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I Forward 

 

The EU Directive (2010/31/EU) on the energy performance of buildings states that "the rate of 

building renovation needs to increase as the building sector is the sector with the greatest 

potential for energy savings", while the EU Directive on energy efficiency (2012/27/EU) mentions 

that "buildings account for 40% of total energy consumption in the European Union". 

I.1 The „low temperature district heating” concept 

Thermal rehabilitation of buildings aims to reduce heat loss through building elements, resulting in 

a significant reduction in heat demand for heating the building. Feeding these consumers with a 

heat carrier at the same temperature as they had been previously fed leads to a decrease in the 

efficiency of the district heating systems by increasing energy losses. In order to increase the 

efficiency of district heating systems, it is possible to move further into the energy chain by 

supplying a low temperature heat carrier, reducing heat losses in thermal networks without any 

investment for their rehabilitation. As the number of low energy buildings will grow more and 

more, the new (LTDH) system will lead to significant energy savings and improve the energy 

performance of district heating systems.  

I.1.3 Use of renewable energy sources 

Using low temperature heat carriers in the district heating systems has opened the way for using 

a multitude of heat sources, previously considered inappropriate for this purpose: 

 low temperature residual heat from energy or industrial processes; 

 heat recovered from various processes, from data centers etc.; 

 renewable energy sources: 

- solar thermal panels 

- geothermal energy 

- heat pumps 

- heat resulted from the conversion of excess power produced by photovoltaic 

panels or wind turbines 

- cogeneration using biomass or biogas 

I.1.4 The „smart thermal grids” concept 

Directive 2010/31/EU provides that the energy performance of new buildings will be even higher 

than the current one, i.e. new buildings will have nearly zero energy consumption. But even this 

small energy consumption will have to be covered with renewable energy. The new buildings will 

have to be equipped with renewable energy technologies (heat pumps, photovoltaic panels, solar 

thermal panels or wind turbines). These buildings will be consumers and producers of thermal 

energy, at the same time. In some periods, the amount of thermal energy produced will be higher 
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than the one consumed, and excess heat will be used by other buildings. Distributed power 

sources with different temperature levels will be present in the network. On the other hand, some 

consumers will supply thermal energy into the system - unidirectional network must turn to a 

bidirectional network. The heat should be produced when it is available, but the system must 

always cover the demand, so the network must be fitted with heat storage technologies. In order 

for this complex system to work, and to operate with maximum efficiency, it is necessary for the 

existing thermal grids to undergo major changes: to become "smart". This is how the concept of 

"smart thermal grids" was born. 

Experts are already talking about the smart energy systems of the future, based on integrated 

electric-heat-gas solutions, consisting in the integration of electrical, thermal and gas smart grids, 

in order to ensure maximum energy efficiency and overall maximum efficiency of energy 

production, transport, distribution and use. 

II National context: district heating systems 

According to the first draft of the "Energy Strategy of Romania 2016-2030 with the perspective of 

2050", submitted for public enquiry, "From a total of approximately 7.5 million permanently 

occupied dwellings, 1.25 million are heated by district heating systems. [90] 

The new Energy Strategy states that reaching the targets for thermal rehabilitation of buildings in 

the cities heated by district heating systems will cause a considerable decrease of the heat 

demand. For this reason, the rehabilitation of the thermal grids and the sizing of the heat sources 

must be correlated with the evolution of the heat demand. 

According to the Strategy for mobilizing investments for the renovation of residential and 

commercial buildings, both public and private, existing at national level, "energy consumption in 

the buildings sector (housing, tertiary sector, including public buildings) represents 45% of total 

energy consumption". [91] The 2014-2020 Regional Operational Program states that "the 

potential for savings in buildings is significant by deep renovations, of about 40-50% for public 

buildings, and of more than 40% for residential buildings, with differences from one climate zone 

to another". In this context, the subject of this paper goes further into the energy efficiency chain, 

aiming at improving the energy efficiency of district heating systems supplying renovated 

buildings by reducing the temperature of the heat carrier. 

III Modeling of heat transfer processes and transport of heat carriers. Dynamic thermal 
behavior of consumers 

III.1. Adjustment of heat supply 

III.1.1 Concept 

The adjustment of heat supply is the set of measures and operations aimed at modifying the 

amount of heat delivered to the consumers so that it is as close as possible to their actual needs. 

Heat supply adjustment is a complex process, involving measures that are taken in the heat 



5 

generation plant (central, primary control), thermal substation (secomndary control) and consumer 

(tertiary, local) control. 

In large district heating systems, the adjustment of heat supply is a complex multi-level process, 

since the multiple aspects to be considered can not be solved by a single adjustment process. 

III.1.2 Methods of adjustment of heat supply 

The adjustment of heat supply in district heating systems can be carried out in three ways: by 

temperature cotrol, by flow control or by mixed (flow and temperature) control. 

The adjustment of heat supply by temperature control is performed by modifying the temperature 

of the heat carrier in the supply and return pipes, maintaining a constant flow of the heat carrier 

delivered into the system. 

The adjustment of heat supply by flow control is based on maintaining a constant temperature on 

the supply pipe and modifying the flow of the heat carrier delivered to the system. 

Mixed (flow and temperature) control of heat supply consists in the continuous or stepwise 

variation of both the flow rate and the temperature of the heat carrier. Mixed control is the most 

flexible solution for adjusting to any general and local variation in heat demand of buildings 

supplied by large district heating systems. [93] 

III.1.3 Heat supply adjustment curves 

Heat supply adjustment curves are established to determine the operating mode of the heat 

generation plant, thermal substations and heating systems in buildings. Constant flow operation 

curves represent the dependence to be achieved between the temperature of the heat carrier and 

the climatic parameters. [95] 

A building is connected to a district heating system consisting of a heat source, a heat 

transportation network, thermal substations and heat distribution networks. 

The heat demand for heating the building in design conditions is as follows 

)( 000 ei ttHQ 


         (III.1) 

In design conditions, the thermal balance of the central heating system is written in the form: 

  00000 mlrt tSkttcGQ 


  [96]     (III.2) 

The logarithmic mean temperature difference between the heat carrier in the distribution system 

(circulated through the radiators) and the indoor air in the heated rooms is calculated using the 

formula: 
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Figure III.1 The heat exchange in the radiators (between the heat carrier and the 
indoor air) 

Relationships (II.2) and (II.3) result in: 
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We note with E: 
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Thus, the relationship between the temperature of the heat carrier in the flow pipe and 

temperature of the heat carrier in the return pipe of the distribution system becomes: 

  01 itr tEtEt          (III.6) 

Replacing (III.6) in (III.2), we get: 

     0000 1 itrt ttEcGttcGQ 


     (III.7) 

From (III.1) and (III.7) we obtain the formulas for the temperature variation of the heat carrier in 

the supply and return pipes of the distribution network in the case of constant flow operation 

(temperature control heat adjustment): 
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The outdoor calculation temperature te0, corresponding to the design conditions, correlates with 

the design (maximum) temperature of the heat carrier on the supply pipe tt0. For design 

conditions, formulas (III.1) and (III.7) result in: 

     00000 1 eiit ttHttEcG         (III.10) 
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Therefore: 
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By introducing (III.11) in relations (III.8) and (III.9), we get the formulas for the variation of the 

temperature in the flow and return pipes of the distribution network (tt0 and tr0) as a function of the 

indoor temperature ti0 and the outdoor calculation temperature te0, in the case of constant flow 

operation (temperature control heat adjustment): 
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In determining the relationships used to establish the temperature variation of the heat transfer 

agent on the flow and return pipes, we considered that the thermal module of the heating system 

E is constant and has a nominal value E0. In reality, by definition, the thermal module of the 

heating system E depends on the number of heat transfer units (NTU): 
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We considered it to be constant and equal to the nominal value NTU0. NTU is defined as a 

function of k (global heat transfer coefficient), which was considered constant and equal to the 

nominal value k0. 
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In fact, k is not constant and depends (by the convective heat transfer coefficient) on the 

logarithmic mean temperature of the heat carrier. Therefore, the formulas for calculating the 

temperature of the heat carrier in the supply and return pipes should be corrected to consider this 

aspect. This is done by iterative calculation, which involves re-calculating the temperature values, 

while updating the value of the global heat transfer coefficient k. The iterative calculation is rapidly 

converging, resulting in final values after only 3-4 iterations. [97] 

In formulas (III.8) and (III.9) we multiply and divide both terms of the relation with (1-E0): 
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Formula (III.11) becomes: 
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For an outdoor temperature value te different from the design temperature te0, we calculate the 

temperatures of the heat carrier on the flow and return pipes, using the relationships determined 

above. Then we calculate the value of the logarithmic mean temperature difference tml. 

