (11) 

where 

kv: valve capacity [m3/h] 

q: volumetric flow [m3/h] 

Δpv: differential pressure across the valve [bar] 

Δpv0: reference differential pressure, 1 bar 

ρ0: reference density, 1000 kg/m3 (water) 

ρ: density of the fluid, 1000 kg/m3 in this case (water) 

The kv value when the valve is fully open is usually called kvs.  

2.3.2.2 Valve characteristic 

The amount by which the valve is choking the flow is known as valve opening, H, and is 

expressed in percentage. The relationship between the former and the valve capacity, kv, 

is referred to as the mechanical valve characteristic [15] (see Figure 6). 

 
Figure 6. Different  mechanical valve characteristics (Cv and kv are the same). 

H=100% indicates that the valve is fully open, and kv reaches its maximum value, kvs. If 

the opposite occurs (H=0), there is no fluid in motion and kv becomes zero too. However, 

in practice there is a small leakage, which is neglected, when the valve is totally closed. It 

is important to notice that the linear form is a standardized form (actually, it is the one 

used in this thesis).  

On the other hand, the true valve characteristic represents the flow across the valve in 

relation to its opening [15]. 
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2.3.2.3 Valve authority 

When the heat demand in a heating system changes, so does the pressure drop across the 

regulating valve. Then, the true valve characteristic differs from the mechanical valve 

characteristic. The pressure drop across a control valve when it is totally open and the 

pressure drop when it is totally closed is known as valve authority, β [8]. 

𝛽 = 𝛥𝑝𝑣,𝑓𝑢𝑙𝑙𝑦 𝑜𝑝𝑒𝑛

𝛥𝑝𝑣,𝑓𝑢𝑙𝑙𝑦 𝑐𝑙𝑜𝑠𝑒𝑑
                           (12) 

where 

β: valve authority [percentage, per unit] 

Δpv,fully open: differential pressure across the valve when fully open [Pa] 

Δpv,fully closed: differential pressure across the valve when fully closed [Pa] 

The valve authority is within the range 0<β<1, being 1 an almost theoretical value 

difficult to achieve in practice. When it is equal to 1, it means that the true valve 

characteristic remains the same as the mechanical one. However, it is common to design 

the system with β=0.50, because the requirements are lower and, then, the pump is 

cheaper. 

To figure how the distortion (in a linear valve) of the true valve characteristic varies 

according to β, see Figure 7. When valve authority is equal to one, the true characteristic 

remains the straight line, which is the mechanical characteristic for a linear valve. 

 
Figure 7. True valve characteristic of a linear valve [15]. 

 One can see that by decreasing valve authority, the influence that the valve opening has 

over the flow through it is lower. When it happens, it is said that the valve authority is 
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poor. On the other hand, the valve has a total control over the flow when β=1, because the 

flow rate changes in the same way as the valve opening. 

It is better to design such a system that the valve authority is high and the true 

characteristic distorts less [16]. However, what really matters is the shape of the true 

characteristic and, therefore, how regulation occurs in a certain system.  

2.3.2.4 Control 

The regulation task of the valve is led by a proportional controller in most cases.  A 

sketch of such a controller can be found in Figure 8. 

 
Figure 8. Proportional controller block. 

𝑢 = 𝑢0 + 𝐾𝑒                        (13) 

where 

u: control signal (system output in Figure 8) 

u0: control signal when error is equal to zero 

K: controller gain 

e: error signal. It is equal to the setpoint minus  the measured value 

The existence of the error signal prevent the system to achieve the exact setpoint. The 

reason why it occurs is that the output control signal is proportional to the control error, 

which is equal to the difference between the setpoint and the measured value. Despite this 

drawback, proportional control is the most common type of control system when talking 

about radiator thermostatic valves. 

P-band 

In radiator control, the proportional band represents the temperature range within the 

valve changes from fully open (H=1) to fully closed (H=0). Figure 9 shows the 

relationship between the valve opening and the temperature for a P-band of 2ºC.  
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Figure 9. Valve opening dependence on temperature for a P-band equal to 2ºC. 

