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THERMAL BEHAVIOR ANALYSIS OF A DISTRICT HEATING SYSTEM 

TO THE OUTDOOR TEMPERATURE VARIATION. Part 1 

Dr.ing. MARIA IULIANA CIRSTONIU 
 

ABSTRACT:  
Streamlining the residential sector, and in particular the production, distribution and use of heat in 
residential and administrative buildings systems, has not only a major social impact, but also an extremely 
important position within sustainable energy development in Romania. The present and future of these 
systems are complex subjects of a great social importance and of utmost actuality. In this context, thermal 
energy consumption and of the thermal adjustment of the district heating system is absolutely necessary. 
Without the application and implementation of such schemes, building rehabilitation, district heating 
modernization and energy efficiency increases remain actions whose results in terms of efficiency is greatly 
diminished. This paper presents an analysis of a district heating system operation to outdoor temperature 
variation over a period of 24 hours, starting at 0:00 dated 18-01-2012 till 24:00. This is made in quasi-
stabilized non-nominal regimes due to the building inertia and also large time interval parameter variation. 
Also, the district heating system thermal behavior at the outdoor temperature variation during the considered 
period is presented into details. The first part of the paper present a short introduction in the topic, making a 
general description of the current situation of district heating system in Romanian context. Beside this the first 
part also contains the presentation of the analyzed district heating system. 
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1.INTRODUCTION 

Energy is a product with a high economic, social, political and strategic value. It is vital for the entire 
economy and can be considered a strategic factor in global politics, a vital component and a cost factor for 
society economic development and progress as a whole, generating a series of major global concern.  

Economic development and natural environment protection can be compatible within a sustainable 
development. Given the energy resource limitation to ensure a lasting development in this area, it requires a 
radical change in energy production, supply and consumption. Without strong measures to increase the 
efficiency of this sector, mankind risks facing a major energy crisis in the following decades. The European 
Union strongly recommends the development of cogeneration / tri generation, centralized heating and energy 
rehabilitation for public / residential buildings and centralized heat supply systems as effective energy policy 
measures to reduce fossil fuel consumption and carbon dioxide emissions. 

Regarding the residential sector, energy efficiency increase and optimized renewable energy sources 
integration is one of the most important research topics. 

In Romania, the residential sector represents today about 34% of the country’s total final energy 
consumption, however, it is the most disadvantaged energy subsector, as no major investments were made 
since over 20 years ago. 

The district heating systems is the most lacking subsector due to facilities and equipment physical and 
moral depreciation, high total energy losses between the source and consumers, insufficient operation, 
maintenance, rehabilitation and modernization resources and, last but not least, due to complex social 
problems related to energy bills affordability. These factors have led to high thermal energy production and 
distribution costs, lowering service quality and increasing the energy bills value for the population. 

Although currently these systems’ image is not a very good one, they are a solution with a quite modern 
design. This solution was chosen for the development of modern neighborhoods from Paris (La Défense), 
Lyon and Venice. If such a system is well managed and maintained, it can achieve a much higher efficiency 
and a higher security level than the individual solutions.[B2] 

The efficiency of this equipment was also affected by the high degree of consumers’ disconnection, so 
that those remaining were faced with extra pay for an uneconomic run mode at low loads compared to the 
project. 
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The evolution of the consumers number connected to district heating systems had lately different trends 
depending on the general health of these systems simultaneously with the heat price compared to the 
consumer’s financial capability. Regarding the countries of Central and Eastern Europe, where district heating 
developed a lot after 1960, there was a decline in heat demand, both at urban consumers level and others like 
them, and especially at the industrial level. There are different reasons for these reductions. Thus, the 
reduction in the residential sector is the result of national programs for thermal rehabilitation performance, 
metering and device assembly fitted to the amount of heat, at the level of individual consumers.[B1] 

Many consumers preferred the individual heat supply solution, because, on one hand, of the bill value 
and, on the other hand, because of unmet needs. One of these requirements is thermal comfort, a very 
important factor in human activity. 

Residential and tertiary sector 
buildings should ensure the possibility of 
making optimal use of physical labor, the 
intellectual, the recreation and rest, 
generally for activities intended for these 
buildings with a high energy efficiency. 
The buildings, regardless of their 
destination, are energy intensive consumers 
and, at the same time, they provide great 
opportunities for raising energy efficiency, 
a very present-day issue in the current 
global context. 

Thermal comfort is defined as that 
state of mind which expresses satisfaction 
related with the environment. Thermal 
comfort refers to the amount of 
environmental conditions through which 
mental and physical perception is one of 
comfort, without any effort from the body 
for temperature compensation. 