In the formula of the thermal module E (5), we multiply and divide by k0 and we get: 
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According to an experimentally established relationship: 
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In this way we determine the value of E, which we use to resume the calculation. We get new 

values for the return and return pipe temperatures tt and tr and for the logarithmic mean 

temperature difference tml. The calculation is resumed until close or identical values for tt and tr 

are obtained 

IV Thermal rehabilitation of buildings - energy consequences 

IV.1 The effectul of thermal rehabilitation of buildings 

The setting of the heat supply control curves is based on the premise underlying that the values 

of the heat transfer coefficients of the building elements are considered to be, in the current 

conditions, unchanged from the design values. This means that the heat supply adjustment 

graphs that are currently used in the operation of district heating systems were drawn up taking 

into account the heat demand of the buildings at the time they were built. Considering that, in 

recent years, a part of the buildings supplied by the district heating systems have been renovated, 

the values of the heat transfer coefficients through the building elements are significantly different, 

compared to the moment when these buildings were designed. 

If high-energy buildings would be supplied from district heating systems by separate branches 

from low energy buildings, the heat supply adjustment graphs should be corrected to take 

account of the reduction in the heat demand of these consumers. Assuming that the previous 

relationships were determined based on the nominal value of the global thermal insulation 

coefficient of the building (H0), and the actual value of this coefficient in the case of renovated 

buildings is H, relations (III.14) and (III. 15) can be written as: 
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From (III.11) we get: 
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If the building has not been renovated, the H/H0 ratio is equal to 1, the values of the temperature 

of the heat carrier on the flow and return pipes are those presented in Table IV.1 and the heat 

supply adjustment curve is that shown in Figure IV.1. 

If the building has been renovated, the values of the temperature of the heat carrier on the flow 

and return pipes must be recalculated using formulas (IV.3) and (IV.4) and the heat supply 

adjustment curves should be corrected according to the new temperature values. 

IV.2 Functional and energy analysis 

In this paper, the case of a building with a rated heat load of 1 MW located in the climatic zone 2 

(outdoor design temperature -15°C) was considered. Several degrees of building renovation have 

been studied (H/H0=0,8; H/H0=0,6; H/H0=0,4). 

Using the formulas presented above, the heat flow transmitted by the heating system to the 

heated space were calculated, assuming that it is equal to the heat losses from the heated space 

to the outdoor environment. For this purpose, the temperatures of the heat carrier and the indoor 

temperature in the heated space were determined. 

The reduction of annual energy consumption was analyzed as a result of the two types of 

measures presented above, namely: 

- thermal rehabilitation of buildings (by reducing the global thermal insulation coefficient of 

the building, H) 

- adjustment of the temperature of the primary and secondary heat carriers to the new heat 

demand of the renovated building, depending on the degree of rehabilitation. 

The first case analysed was that of the building before renovation; the temperature of the heat 

carrier is in accordance with the heat supply diagram established at the design stage.  

The second case was that of the renovated building supplied with a heat carrier having a 

temperature corresponding to the unrenovated building (the current situation of all renovated 

buildings supplied by DHS in Romania). 

The third analised case was that of the low-energy building supplied with a heat carrier having the 

temperature adjusted to the new heat demand, in order to maintain a standard indoor 
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temperature of 20°C in the building. A new heat supply graph was developed based on the newly 

determined supply and return temperatures of the heat carrier. To this end, the flow and return 

temperatures of the heat carrier that ensure this indoor temperature were determined and a new 

heat supply curve was established for the renovated building (the corrected heat supply graph), 

depending on the degree of thermal rehabilitation. 

For a building with a rated heat load of 1 MW, the thermal rehabilitation of the building, coupled 

with low temperature heat supply, leads to significant energy consumption reductions, of about 

20% for H/H0 = 0.8, 40% for H/H0 = 0.6 and 60% for H/H0 = 0.4. These benefits can be obtained 

with minimal investment effort. For a better emphasis of the reduction of energy consumption, the 

graphs representing the energy consumption of the building in the three analyzed situations were 

developed, for three degrees of thermal rehabilitation: H/H0 = 0,4, H/H0 = 0, 6 and H/H0 = 0.8 

(Figure IV.11). 

 

Figure IV.11 Annual heat consumption for heating in the three analized cases [100] 

Figure IV.11 shows the reduction of annual heating energy consumption for heating in a building 

with a rated heat load of 1 MW in the case of the thermal rehabilitation of the building and in the 

case of the thermal rehabilitation of the building accompanied by the correction of the heat supply 

adjustment graph. Different degrees of thermal renovation (H/H0 = 0.4, H/H0 = 0.6 and H/H0 = 0.8) 

were presented distinctly in the chart. 

Figure IV.12 illustrates the annual heat savings for heating of the building in a building with a 

rated heat load of 1 MW in the case of the thermal rehabilitation of the building and in the case of 

the thermal rehabilitation of the building accompanied by the correction of the heat supply 

adjustment graph. Different degrees of thermal renovation (H/H0 = 0.4, H/H0 = 0.6 and H/H0 = 0.8) 

were presented distinctly in the chart. 
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Figure IV.12  Annual heat savings for heating of the building in the three analized cases [100] 

 

V The influence of the heat carrier temperature on the energy performance of district 
heating systems 

An analysis on the influence of reducing the temperatures of the heat carrier on the efficiency of 

district heating systems has been carried out in this paper, 

The following formulas were used in order to evaluate the efficiency of a centralized heating 

system [102]: 
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Table V.2 and Figure V.1 show the values of the efficiency of a distribution system for different 

values of the design temperatures of the heat carrier: 
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Table V.2 The efficiency of a distribution system for different values of the design 
temperatures of the heat carrier 

tt [°C] tr [°C] ti [°C] EC [-] ER [-] SD [-] 

90,0 70,0 20 0,714 0,98 0,89 

80,0 60,0 20 0,667 0,98 0,91 

70,0 50,0 20 0,600 0,98 0,93 

60,0 40,0 20 0,500 0,98 0,94 

50,0 30,0 20 0,333 0,98 0,96 

 

 

Figure V.1 The variation of the thermal module of the heating system and of the heating network 
and the efficiency of the distribution system, depending on the design  temperatures of the heat 
carrier  

Table V.2 shows that the efficiency of a distribution system is the higher the nominal temperatures 

of the heat carrier are lower. 

Another analysis is aimed at determining the efficiency of heating systems when a temperature 

difference other than the 20°C (at which the existing systems are designed) is adopted for the 

heat carrier between flow and return pipes in the distribution system. This study was carried out 

considering that a temperature difference of 30°C could facilitate the introduction of the low 

temperature solution in some district heating systems. 