If the setpoint is 21ºC, the limits of the proportional band are 20 and 22ºC. When the 

room temperature is lower than 20ºC, the valve is totally open to allow the maximum 

flow in order to release as much heat as possible. When it gets to 20ºC and keeps rising, 

the valve starts to close because less thermal output is needed. The behavior remains the 

same until the temperature reaches the high limit of the P-band, which is 22ºC in this 

case.  

In regard to IDA ICE, the function of Figure 9 is slightly modified around the sudden 

changes of the slope to make them smoother, but the changes are insignificant for the 

quality of the results. The reason why this modification is made is to run the simulation in 

an easier way for the software. 

The P-band is also related to the control system gain as the following expression states: 

𝑃 − 𝑏𝑎𝑛𝑑 = 1
𝐾

                         (14) 

The meaning of  the previous equation is that a higher gain involves a narrower 

proportional band and vice versa. In other words, the gain of the controller 

indicates how fast the control action is. The higher the gain is, the faster it reacts. 

Nevertheless, it is important to point out that, if K is too high, it might cause 

instability in the system and its parameters start to oscillate. The unstable behavior 

is a problem not only because it causes thermal discomfort in the room, but also 

because it decreases the lifetime of the components and increases the cost of the 

maintenance. 

Figure 10 shows the behavior of a  proportional controller: 
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Figure 10. Sketch of the control response to a change in the parameter to be 

controlled. 

In the figure, r represents the control parameter, and u means the control signal. 

The dead time (Td), also known as time delay, is the time period that takes from 

when a temperature change occurs (the step in the upper part of the figure) to the 

moment the controller starts to react (bottom of the figure). The typical time delay 

is between 0.6 and 2.4 minutes. 

The time constant (Tk), or τ, is the time that elapses since the reaction of the 

control system until the output signal reaches 63% of its final value. The range 

where this parameter can be found is between 2 and 6 minutes. 

In Figure 11 one can observe that, when K is lower (dark line), the response is 

slower. On the other hand, if the gain increases too much, the output signal may 

cause oscillations around the setpoint. It is possible to see as well that the dark 

line does not reach the setpoint. In regard to the oscillating curve, it happens the 

same despite it may be closer to the setpoint. 
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Figure 11. Stable/unstable behavior of a P-controller. 

Oscillations are more likely to happen in low-flow balancing method than in high-

flow, because the gain is higher in the former mentioned. Setting the control 

parameters becomes of major importance. For that purpose, two methods 

developed by Ziegler and Nichols have been used for many years: step-response 

and self-oscillation rules. 

The step-response method is based on analyzing the control block when it is 

separated from the rest of the system. Then, different steps are applied to observe 

how the control system reacts, focusing on dead time, time constant and the 

variation of the control parameters. The next expression is used for P-controllers: 

𝑃 − 𝑏𝑎𝑛𝑑 = 𝑇𝑑
𝑇𝑘

𝛥𝑟
𝛥𝑢

                     (14) 

where 

P-band: the necessary proportional band 

𝑇𝑑: dead time  

𝑇𝑘: time constant 

𝛥𝑟: variation in control parameter 

𝛥𝑢: variation in control signal 

On the other hand, the self-oscillation rule consists of increasing the gain of the 

control system, which is to say reducing the proportional band, until instability 

appears. When the controller is proportional, and it should be fast, the following 

equation must be applied: 
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𝑃 − 𝑏𝑎𝑛𝑑 = 2𝑃𝑐𝑟𝑖𝑡                       (15) 

where 

P-band: the necessary proportional band 

𝑃𝑐𝑟𝑖𝑡: the value of the P-band when the system starts to oscillate 

When setting a P-controller, the designer should notice that the right value of the 

proportional band is around 2ºC for high-flow systems and up to 0.5ºC for low-

flow balancing method [15]. 