Because most people spend more 
than 70% of their time in buildings 
(enclosed spaces), achieving and 
maintaining thermal comfort is a key task 
for interior microclimate engineers. 

Energy efficiency improvement 
entails energy bill reduction, a very 
important requirement from an economical 
point of view. 
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Today, there are several running projects in our country regarding thermal rehabilitation of 
residential and public buildings. The building rehabilitation and modernization activity aims to 
improve the thermal insulation performance of building components which delimit outdoor the indoor 
heated spaces, and also to increase heating energy efficiency for indoor installations and hot water 
supply. This action aims at reducing energy consumption for heating water for household, lowering 
heating costs paid by individuals and reducing oil import, increasing energy efficiency, protecting the 
environment and peoples’ health due to reduced pollutant emissions from production, processing, 
transportation and energy consumption, and last but not least, relieving local budgets of present costs. 

Therefore existing buildings will gain a greater degree of thermal insulation and will require a 
reduced heat output for heating and also a lower thermic energy consumption; the exact thing that is 
being looked for through the rehabilitation actions. The rehabilitated buildings remain with the heating 
surface size at the time of their construction, area which now, if rehabilitated, becomes surplus. In 
order to correct the supply, appropriate actions regarding setting qualitative and/or quantitative 
centralized heat have to be taken. 

Increasing the efficiency for the residential sector and especially for production, distribution 
and use of heat systems in residential and administrative buildings has not only gained a great social 
impact, but also an extremely important position within sustainable energy development in Romania. 

The present and future of urban heating systems in major cities are complex topics of a 
particular social and timely importance. 

In this context, optimizing thermal energy consumption and interference within heat supply 
systems thermal settings is absolutely necessary. Without the application and implementation of such 
schemes, building rehabilitation, urban district heating modernization and energy efficiency increase 
remain actions whose results in terms of efficiency are greatly diminished. 

Romania is the third country in Europe in terms of centralized heating systems, but 96% of 
district heating networks are in a poor technical and economic situation. Also, our country has the fifth 
heat supply system, regarding its size, in Europe, Bucharest District Heating System. 

A district heating system represents all production, transport, distribution and use of heat 
installations, it mainly must ensure: 

a) Heat energy supply security on satisfactory terms for consumers; 
b) Consumer accessibility to energy regarding bearable price conditions; 
c) Environmental impact reduction by pollutants decrease compared with other forms of 
power supply; 
d) Ensuring a sustainable development. 
As a result, the general structure of an urban district heating system  (conf. Fig 1.) is as it 

follows: 
• Heat consumers; 
• Heat distribution network as an interface between consumers and the rest of the system; 
• Thermal points (TP) or thermal modules (TM), which are used into the heat distribution 

towards consumers installations, accounting connection elements between them and transmission and 
distribution network; 

• Thermal network of heat transport from source to thermal point / MT, consisting in transport 
arteries; 

• One or more heat production sources. 
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Fig. 1. General structure of an urban district heating system 

 
 
2. The structure and its constructiveness thermal heat supply system 

characteristics presentation 

The chosen district heating system is part of a real system (from Bucharest district heating 
system). This part consists of four substations (thermal points), secondary thermal network and 
consumers connected to the associated substations, for which the constructive and thermal 
characteristics are known. An primary thermal network has been scaled for these substations and it has 
been considered a source for heat production. Further a detailed description for each system 
subassembly component will be presented. [B1] 

The number of consumers which are connected to the centralized heat supply system is 29 and 
there are generally old buildings that were built in the '70s, buildings that were built-up according to 
the thermal insulation requirements from the period in which they were designed. Interior heating 
plants were sized according to the heat demand and temperature parameters during the 70s. The 
buildings are currently distinguished in two collective construction categories: 

• Thermal rehabilitated buildings; 
• Non-rehabilitated buildings. 
Consumers characteristics: 
• Building year 1λ70, 1λ80; 
• Height conditionμ 
       PC + 10E; 
       S + P + 8E; 
       PC + 8; 
• Composition Constructionμ 
       walls - prefabricated reinforced concrete panels; 
       roof - platform with bituminous waterproofing; 
       windows – interlinked with wood (non-upgraded buildings); 
                          - double panes type (rehabilitated buildings); 
• Heating systems 
       central heating radiators; 
       residential thermal points. 
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Consumers are characterized mainly by a heat demand for hot water consumption throughout 
the year and by a thermal energy demand for winter heat consumption. 