Table V.3 The efficiency of a heat distribution system for different values of the design 
temperature of the heat carrier, for a temperature range of 30°C 

tt [°C] tr [°C] ti [°C] EC [-] ER [-]  SD [-] 

90,0 60,0 20 0,571 0,97 0,90 

80,0 50,0 20 0,500 0,97 0,92 

70,0 40,0 20 0,400 0,97 0,93 

60,0 30,0 20 0,250 0,97 0,95 

50,0 20,0 20 0,000 0,97 0,97 
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The efficiency of the distribution system is better in case of a higher temperature difference, 

irrespective of the design temperature of the heat carrier on the supply pipe. 

VI Experimental research within district heating systems. Calibration and validation of 
theoretical models of simulation of behavior in operation of district heating systems  

The experimental part of this paper aimed to evaluate the thermal module of an existing 

distribution system on an experimental basis. The purpose was to calibrate and validate the 

theoretical model used to determine the equivalent thermal module of a distribution system 

(formula VI.1): 

s

sm
ech tt

tt
E





0

          (VI.1) 

where  

- tm  is the average temperature of the heat carrier at the consumers supplied; 

- t0 is the temperature of the heat carrier leaving the thermal substation; 

- ts is the ambient temperature in the duct where the pipes are installed or the soil 

temperature for the preinsulated pipes installed directly in the ground. 

This analysis was performed for the flow pipe of the distribution system. 

In the present paper, an experimental procedure for the thermal insulation of the existing thermal 

network was identified. Determining the quality of the thermal insulation is useful in assessing the 

energy performance of the pipeline network. The analysis was carried out by the theoretical and 

experimental evaluation of the thermal module of a distribution network whose layout and 

geometry is known. The analysis is aimed at the validation of the theoretical model of the system 

behavior in the current operating regime. Knowing the real degree of thermal insulation of the 

studied network, it was possible to compare and validate the theoretical model. To this end, the 

modeling of some particular branches of the distribution systems of two thermal substations in 

Bucharest has been carried out.  

VI.1 Case study 

The branch of the distribution system feeds 3 apartment buildings: building A having 7 entrances, 

block B having 6 entrances, and block C having 5 entrances. The heat distribution system that 

supplies the three buildimgs consists of pre-insulated pipes buried directly in the ground. The 

connection to each building is fitted with a heat meter. but the distribution pipes in the buildings 

are installed in the basement of each building. Only the distribution network outside the building 

was included in the analysis. 
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ND 200
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Figure VI.1 The branch of the distribution network analysed theoretically and experimentally 
(case I) 

 

Firstly, the heat supply of the consumer has been analyzed theoretically. The data provided by 

the system operator was then included in the calculation, the comparison was made and the 

conclusions were drawn. 

The physical and thermal characteristics of the pipe sections belonging to the studied branch of 

the distribution system are presented in Table VI.1. 

The thermal resistances of the sections were calculated with formula (VI.2) [104]. 
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 (VI.2) 

The measured flow rates of the three consumers were used in the calculation; the theoretical 

thermal resistances and the thermal modules of the pipe sections were determined. 

Then the theoretical temperature of the heat carrier was calculated for the three consumers 

supplied from the branch (buildings A, B and C), assuming that the temperature of the heat carrier 

leaving the thermal substation is 60 ° C (design temperature). 

The following formulas were used to determine the temperature of the heat carrier entering the 

three buildings [105]: 

SC tEEEtEEEt  )1( 3210321       (VI.3) 

SB tEEEtEEEt  )1( 4210421       (VI.4) 

SA tEEtEEt  )1( 51051        (VI.5) 
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Further, the heat supply of the furthest consumer from the source (building C) was analyzed; the 

pipeline consists of sections 1, 2 and 3. Theoretical values of the respective thermal resistances 

of the analyzed sections were checked with the following formula [106]: 
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  (VI.6)  

where the significance of the two flow indices is the following: the first index is related to the 

section and the second index is related to the experiment. 

The calculation resulted in the following values of the thermal resistances of the three sections: 

R1= 1,9287 mK/W 

R2= 1,9287 mK/W 

R3= 2,5323 mK/W 

 

The calculation resulted in the same values of thermal resistance as those calculated based on 

the physical characteristics of the pipeline. 

The equivalent thermal module of the distribution branch supplying the three consumers was 

determined based on formulas (VI.7) and (VI.8) [105]: 

For parallel pipe sections:   
ji

jjiip
ij GG

EGEG
E




   (VI.7) 

For serial pipe sections:   ji
s
ij EEE      (VI.8) 

Table VI.3 The equivalent thermal module of the distribution branch în the three scenarios (case 
I) 

(1) (2) (3) 

E34 0,998824 0,998597 0,998597 

E234 0,998818 0,998589 0,998589 

E2345 0,999201 0,999041 0,999037 

E12345 0,999036 0,998842 0,998837 

Based on the calculated temperatures of the heat carrier on the flow pipe at the entrance to the 

internal distribution system of the consumers (tA, tB and tC), the average temperature tm for each 

case and the equivalent thermal module of the analysed distribution network were determined, 

using formula (VI.1): 

-1 
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Table VI.4 Values of the thermal modules determined based on the calculated temperatues (case 
I) 

tC [°C] tB [°C] tA [°C] tm [°C] Eech [-] 

59,919742 59,986447 59,985460 59,9614 0,999036 

59,905205 59,983621 59,982433 59,9537 0,998842 

59,905416 59,983550 59,982291 59,9535 0,998837 

By comparing the respective values, we see that the equivalent thermal module of the distribution 

network determined based on the average temperatures of the heat carrier entering the three 

buildings is equal to the equivalent thermal module of the distribution network determined by 

calculation, based on formulas (VI.7) and (VI.8). 

Conclusion 

For a thermal distribution network whose constructive characteristics are known, we can 

determine by calculation the design equivalent thermal module of the network and, by measuring 

the temperature of the heat carrier at the heat source and at the ends of the network (at the 

consumers), it is possible to determine the real (actual) equivalent thermal module of the thermal 

network. By comparing the two values, one can appreciate the degree of degradation of the 

insulation and the actual efficiency of the distribution network. 

For this purpose, the same analysis was performed based on the actual flows and temperatures  

of the heat carrier, measured at the entrances of the buildings, and the actual thermal resistances 

and the actual thermal modules of the pipe sections were calculated. 

From the data provided by the system operator, the flows and temperatures measured in three 

different cases were selected. They were registered in January 2017, when the temperature on 

the flow pipe of the distribution network at the outlet of the thermal substation had the same 

value: 58.9°C (January 20, January 30, January 31). 

The values of the thermal modules calculated based on the actual measured and recorded 

temperatures are different from the theoretical ones and are presented in Table VI.6. 

Tablel VI.6 The values of the thermal modules calculated based on the actual measured 
temperatures 

(case I) 

tC [°C] tB [°C] tA [°C] tm [°C] Eech [-] 

57,2 56,3 56,4 56,67 0,942709 

57,1 56,1 56,3 56,55 0,939675 

57,2 56,2 56,3 56,62 0,941317 

 

By comparing the corresponding value sets, it is noted that the distribution network formed by 

pipe sections 1, 2 and 3 has low thermal resistances, and there is significant heat loss between 

the thermal substation and the consumers. 
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Knowing the thermal module of the flow pipe of the network can lead to the determination of a 

number of thermal units associated with the flow pipe of the network and an average thermal 

resistance of the flow pipe of the network, which can lead to the determination of the general state 

of the flow pipe of the branch of the distribution network. These data are not, however, sufficient 

to determine the status of the thermal insulation of each network section. For this purpose, the 

relationship (VI.6) can be used to determine the actual thermal resistances of each pipe section 

that supplies building C. The actual values of the thermal resistance of the three sections are as 

follows: 

R1= 0,0008 mK/W 

R2= 0,0001 mK/W 

R3= 0,0223 mK/W 

 

It can be concluded that the actual values of the thermal resistances for all three sections are very 

low, which means that the insulation of the pipes is impregnated with water and no longer has the 

properties necessary to keep the heat losses at the standard values. 