 

 18 

3 Method   

For the simulations, IDA ICE 4.6 has been used. This is a software to simulate building 

performance [17]. In fact, it is a widely spread thermal building performance simulator 

based on the new technology [18].  

First of all, the location was set as Kalmar and the weather was loaded from its database 

as Kalmar-1968. 

The sizing of the radiator was made after having set  the thermal bridges, the number of 

occupants, lights, the setpoints for the Air Handling Unit (AHU), etc. These components 

are explained in more detail in section 4. The  necessary thermal power output was 

determined according to the PPD (Predictive Percentage of Dissatisfied) Ole Fanger's 

comfort index and the EN-15251 regulation for thermal comfort. According to them, and 

looking for a good comfort category, 560 W were obtained. However, in order to deal 

with the coldest sporadic peaks, radiators are oversized. In this case, the degree of 

oversizing is 25%, resulting in a radiator of 700 W. 

The systems which are simulated are 70/30ºC, 60/45ºC and 55/45ºC. This variety has 

been chosen to check if the energy savings in the secondary system are important, 

comparing the most common cases of DH. 

The simulation periods selected to do the tests have been chosen according to the criteria 

of study the thermal behavior in different heat demand situations, as follows: 

• Cold period in January, from 01-06 to 01-12 (in terms of annual hours, the range 

120-288 h). See Figure 12. 
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Figure 12. Outdoor temperature in Kalmar, 01-06 to 01-12. 

• Warmer period in November, from 11-19 to 11-25 (7728-7896 h). See Figure 13.  

 
Figure 13. Outdoor temperature in Kalmar, 11-19 to 11-25. 
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4 Description of the model 

To have an idea about what factors are involved in the indoor environment, see Figure 14. 

The construction of the wall, glazing, power output from the radiator, water flow, etc. are 

explained in the following paragraphs.  

 
Figure 14. Factors involved in the indoor environment of a room [19]. 

The room to study has a surface of 10 m2 and belongs to an intermediate floor of a block 

of apartments. Its height is 2.6 m and there is a 3-pane window in the exterior wall. The 

construction of walls (from the inside to the outside), floor (from floor top to floor 

bottom), ceiling and window, as well as their properties are explained in the next list: 

• External wall. Concrete 150 mm/ light insulation 100 mm/ brick 120 mm. 

U=0.3084 W/m2ºC. Area=5 m2 (6.5 m2 of facade minus 1.5 m2 of window). 

• Internal walls (three walls). Gypsum 130 mm/ light insulation 100 mm/ gypsum 

13 mm. U=0.3262 W/m2ºC. Area=10.4 m2. 

• Window. 3-pane glazing, U=2W/m2ºC. Area=1.5 m2. 

• Floor and ceiling (the ceiling is the floor of the upper room). Floor coating 5 mm/ 

l-w concrete 20 mm/ concrete 150 mm. U= 2.385 W/m2ºC. Area=10 m2.  

As the apartment is in the middle part of the block, floor and ceiling can be assumed as 

adiabatic. The reason why is because the upper and lower rooms are supposed to be at the 

same temperature. Then, if there is no temperature difference, no heat is transmitted. It 

happens the same with the internal walls, which are adjacent to other rooms at the same 
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temperature. Consequently, the conduction heat losses are due to the external wall, 

window and thermal bridges. 

Regarding the thermal bridges, the values are expressed per meter of joint. The value for 

the joint external wall/internal slab (external wall with floor or ceiling) is 0.05 W/ºC. For 

external wall/internal wall, it is 0.03 W/ºC. About the perimeter of the external windows, 

the amount is 0.03 W/ºC too. 

When talking about infiltration, it is set to 0.6 l/m2s at a pressure difference of 50 Pa. 

About the air handling unit, it is important to point out that it is CAV system which 

provides an air change rate of 0.5 h-1. In other words, 13 m3/h, since the volume of the 

room is 26 m3 (2.5x4x2.6 m). The incoming air is heated up to 17ºC. 