VII Energy savings achieved by thermal rehabilitation of the building envelope as a 
function of the degree of thermal rehabilitation  

 

Thermal rehabilitation of buildings aims to reduce the heat loss through the building elements, 

resulting in a significant reduction in heat demand for heating the building. Using a heat carrier 

having the same temperature as before the renovation for these consumers leads to a decrease 

in the efficiency of the district heating system by increasing energy losses. This paper presents 

the assessment of energy savings as a result of applying the first two measures of increasing the 

efficiency of district heating systems (thermal rehabilitation of buildings and using low temperature 

heat carrier for low energy buildings). The two types of measures are not independent, as the 

delivery temperature of the heat carrier depends on the level of thermal rehabilitation. 

In order to assess the energy consumption, the formulas associated with the heat supply curves 

for constant flow rates have been used: [97]  
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Using the formulas above, the heat flows transmitted by the heating system to the heated space 

were calculated, assuming that they are equal to the heat losses from the heated space to the 

outdoor environment. The temperatures of the heat carrier and the indoor temperature have 

been determined. 

The reduction of the annual heating energy consumption was analyzed as a result of the two 

types of measures presented above, namely: 

- the implementation of energy efficiency measures in the building (by reducing the thermal 

coupling coefficient of the building envelope, H) 

- the adjustment of the temperature of the heat carrier to the new heat demand of the 

building, according to the degree of renovation. 

The first case analysed was that of the building before renovation; the temperature of the heat 

carrier is in accordance with the heat supply diagram established at the design stage. The typical 

design temperatures for the primary (transport) the secondary (distribution) networks were 

considered: tT0/tR0 = 150/80°C, tT0/tR0 = 90/70°C. 

The second case was that of the renovated building supplied with a heat carrier having a 

temperature corresponding to the unrenovated building (according to the heat supply curves 

determined at the design stage) - heat carrier used for the heating of the other unrenovated 

buildings supplied by the same DHS (the current situation of all renovated buildings supplied by 

DHS in Romania). Several degrees of building renovation have been studied (H/H0=0,8; 

H/H0=0,6; H/H0=0,4). 

The third analised case was that of the low-energy building supplied with a heat carrier having the 

temperature adjusted to the new heat demand. In order to maintain a standard indoor 

temperature of 20°C in the building. A new heat supply graph was developed based on the newly 

determined supply and return temperatures of the heat carrier. To this end, the flow and return 

temperatures of the heat carrier that ensure this indoor temperature were determined and a new 

heat supply curve was established for the renovated building (the corrected heat supply graph), 

depending on the degree of thermal rehabilitation: 

Figure 1 is a graphical representation of the energy savings of the building characterized by a 

rated heat load of 1 MW in the climatic zone 2. The energy consumption reductions due to the 

thermal rehabilitation of the building, the energy consumption reductions due to the use of a low 
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temperature heat carrier , as well as the cumulative effect of both measures, were represented in 

the chart. In the figure below, the R1 curve represents the percentage reduction in energy 

consumption due to building renovation, R2 represents the percentage reduction in energy 

consumption due to adjusting the temperature of the heat carrier to the new heat demand of the 

rehabilitated building, and R12 represents the percentage reduction in energy consumption due to 

the cumulative effect of both the thermal rehabilitation and the use of a low temperature heat 

carrier. The energy consumption reductions were plotted according to the degrees of building 

renovation. 

 

Figure VII.1 Reduction of the building energy consumption as a result of the thermal rehabilitation 
of the building and as a result of adjusting the temperature of the heat carrier to the new heat 

demand of the rehabilitated building, corresponding to the degree of building renovation 

The chart illustrates that the reduction of energy consumption as a result of the thermal 

rehabilitation and the supply of a lower temperature heat carrier, corresponding to the degree of 

thermal renovation,  lead to significant energy consumption reductions of about 20% for H/H0 = 

0.8, about 40% for H/H0 = 0.6 and about 60% for H/H0 = 0.4. 

Figure VII.1 shows that for a degree of building renovation H/H0>0.55, R2>R1, hence the 

adjustment of the heat supply curve has a more significant weight in the percentage reduction of 

the energy consumption than the thermal rehabilitation of the of the building, and for a degree of 

thermal renovation H/H0<0.55, R1> R2, hence the weight of the two components is reversed and 

the thermal rehabilitation of the building prevails. 

VIII Energy savings due to the reduction of the temperature of the heat carrier in the 
distribution networks  

In this chapter, an analysis has been carried out on the effect of the reduction of temperatures of 

heat carriers on the heat losses in distribution networks. 

To this end, the modelling of a branch (part of a distribution system of a thermal substation) was 

carried out. The thermal substation and the assciated distribution network are part of the district 

heating system in Bucharest.  
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The same thermal substation in Berceni district as in chapter VI was selected for analysis and 

data provided by RADET Bucharest were used. 

The measured flow rates on the supply line to each of the three consumers were used in the 

calculation. 

The following formulas were used to assess the heat losses of the distribution network: 

solmlp tL
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e

iz

izi

e

ţii D

D

D

D

D
R ln

2

1
ln

2

11












     (VIII.2) 

The theoretical heat losses of the sections of the distribution network were determined for two 

situations: 

 feeding the consumers with a heat carrier having a temperature corresponding to the 

uncorrected heat supply curve (unrenovated buildings) 

 feeding the consumers with a heat carrier having a temperature corresponding to the 

corrected heat supply curve (renovated buildings) (H/H0=0,6 case). 

It can be noticed that, during a heating season, the heat losses of the distribution network are 

reduced by 31.6% if the renovated buildings are fed with a heat carrier having a temperature 

corresponding to the corrected heat supply curve, compared to the situation when they are fed 

with a heat carrier having a temperature corresponding to the uncorrected heat supply curve. 
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Table VIII.2 Heat losses of the distribution network when consumers are supplied with a heat carrier having a temperature 
corresponding to the uncorrected heat supply curve (unrenovated buildings) 

No.
of 

days
te

(°C)
ttB

(°C)
trB

(°C)
Qp1

(kW)
Qp2

(kW)
Qp3

(kW)
Qp4

(kW)
Qp5

(kW)
Qt

(kW)
Qp1

(kW)
Qp2

(kW)
Qp3

(kW)
Qp4

(kW)
Qp5

(kW)
Qr

(kW)
Qtot
(kW)

Qp
(MWh)

2 -15 90,0 70,0 1,49 0,04 6,07 0,36 0,69 8,65 1,06 0,03 4,35 0,26 0,49 6,19 14,84 0,7
11 -10 81,8 64,7 1,31 0,03 5,37 0,32 0,61 7,64 0,95 0,02 3,89 0,23 0,44 5,53 13,17 3,5
32 -5 73,4 59,1 1,14 0,03 4,63 0,27 0,53 6,60 0,83 0,02 3,41 0,20 0,39 4,84 11,44 8,8
60 0 64,6 53,2 0,95 0,02 3,87 0,23 0,44 5,52 0,71 0,02 2,89 0,17 0,33 4,11 9,63 13,9
53 5 55,5 46,9 0,75 0,02 3,08 0,18 0,35 4,38 0,57 0,01 2,34 0,14 0,27 3,33 7,71 9,8
24 10 45,7 39,9 0,55 0,01 2,23 0,13 0,25 3,17 0,42 0,01 1,74 0,10 0,20 2,47 5,64 3,2

35,95 26,49 62,44 39,9

Supply Return

 

 

Table VIII.3 Heat losses of the distribution network when consumers are supplied with a heat carrier having a temperature 
corresponding to the corrected heat supply curve (renovated buildings) 

No.
of 

days
te

(°C)
ttB

(°C)
trB

(°C)
Qp1

(kW)
Qp2

(kW)
Qp3

(kW)
Qp4

(kW)
Qp5

(kW)
Qt

(kW)
Qp1

(kW)
Qp2

(kW)
Qp3

(kW)
Qp4

(kW)
Qp5

(kW)
Qr

(kW)
Qtot
(kW)

Qp
(MWh)

2 -15 66,4 54,4 0,99 0,02 4,03 0,24 0,46 5,74 0,73 0,02 3,00 0,18 0,34 4,26 10,00 0,5
11 -10 61,0 50,7 0,87 0,02 3,56 0,21 0,40 5,07 0,65 0,02 2,68 0,16 0,30 3,81 8,88 2,3
32 -5 55,5 46,9 0,75 0,02 3,08 0,18 0,35 4,38 0,57 0,01 2,34 0,14 0,27 3,33 7,71 5,9
60 0 49,7 42,8 0,63 0,02 2,57 0,15 0,29 3,67 0,49 0,01 1,99 0,12 0,23 2,83 6,49 9,4
53 5 43,6 38,4 0,50 0,01 2,05 0,12 0,23 2,91 0,39 0,01 1,61 0,09 0,18 2,29 5,20 6,6
24 10 37,1 33,7 0,43 0,01 2,05 0,10 0,20 2,79 0,29 0,01 1,19 0,07 0,13 1,69 4,48 2,6

24,56 18,21 42,77 27,3

Supply Return
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IX Case study: Assessing the reduction of heat losses related to a consumer by lowering the 
temperature of the heat carrier 

We analize the building studied in the previous chapters, a building located in the climatic zone 2, 

having a 1 MW hourly energy consumption at the outdoor design temperature of -15 ° C. 

1) First we consider the unrenovated building. 

2) We consider the current solution applied in Romania in building renovation projects: the 

application of 10 cm of polystyrene on the opaque parts of the building envelope and the 

complete replacement of wooden windows with airtight windows with thermo-insulating glass. 

From the calculation example in Chapter VII, these characteristics result in a H/H0 ratio of 

0.4.  

3) We consider that the temperature of the heat carrier supplied to the consumer corresponds to 

the new heat demand resulted from the renovation of the building, as derived from the 

calculations made in Chapter IV. 

We therefore analyze three distinct situations for that building; each of these situations corresponds 

to a certain heat consumption Qc, a certain global thermal insulation coefficient of the building H, a 

certain pair of design temperature (supply-return values) of the heat adjustment graph tt/tr and a 

certain amount of thermal energy Qsource required to be supplied from the heat source (thermal 

substation) to ensure the energy consumption Qc. 

QC H tt/tr Qsource 

1. Unrenovated building QC0 H0 tt0/tr0 Qsource0 
2. Renovated building + uncorrected heat 
adjustment curve QC2 H tt0/tr'' Qsource2 
3. Renovated building + corrected heat adjustment 
curve QC3 H tt/tr Qsource3 

This calculation example aims at highlighting the reduction of the heat consumption Qc and the 

power required to be delivered by the heat source Qsource in the three mentioned scenarios as a 

result of: 

a) the renovation of the building envelope, i.e. the excess area of the radiators; 

b) the reduction of the heat losses in heat distribution networks. For this purpose, the heat 

losses in the distribution networks associated with the renovated consumer were determined 

separately. 

In order to determine the heat losses in the distribution networks, the formulas given in Chapter V 

have been used: 
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For the conventional design indoor temperature of 20°C, considering that the thermal module of 

distribution networks (ER) is constant and equal to 0.98 (value corresponding to thermal networks in 

a state of average wear in an area with high linear heat density) and for different values of the 

design temperatures in the heat supply adjustment graph, the values of the efficiency of the 

distribution system are listed in the following table:: 

Table IX.1 The efficiency of the distribution system for different values 
of the design temperatures in the heat supply adjustment graph 

tt0 (
oC) 90 70 50 85 65 45 

tr0 (
oC) 70 50 30 75 55 35 

ER (-) 0,98 0,98 0,98 0,98 0,98 0,98 

EC (-) 0,71 0,60 0,33 0,85 0,78 0,60 
SD (-) 0,89 0,93 0,96 0,80 0,86 0,93 

 

But the efficiency of the district heatong system is also: 

sursa

C

Q

Q
  (V.1) therefore  


C

sursa

Q
Q   

For the building with an hourly energy consumption of 1 MW, at the outdoor design temperature of 

-15 °C and the analyzed renovation case (H/H0 = 0,4), the following data rezult from calculation: 

Table IX.2 The heat consumption and the thermal power delivered 
by the heat source for the considered building 

H/H0=0,4 
         

 

QC 
(MWh) 

tt 
(°C) 

tr 
(°C) 

ti 
(°C) 

ER 
(-) 

EC 
(-) 

SD 
(-) 

Qsource 
(MWh) 

Qp 

(MWh) 
1 2.356 90 70 20 0,98 0,71 0,89 2.642 286 
2 1.546 90 77,2 41,1 0,98 0,74 0,88 1.753 208 
3 942 53,6 45,6 20 0,98 0,76 0,87 1.083 141 

In Table IX.2, Qp represents the heat losses in the thermal network corresponding to the renovated 

building. 

Table IX.3 presents (as a percentage) the power consumed at the building level, respectively the 

heat losses in the network, compared to the power delivered by the heat source prior to building 

renovation, for each of the analyzed scenarios. 
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Table IX.3 The power consumed at the building level and the heat losses in the network, in relation 
to the power delivered by the source prior to building renovation 

Putere consumată 
(%) 

Pierderi reţea 
(%) 

1 0,89 0,11 
2 0,59 0,08 
3 0,36 0,05 

 

Representing graphically the reduction of the consumed thermal power Qc and the power required to 

be delivered by the heat source Qsursă in the three mentioned situations, we get: 

 

Figure IX.1 The consumed thermal power and the heat losses in the distribution network associated 
with the building, in the three analyzed scenarios  

In the figure above, the system types are those specified above, respectively: 

1. Unrenovated building 

2. Renovated building + uncorrected heat adjustment curve 

3. Renovated building + corrected heat adjustment curve 

X Analysis of the consumer connection schemes in order to supply low temperature heat 

carrier to renovated buildings 

Since district heating systems in Romania supply both renovated and unrenovated buildings, these 

systems must continue to operate by the current heat supply adjustment curves (corresponding to 

the unrenovated buildings). In order to supply low energy buildings with a low-temperature heat 

carrier, we propose a connection scheme whereby the heat supply of energy-efficient buildings is 

carried out mainly from the return pipe of the system, and only if the temperature of the heat carrier 

on the return pipe is insufficient, the required flow will be taken over from the supply pipe. The 

Reduction of the consumed 
thermal power (%) 

Heat losses (%) 

Power consumed (%) 

System type 
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adjustment will be made by means of a three-way, electrically driven mixing control valve, adjusting 

the temperature of the heat carrier supplied to the renovated building according to the heat supply 

curve corrected for the energy-efficient buildings. The proposed configuration is based on that 

presented in „Low temperature networks: Concept, demonstration and guideline” presentation at 

DHC+ 2nd International Research Conference, 5-6 november 2013 [16] 
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Figure 3 Connection scheme for energy-efficient buildings 

This paper explores the possibility of connecting low-energy buildings to existing district heating 

systems in several scenarios, covering all the possibilities that may arise in practice today and in the 

future. Three possible scenarios have been identified: 

a. The thermal substation supplies only energy efficient buildings 

b. A branch of the thermal substation supplies only energy efficient buildings 

c. The thermal substation supplies both low and high energy buildings. 