The space heating is in charge of the radiator. The energy it emits is provided by the 

district heating as a function of the outdoor temperature. For the model, the design 

temperature is -10ºC, which means that the supply temperature will be 70, 60 and 55ºC 

(for 70/30ºC, 60/45ºC and 55/45ºC systems respectively) when the exterior air 

temperature is -10ºC. This is shown in Figures 15, 16, 17. 

 
Figure 15. Supply water temperature versus outdoor temperature (both in ºC) for 70/30ºC 

system. Tdesign=-10ºC. 
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Figure 16. Supply water temperature versus outdoor temperature (both in ºC) for 60/45ºC 

system. Tdesign=-10ºC. 

 

 
Figure 17. Supply water temperature versus outdoor temperature (both in ºC) for 55/45ºC 

system. Tdesign=-10ºC. 

 

Since it is a bedroom. the occupant is there from 21:00 to 07:00. The parameter that 

determines the physical activity of the person is 1 MET. That level corresponds to a 

seated and relaxed human being. When it comes too clothing, the set value is 0.9−+0.25 

CLO, which can be thought as the sleepwear and the bed sheet. The factor plus/minus 

means that the occupant can adapt  his clothes himself by an amount of 0.25 CLO if he 

feels too warm or too cold. 
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When it comes to the equipment, there is a 50 W light working from 21:00 to 22:00 at 

night, and from 06:30 to 07:00 in the morning. 

In regard to the radiator, it has a maximum power output of 700 W and it is controlled by 

a proportional controller. The time constant of the thermostatic radiator valve is five 

minutes. For the different systems (70/30ºC, 60/45ºC and 55/45ºC), Tin is set 70, 60 or 

55ºC, while  the value of Tout is 30 and 45ºC.  The proportional band is 0.5, 1.3 and 2ºC 

respectively.     
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5    Results 

For both periods of time, simulations have been carried out for the three systems. The 

resulting data of the thermal power output from the radiator, as well as the mean 

temperature inside the room are shown in the following sections. 

5.1 January 

This 7-days period was chosen for being the coldest one throughout the year, to observe 

the behavior of the system under high demand conditions. In sections 5.1.1, 5.1.2 and 

5.1.3 it is possible to find the reaction of 70/30ºC, 60/45ºC and 55/45ºC systems 

respectively.  

5.1.1 70/30ºC 

The data obtained for the low-flow balancing method in the coldest period is shown in 

Figure 18. 

 
Figure 18. Results of 70/30ºC during 7 days in January. 

Regarding the relationship between heat emitted and outdoor temperature, one can see 
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solar radiation and, then, the thermal power demand in the radiator is lowered. This is 

what happens during the central hours of the second day (from 152 h to 157 h 

approximately). 

About what concerns the room temperature, it is maintained almost constant except from 

some peaks. Those sudden risings happen when the exterior temperature increases 

rapidly, but that is not enough. It has to occur during midday so the high amount of heat 

released by the radiator (there was a cold situation before the sudden increase) is 

complemented by the solar radiation. As a result, more time is needed to achieve a 

thermal equilibrium in the room, because more energy is received in the building. An 

example of a warm temperature change outdoors that not implies a peak inside the room 

occurs in the sixth day. Actually, this is the highest peak in the exterior air temperature 

but, as it was explained before, it happens around 7 o'clock in the morning so there is no 

energy absorbed from the sun. 

In terms of the total heat released during the simulation period by the radiator, the amount 

comes to be 10.8 kWh. 

5.1.2 60/45ºC 

For this case, results can be seen in Figure 19. 

 
Figure 19. Results of 60/45ºC during 7 days in January. 
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The general behavior is similar to the previous case, being the data a little bit different. 

However, the comparison among the three different balancing methods will be carried out 

in the discussion (section 6). 

When using 60/45ºC, the quantity of heat released by the radiator amounts to 11.6 kWh. 

5.1.3 55/45ºC 

To finish with the coldest period, Figure 20 shows the results of the 55/45ºC radiator 

system. 

 
Figure 20. Results of 55/45ºC during 7 days in January. 