The solutions corresponding to each of the scenarios are analyzed below. 

a. Scenario (a): The thermal substation supplies only energy efficient buildings 

This scenario analyses the way thermal substations feeding only low-energy buildings can supply 

low-temperature heat carrier to consumers. Low-energy buildings include both renovated buildings 

and new buildings, built in accordance with the new regulations for energy-efficiency in buildings. 

In order to supply consumers with a low temperature heat carrier, according to the corrected heat 

supply adjustment curve, the most convenient solution would be to use the scheme shown in Figure 

3 at the point of connection of the thermal substation to the heat transportation system (primary 

network), in order to supply the thermal substation with a primary heat carrier in compliance with the 

corrected heat adjustment curve for renovated buildings. This would make it possible to additionally 

increase the efficiency of the district heating system by reducing the heat losses in the transportation 

network representing the connection to that thermal substation. However, this solution has not been 

proposed in this paper for several reasons: 

- the connection point is a point on the route where there is at most one connection chamber; 

the installation of the control valve requires space, as well as power supply. Transmitting 

information from the controller in the thermal substation or from another controller to the 
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control valve can be done by wire, internet or GSM, all requiring equipment and materials, 

which are additional costs. On the other hand, in the thermal substation there is space, power 

supply, and it is necessary only to reprogram the controller by entering the data 

corresponding to the new heat supply adjustment curve. 

- feeding the thermal substation with a heat carrier of a temperature different from the one it 

was designed for requires a thorough analysis of the capacity of heat exchangers to produce 

domestic hot water at the temperature provided by the norms (60°C). This analysis should be 

performed at the level of the whole district heating system, so that, when all the buildings 

supplied by the thermal substation will be energy-efficient, it can operate with low 

temperature heat carrier. 

In the first scenario (a), several connection schemes of thermal substations to district heating 

systems were analyzed, and the most common were selected for analysis below. 

 Indirect connection of the heating systems and the preparation of domestic hot water in two 

stages, in series with the heating system. Both situations occuring in the operation of the 

district heating systems were analyzed: constant flow operation (temperature control) and 

variable flow operation (mixed control). 

 Indirect connection of the heating system and domestic hot water preparation in one stage in 

parallel with the heating system. Both situations occuring in the operation of the district 

heating systems were analyzed: constant flow operation (temperature control) and variable 

flow operation (mixed control). 

 Indirect connection of the heating system and domestric hot water preparation in one stage in 

series with the heating system, with flow injection and storage system. Both situations 

occuring in the operation of the district heating systems were analyzed: constant flow 

operation (temperature control) and variable flow operation (mixed control). 

In the case of constant flow operation, no additional equipment is required. The solution consists in 

reprogramming the existing electronic controller to enter the temperatures of the corrected heat 

supply adjustment curve. The existing three-way control valve will continue to operate in the same 

way: only the flow required to prepare the heat carrier at the set temperature for the energy efficient 

buildings will be circulated through the heat exchanger from the high-temperature primary network, 

depending on the outdoor temperature. The electronic controller compares the temperature in the 

corrected heat supply curve corresponding to the outdoor temperature to the temperature on the flow 

(supply) pipe of the distribution system. If the temperature of the heat carrier is higher than the one 

provided in the corrected heat supply curve, the controller commands the reduction of the flow 

through the heat exchanger and the increase of the flow on the bypass pipe to the return pipe of the 

primary network. If the temperature of the heat carrier is lower than that provided in the corrected 

heat supply curve, the controller commands the increase of the flow through the heat exchanger and 

the reduction of the flow on the bypass pipe to the return pipe of the transportation network. 



27 

The introduction of new equipment is also not required for variable flow operation. The solution is the 

same: reprogramming the existing electronic controller by introducing the corrected heat supply 

adjustment curve. The two-way control valve will have the same function, allowing the circulation 

through the heat exchanger of the exact flow required to prepare the heat carrier at the set 

temperature for the energy efficient buildings, depending on the outdoor temperature. The electronic 

controller compares the temperature in the corrected heat supply curve corresponding to the outdoor 

temperature to the temperature on the flow (supply) pipe of the distribution system. If the 

temperature of the heat carrier is higher than the one provided in the corrected heat supply curve, 

the controller commands the reduction of the flow through the heat exchanger. If the temperature of 

the heat carrier is lower than that provided in the corrected heat supply curve, the controller 

commands the increase of the flow through the heat exchanger. 

It can be concluded that the proposed solutions do not require new investments in 

equipment and materials, the only necessary costs being related to the development of 

studies to establish the new heat supply adjustment charts, depending on the degree of 

thermal rehabilitation of the buildings, and the reprogramming of the electronic controller for 

entering the appropriate data. 

It is obvious that the degree of rehabilitation of the buildings is different and it is possible that the 

heat demand of the buildings supplied from the same thermal substation could not be ensured with 

heat carriers of the same temperature. In this situation, it is necessary for the operator of the district 

heating system to carry out certain studies to determine in each case the temperature of the heat 

carrier that can meet the heat demand of the consumers. For maximum efficiency of the system 

operation, but also to ensure the optimum indoor temperature in each room, fitting the radiators with 

thermostatic valves is essential. 

b. Scenario (b): A branch of the thermal substation supplies only energy efficient buildings 

 For this scenario, the acquisition of a three-way valve that works as a mixing valve is 

necessary. It will be installed on the branch that supplies energy efficient buildings, at the 

output of the heating manifold. It is also necessary to purchase a temperature transducer to 

be installed on the branch supplying low-energy buildings. The three-way valve will mix part 

of the flow from the return pipe with the exact flow from the supply pipe in order to ensure the 

required thermal comfort (Figure X.14). 
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Figure X.14 Supplying low-temperature heat carrier to energy-efficient buildings in the case when 
they are supplied from the same branch of the distribution system - case 1 

The heat supply adjustment curves for the high energy buildings needs to be determined and 

entered into the electronic controller. The controller compares the temperature in the adjustment 

chart corresponding to the outdoor temperature to the temperature of the heat carrier suppling the 

low energy buildings. If the temperature of the heat carrier is higher than the one provided in the 

adjustment chart, the flow from the supply pipe is reduced and the flow from the return pipe is 

increased. If the temperature of the heat carrier is lower than the one provided in the adjustment 

chart, the flow from the return pipe is reduced and the flow from the supply pipe is increased. 

To low energy buildings From low energy buildings 

Manifold Manifold 



29 

Controller

ColectorDistribuitor

Y3

te

t t

De la blocurile reabilitate termicLa blocurile reabilitate termic

Pam

 

 

Figure X.15 Supplying low-temperature heat carrier to energy-efficient buildings in the case when 
they are supplied from the same branch of the distribution system - case 2 

To low energy buildings From low energy buildings 
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Figure X.16 Supplying low-temperature heat carrier to energy-efficient buildings in the case when 
they are supplied from the same branch of the distribution system - case 3 

c. Scenario (c): The thermal substation supplies both low and high energy buildings 

This situation is also the most difficult to solve in practice since the flow control should be performed 

at the point of connection of the consumer or even at the consumer, which is difficult to achieve 

because the flow control involves the existence or the installation of a controller. If the connection to 

an electronic controller in the neighborhood can be achieved, the scheme in Figure X.17. 

To low energy buildings From low energy buildings 

Manifold Manifold 
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Figure X.17 Supplying low-temperature heat carrier to one or more low-energy buildings in the case 
they are supplied from the same branch as high-energy buildings 

Another solution, which requires a higher investment cost, is to fit the energy efficient building with its 

own thermal substation. The equipment will be sized for low-temperature system operation. The 

solution requires a new connection to the heat transportation (primary) system and a thermal 

substation to prepare both the heat carrier andthe domestic hot water, or a connection to the heat 

distribution (secondary) system and a thermal substation to prepare only the heat carrier at the 

temperature required by the energy efficient buildings. This solution can also be adopted for a group 

of two or more renovated buildings located at a short distance from each other. On a case-by-case 

basis, a technical-economic analysis will be carried out, which will analyze several possible solutions 

and choose the most efficient one. 

If the low-energy building is already connected to the district heating system by its own thermal 

susbtation, one of the solutions described in Scenario (a) will be applied, depending on the 

connection scheme and the type of operation (constant flow, variable flow). 

XI Low temperature district heating. Increasing the heating surface. Energy and economic 
justification 

 

Another solution of supplying consumers with low temperature heat carriers is increasing the heating 

surface. Considering that the use of a low temperature heat carrier leads to the reduction of heat 

losses in the distribution networks, but implies an investment cost related to the increase of the 

To low energy building From low energy building 

From thermal substation To thermal substation 
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heating surface, an analysis was carried out to determine to what extent the reduction of the 

temperature of the heat carrier in district heating systems is cost effective. [107] 

Figure XI.1 shows graphically the dependence of Rt (the ratio of the design temperature differences) 

on the design temperature of the heat carrier entering the heating system. The lower the average 

design temperature of the heat carrier, the larger the heating surface has to be, in order to deliver 

the required heat flow to the heated space. 

 

 
Figure XI.1 Dependence of Rt (the ratio of the design temperature differences) on the design 

temperature of the heat carrier entering the heating system 

Three scenarios were considered for the sizing the heating surface at the consumer (90/70 – 1st 

scenario; 70/50 – 2nd scenario; 50/30 – 3rd scenario). 

The efficiency of the district heating system is: 
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The share of heat losses of the distribution network is the ratio between the thermal losses of the 

distribution network (P) and the output thermal power delivered to the consumer by the heating 

system (C): 
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Figure XI.2 The efficiency of the district heating system () as a function of the thermal 
module of the consumer’s heating system (EC) and the thermal module of the heat distribution 

system (ER) 

 

Figure XI.3 The share of heat losses of the distribution network () as a function of the 
thermal module of the consumer’s heating system (EC) and the thermal module of the heat 

distribution system (ER) 

 

If the sizing of the central heating system of the consumer is done for the design temperatures of the 

heat carrier of 90/70 °C, the efficiency of the district heating system is about 89%, and the heat 

losses of the heat distribution system are about 12%, If the sizing of the central heating system of 

the consumer is done for design temperatures of the heat carrier of 50/30 °C, the efficiency of the 

district heating system is about 96%, and the share of thermal losses related to the heat distribution 

system is 4%. These results are based on a heat distribution network with a thermal module ER = 

0.98. 

The heat flow representing the losses of the heat distribution system in the three scenarios is: 
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The energy savings throughout the cold season are: 
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Considering a consumer characterized by H = 1 W/K and a heating season characterized by the 

values in the table below, the following savings are achieved:   

Table XI.2 Savings achieved by reducing the design temperature of the heat carrier 

ti te Days Q Qp1 Qp2 Qp3 Qp1-Qp2 Econ(1-2) Qp1-Qp3 Econ(1-3)
(°C) (°C) - (kWh) (kWh) (kWh) Qp3 (kWh) (Euro) (kWh) (Euro)
20 -15 2 1,68
20 -10 11 7,92
20 -5 32 19,2
20 0 60 28,8
20 5 53 19,08
20 10 24 5,76

82,44 10,0 6,7 3,3 3,3 0,33 6,7 0,67  
 

Considering a cost of thermal energy of 0,1 euro/kWh, it results in saving 3,3 kWh/year in the 2nd 

scenario, which means savings of 0.33 euro/year, and saving 6,7 kWh/an in the 3rd scenario, ceea 

which means savings of 0.67 euro/year. The installed heating surface was 0.042 m2 larger in the 2nd 

scenario compared to the 1st scenario, and 0.167 m2 larger in the 3rd scenario compared to the 1st 

scenario. Considering that 1 of installed heating surface costs about 30 euro/m2, that means that the 

diiference of installed heating surface of 0,042 m2 would cost about 1,25 euro. In this case, the 

additional investment is recovered in 1,25/0,33 = 3,8 years in the 2nd scenario and in 5/0,66 = 7,5 

years in the 3rd scenario.  

Table XI.3 Duration of investment recovery in the three scenarios 

Scenario 
Duration of investment 

recovery (years) 

90/70 0.0 

70/50 3.8 

50/30 7.5 

 

From an energy point of view, a very good option for sizing the central heating systems is selecting  

tT0/tR0 = 70/50oC as design temperatures for the heat carrier. The investment in the additional surface 

of the heating system will be recovered quite quickly, in about 3.5-4.0 years. We consider that the 

further reduction of the design temperatures of the heat carrier can continue down to tT0/tR0 = 
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60/40 oC. Below these temperature values, the low temperature floor heating or ceiling heating 

apply. 
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XII Conclusions 

 

1. The heated spaces in the renovated buildings are overheated if they are supplied with a heat 

carrier having the same temperature as that supplied to unrenovated buildings. Supplying a high 

temperature heat carrier to low energy buildings is economically inefficient. Inefficiency refers to 

several aspects of system operation, namely: 

- the heat losses in the transportation and distribution systems are higher than they would be if 

energy efficient buildings would be supplied with a low temperature heat carrier 

- if the pumps in the distribution system  are not fitted with variable speed drives, the closing of 

the thermostatic valves by the consumer results in increasing the temperature on the return 

pipe of the distribution system, an important drawback in cogeneration systems 

- operating the system at temperatures higher than necessary leads to greater stress in the 

pipelines and other components of the systems, which lead to high maintenance expenses 

and faster pipe wear processes. 

2. Building renovation associated with low temperature district heating is economically efficient: the 

efficiency of energy use increases by about 40% for a building with a rated heat load of 1 MW 

located in the climatic zone 2 whose degree of thermal renovation is H/H0 = 0.6. These benefits 

can be achieved with minimal investment effort. 

3. The lower the design temperatures of the heat carrier, the higher the efficiency of the heat 

distribution system. The efficiency of the distribution system is even higher in the case of a 

higher temperature difference between the supply and return pipes. 

4. For a thermal distribution network whose constructive characteristics are known, the equivalent 

thermal module of the network can be determined by calculation. By measuring the temperature 

at the heat source and at the ends of the grid (consumers), the actual equivalent thermal module 

of the thermal network can be determined. By comparing the two values, the quality and 

efficiency of the insulation and the actual efficiency of the distribution network can be assesed, 

as compared to the design network. 