About the amount of heat released by the radiator within the whole period, it turns out to 

be 12.1 kWh. No comments are made about this case, because the tendencies are 

generally the same, but comparison will be made in the discussion. 

5.2 November 

To have a wider knowledge of how a space heating system reacts, another 7-days period 

has been chosen. In this case, the climate is warmer so it is possible to realize the 

performance of the radiator under a lower demand, for the three different systems in 

5.2.1, 5.2.2 and 5.2.3. 
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5.2.1 70/30ºC 

The information obtained when testing this balancing method during a warmer period can 

be seen in Figure 21. 

 
Figure 21. Results of 70/30ºC during 7 days in November. 

As the exterior air temperature is more stable, the whole system can be so. Looking at the 

room temperature, it could be assumed as constant. On the other hand, the performance of 

the radiator is very similar from one day to another. 

The total thermal energy emitted by the radiator is 7.4 kWh. 

5.2.2 60/45ºC 

The second case corresponds to the "intermediate-flow" balancing method and its data is 

shown in Figure 22. 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

0 

5 

10 

15 

20 

25 

7728 7752 7776 7800 7824 7848 7872 7896 

Th
er

m
al

 P
ow

er
 R

ad
ia

to
r [

W
] 

Te
m

pe
ra

tu
re

 [º
C]

 

Time [annual hours] 

Outdoor Temperature Room Temperature 

Thermal Power Radiator 



 

 28 

 
Figure 22. Results of 60/45ºC during 7 days in November. 

The behavior does not differ much from the low-flow case, except from the total heat 

release, which is now 8.1 kWh. 

5.2.3 55/45ºC 

The last case of simulation corresponds to the high-flow system. Its results can be seen in 

Figure 23.  

 
Figure 23. Results of 55/45ºC during 7 days in November. 
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The shape of the curves is similar in this case too, even if it differs in some low peaks of 

the demand. 

The thermal energy delivered by the radiator amounts to 8.6 kWh in this case. 
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6 Discussion 

The discussion of the information obtained for January and November from the 

simulations is divided into two parts: one concerning the thermal comfort and another one 

regarding the energy usage of the radiator. 

6.1 January 

6.1.1 Thermal comfort 

In Figure 24, the performance of the three balancing methods regarding the room 

temperature is shown. 

 
Figure 24. Temperature values during 7 days in January. 
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temperature setpoint, which is 21ºC. The lower the temperature drop across the radiator, 

the more difficult is for it to reach the setpoint. That results in an overheating of the 

building, but that can be found in the next section. 

6.1.2 Heat releasing performance 

The main scope of this project is focused on the thermal energy emission which, in the 

case of the coldest period (January) can be seen in Figure 25. 
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Figure 25. Radiator power output during 7 days in January. 

What should be noticed in this diagram is that, as an overall, the low-flow system releases 

less heat to provide the desired thermal comfort. In comparison to the 55/45 method, 

70/30 reacts faster to temperature changes. This can be seen in the top of the peaks. What 

happens is that low-flow systems notice that the room temperature is increasing too much 

and start to choke the flow. As the valve's influence on the flow is greater in 70/30ºC than 

in high-flow cases, the power output decreases more quickly. 

On the other hand, there are the minimum demand moments, where the energy released 

by 70/30ºC is lower again. The principle is the same as before. By the time the high-flow 

system starts to react in order to emit less energy, the heat demand starts to rise again so it 

has no chance to go as low as the minimum in 70/30ºC systems. 

In regard to the 60/45ºC system, it is almost the same as the high-flow one during peak 

demands. During the rest of the time, it remains as an intermediate balancing method.  

According to what has been explained in the previous paragraphs, the overheating is 

lower in low-flow balancing method, what is shown in Table 1. 

  Heat released [kWh] 
70/30 10,8 kWh 
60/45 11,6 kWh 
55/45 12,1 kWh 

Table 1. Heat emitted by the radiator during the whole simulation period. 
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For 60/45ºC radiator, the energy usage is 7.4% higher, while it is 12.0% greater when 

55/45ºC system is used. 