5. The measures for energy conservation in buildings associated with low-temperature district 

heating, corresponding to the degree of renovation, lead to significant energy consumption 

reductions, of about 20% for H/H0 = 0.8, about 40% for H/H0 = 0.6 and about 60% for H/H0 = 

0.4. For a degree of building renovation H/H0>0.55, the adjustment of the heat supply curve has 

a more significant weight in the percentage reduction of the energy consumption than the 

thermal rehabilitation of the of the building, and for a degree of thermal renovation H/H0<0.55, 

the weight of the two components is reversed and the thermal rehabilitation of the building 

prevails. 
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6. During the heating season, the heat losses of the distribution network are reduced significantly if 

energy efficient buildings are supplied with a heat carrier having a temperature corresponding to 

the uncorrected heat supply curve. An analysis performed for a branch of a distribution system 

supplying three apartment buildings in Bucharest shows that, during a heating season, the heat 

losses of the distribution network are reduced by 31.6% if the renovated buildings are fed with a 

heat carrier having a temperature corresponding to the corrected heat supply curve, compared 

to the situation when they are fed with a heat carrier having a temperature corresponding to the 

uncorrected heat supply curve. 

7. To supply low-temperature heat carrier to low-energy buildings, the solution will be chosen 

based on a case-by-case analysis. Simple solutions can be proposed, that do not require new 

investments in equipment and materials. 

8. In order to use low temperature district heating in unrenovated buildings, a technical-economic 

analysis can be carried out for each case in order to increase the heating surface. The cost-

benefit analysis will be done by comparing the benefits obtained by reducing the heat losses in 

the distribution system with the costs represented by the additional investment required to 

increase the heating surface. Energy and economic analysis performed on a district heating 

system that supplies building heating systems sized for the temperatures of the heat carrier of tt0 

/ tr0 = 90/70 °C, tt0 / tr0 = 70/50 °C, tt0 / tr0 = 50 / 30 °C leads to the conclusion that the additional 

investments related to the additional heating surface in the latter 2 scenarios compared to the 1st 

scenario are recovered in about 4 years and about 8 years, respectively, significantly shorter 

than the lifespan of the district heating systems. 
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XIII Personal contributions and possibilities for further research 

 

The author's personal contribution to the analysis of the ways of increasing the efficiency of the 

district heating systems resides in the following aspects: 

 Assessment and breakdown of the energy benefits achieved exclusively by the building 

renovation, exclusively by the correction of the heat supply adjustment curve for low energy 

buildings, respectively by the combined application of both measures; 

 Experimental identification of the thermal module of the network branches of the district 

heating systems, a useful parameter in the energy assessments related to the thermal 

distribution networks; 

 Assessment and analysis regarding the effect of reducing the temperature of the heat carrier 

on the heat losses in the distribution networks; 

 Analysis regarding the influence of the temperature of the heat carrier on the efficiency of the 

district heating system; 

 Analysis of the existing constructive and functional heat supply schemes of renovated 

buildings in order to supply a heat carrier having a temperature adjusted to the new heat 

demand; 

 Solutions proposed for supplying low temperature heat carrier to renovated buildings 

connected to the existing distribution network, which feeds both high and low energy buildings. 

The research can be continued by: 

 expanding the analysis regarding the increasing of the efficiency of the district heating 

systems to the heat transportation system (primary network); 

 expanding the analysis by determining the reduction of heat losses in the heat transportation 

system (primary network); 

 analysis of the overall efficiency of district heating systems, before and after building 

renovation, with and without the use of low temperature district heating; 

 expanding the analysis to district heating systems located in other climatic zones (zones 1, 3, 

4 or 5); 

 performing a cost-benefit analysis, determining the indicators that demonstrate the economic 

efficiency of using low temperature district heating. 
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XIV Symbols and abbreviations 



0Q  = energy needs for heating (design conditions) [W] 

H = global thermal insulation coefficient of the building [W/K] 

H0 = global thermal insulation coefficient of the building for the unrenovated building [W/K] 

ti0 = conventional design indoor temperature, determined according to SR 1907/2-2014 [°C] 

te = outdoor temperature [°C] 

te0 = conventional design outdoor temperature, determined for each climatic zone, according 
to SR 1907/1-2014 [°C] 

tt = flow (supply) temperature of the heat distribution system (secondary network) [°C] 

tt0 = flow (supply) temperature of the heat distribution system (secondary network) 
corresponding to the conventional design outdoor temperature (design conditions) [°C] 

tr = return temperature of the heat distribution system (secondary network) [°C] 

tr0 = return temperature of the heat distribution system (secondary network) corresponding to 
the conventional design outdoor temperature (design conditions) [°C] 

tml = logarithmic average temperature of the heat carrier [°C] 

tml = logarithmic average temperature difference between the fluids involved in the heat 
transfer [°C] 

tml0 = logarithmic average temperature difference between the fluids involved in the heat 
transfer (design conditions) [°C] 

k = global heat transfer coefficient [W/m2K] 

k0 = global heat transfer coefficient (design conditions) [W/m2K] 

G = flow of the heat carrier [m3/s] 

G0 = flow of the heat carrier (design conditions) [m3/s] 

 = density of the heat carrier [kg/m3] 

c = specific heat capacity of the water [Ws/kgK] 

S = heat transfer area [m2] 

NTU = number of thermal units [-] (dimensionless) 

NTU0 = number of thermal units – design conditions [-] (dimensionless) 

E = thermal module of the heating system [-] (dimensionless) 

E0 = thermal module of the heating system (design conditions) [-] (dimensionless) 

EC = thermal module of the consumer’s heating system [-] (dimensionless) 

E’C = thermal module of the heat exchanger preparing the heat carrier 
[-] (dimensionless) 

ER = thermal module of the heat distribution system (secondary network) [-] (dimensionless) 

E’R = thermal module of the transportation system (primary network) [-] (dimensionless) 

tT = flow (supply) temperature of the heat transportation system (primary network) [°C] 

tT0 = flow (supply) temperature of the heat transportation system (primary network) 
corresponding to the conventional design outdoor temperature (design conditions) [°C] 

tR = return temperature of the heat transportation system (primary network) [°C] 
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tR0 = return temperature of the heat transportation system (primary network) corresponding to 
the conventional design outdoor temperature (design conditions) [°C] 

P = heat load of the building [MW]  

P0 = rated heat load of the building [MW]  

QC = thermal power used by the consumer [W] 

Qsursă = thermal power delivered by the heat source [W] 

Qp = heat losses of the heat distribution network [W] 

 = efficiency of the district heating system [-] (adimensional) 

SD = efficiency of the heat distribution system [-] (dimensionless) 

ST = efficiency of the heat transportation system [-] (dimensionless) 

R = average linear thermal resistance of the heat distribution network [m·K/W] 

ţ = thermal conductivity of the pipe wall [W/mK] 

iz = thermal conductivity of the pipe insulation [W/mK] 

s = thermal conductivity of the ground [W/mK] 

L = length of pipeline sections of the heat distribution network [m] 

tml, sol = logarithmic average temperature difference between the heat carrier and the ground 
where the pipe is buried [K] 

Esch = equivalent thermal module of a thermal network [-] (adimensional) 

tm = average temperature of the heat carrier at the consumers supplied  [°C] 

t0 = temperature of the heat carrier leaving the thermal substation [°C] 

ts = ambient temperature in the duct where the pipes are installed or the soil temperature for 
the preinsulated pipes installed directly in the ground [°C] 

Di = inside diameter of the pipe [m] 

De = outside diameter of the pipe [m] 

ţ = thickness of the pipe wall [m] 

iz = thickness of the insulation layer [m] 

Diz = diameter of the pipe over the insulation layer [m] 

i = convective heat transfer coefficient [W/m2K] 

RPTS = ratio of the specific thermal powers [-] (adimensional) 

G = global thermal insulation coefficient of the building [W/m3·K] 

V = volume of the building [m3] 

S = area of the surface of the thermal envelope [m2] 

Rm = average thermal resistance of building envelope [m2·K/W] 

na = average number of air changes per hour [h-1] 

SACET = district heating system 
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Temperature transducer 
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