6.2 November 

The same factors as in January are analyzed here, but now the climate conditions are 

warmer than before. 

6.2.1 Thermal comfort 

The relationship between room temperature and the time tested (now, the 7 days are in 

November) is shown in Figure 26. 

 
Figure 26. Temperature values during 7 days in November. 
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in that order. 

On the other hand, the amplitude of the temperature variations is also lower when it 

comes to low-flow method. This influences in the overheating phenomena that is 

presented in section 6.2.2. 
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6.2.2 Heat releasing performance 

The information obtained for November, concerning the thermal power output from the 

radiator is shown in Figure 27. 

 
Figure 27. Radiator power output during 7 days in November. 
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lower in 70/30ºC system during high demand, and quite lower during low demand; for the 
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The total heat released by the radiator is shown for all the systems in Table 2, where it is 

possible to confirm the less amount of heat released when the low-flow method is used. 

  Heat released [kWh] 
70/30 7,4 kWh 
60/45 8,1 kWh 
55/45 8,6 kWh 

Table 2. Heat emitted by the radiator during the whole simulation period. 
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6.3 January-November 

As an example of the dependence on the climate conditions, the system 70/30ºC will be 

shown for both periods to observe the difference between cold and warmer situations, as 

well as the influence of the big variations in the exterior air. 

Apart from that, as it has been possible to observe in the diagrams, the radiator might 

have been oversized in excess. However, it has been done that way to provide the best 

thermal comfort situation in the building and guaranteeing that the setpoint could be 

recovered quickly when the temperature drops rapidly.  

The comparison between the both periods can be seen in Figure 28. But first, it is needed 

to point out something about the time scale. Obviously, the period of January does not 

cover the period from the hour number 7728 of the year to the hour 7896. However, it has 

been necessary to change the time scale so both cases can be compared. Then, the 

important aspect is to see the variation between days, because the first day of the period 

in January is the first day of the period in November and so on. 

 
Figure 28. Comparison between room temperature in January and November. 

It is possible to realize that, the wider the changes in the outdoor temperature (as happens 

in the period simulated in January), the bigger the fluctuations in room temperature are. 

The same happens with the thermal energy demand, as shown in Figure 29 and Table 3. 
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Figure 29. Comparison between power output from the radiator in January and 

November. 

  Heat released [kWh] 
January 10.8 kWh 

November 7.4 kWh 

Table 3. Heat emitted by the radiator during the whole simulation periods of January and 

November. 
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7 Conclusion 

According to the tests that have been carried out in this master thesis, different 

performances have been noticed for each type of system.  

In regard to the thermal comfort, the higher the temperature difference across the radiator 

(that means low-flow method), not only the more stable the room temperature is, but also 

the closer it is to the setpoint. That is important when setting the parameters of the 

heating system. 

On the other hand, the lower the temperature difference in the radiator (which means 

high-flow balancing method), the more heat is released to the room to achieve the same 

setpoint. That results in a higher room temperature and in an overheating situation. In 

other words, wasted energy and money. 

About the influence of the weather conditions, it has been also possible to notice in the 

report that, the more stable the temperature of the exterior air, the easier it is for the 

system to provide the right indoor environment. In addition, in the period where outdoor 

temperature was more stable (November), the percentage of savings were higher for low-

flow method. 
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8 Future work 

Despite the fact that an energy-saving potential is possible when using low-flow 

balancing method, the case of study has been generic.  

I would advice to test a specific building instead of an only room and during a whole 

heating season. However, if the building is real (not a simulation), it is essential to be 

aware of its state. That means that there are many factors that influence the performance 

of the space heating system performance, such as pipes and suspension particles inside 

them, valves, hysteresis, tolerances, type of building, etc. 

Even if it were more profitable regarding the secondary system (it means, heat exchanger 

and building), it would be necessary to check the economic profit from the point of view 

of the heat supplier and deliverer.  
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