The lagging due to the consumers’ thermal inertia is calculated based on the consumers’ 
thermo-physical characteristics. 

The necessary heat for each consumer is calculated using the thermal characteristic method, the 
amount of which was approximated considering the consumers built-up volume. The nominal heat 
demand for domestic hot water is considered 0.3 of the necessary nominal heat needed for house hold 
heating.  

The heat demand variation for hot water use does not directly depend on outdoor temperature 
variation, the dependence with it is indirect through the cold water temperature (during winter the 
temperature is considered constant + 5 ° C); 

Consumers connected to a thermal substation are heterogeneous, with the same consumption 

structure  (
c c
a iq q  ). There is a daily heat variation demand suggestion for hot water processing in 

each substation, as shown in Fig. 2. 
Primary and secondary thermal network diagram is shown in Figure 3 and Figure 4. It was 

established as a hypothesis that there is no difference in rate between consumers and substations, being 
at the same rate. 

 

 
 

Fig.3 Schematic diagrams of the primary thermal network of the district heating system  
 
 
Primary thermal network is composed of pre-insulated pipes with polyurethane foam. The 

section laying is directly into the ground at h = 1m. The soil in the area is wet, unbounded and 
characterized by 1,2 /( )s W m K   and by 10c

st C  . The nominal diameters and the lengths of the 

connecting thermal units to the thermal distribution network are presented in table 1. 
Table 1 

Section 
No. 

Nominal Diameter 
[mm] 

The connecting section 
length [m] 

The connecting section 
laying 

1 100 2x850 Directly into the ground 
2 150 2x493 Directly into the ground 

3 200 2x550 Directly into the ground 

4 200 2x107 Directly into the ground 

5 150 2x25 Directly into the ground 

6 100 2x350 Directly into the ground 
7 400 2x1750 Directly into the ground 

 
The secondary thermal network connects the thermal point and the consuming plants. They 

circulate the heat at the parameters set by consumers; 
Secondary thermal network consists of pre-insulated pipes with polyurethane foam. Laying 

sections is in concrete channels ( 1,5 /( )b W m K   ) with the internal dimensions: 600 mm width and 
800 mm length and100 mm thick walls, installed at a depth of h = 1, 5 m. 



Annalsăofătheă„ConstantinăBrancusi”ăUniversityăofăTarguăJiu,ăEngineeringăSeries,ăNo.ă2/2015 
 

188 
 

It is considered the adjustment factor that takes into account the heat loss through pipe liners, known 
as  0,2   . It is also considered known the thermal convection transfer factor at the insulation surface 

from the channel air
210,5 /( )c W m K   . 

The equivalent exterior diameter of the channel 0,888ced m  and the equivalent interior 

diameter of the channel 0,6857cid m  result from the calculation. 
Table 2 shows the nominal diameters and lengths of consumers connecting sections to the substation. 
Sections’ laying is in non-inspection sewers. 
There is a schematic diagram of the distribution network for each of the substations in Fig. 4. 

 
a) 

 
b) 

 
c) 

 
d) 

 
Fig. 4 Schematic diagrams of the secondary thermal network of the district heating system  

 
The thermal network distances are small and heat transport delays are also lower because they 

are directly proportional to the distances. These delays are neglected. 
The four chosen substations have the same design and heat features with 4 real  substations 

(thermal points)  from  Bucharest District Heating System in sector 4, along Olteniţa streetμ 
• Pt.1 Stoian Militaru (PT.1) - 3 connected consumers; 
• PT.3 Plating Olteniţa (PT.2) - 7 connected consumers; 
• Pt.2 Stoian Militaru (PT.3) - 13 connected consumers; 
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• Pt.2 Plating Olteniţa (PT.4) - 6 connected consumers; 
Substations installations schemes are identical, the indirect connection diagram heating 

systems and preparation of hot water for consumption in a two-stage series-series with the heating 
system. 

Installations from substations are formed out of a heat exchanger for heating with a 
countercurrent flow and two identical heat exchangers for hot water preparation for consumption, also 
with countercurrent flow. Table 3 indicates the type of exchangers that can be found in every 
substation (thermal point). 

Table 3 
TP 
(Substation) 

Usage Type Model Number 
plates 

Surface 
m2 

k 
W/m2K 

TP1 heating ALFA LAVAL VICARB V60 53 67.0344 3828 
acc ALFA LAVAL VICARB V28 37 22.57 2487 

TP2 heating ALFA LAVAL T20-MFG 50 83.655 5468 

acc ALFA LAVAL VICARB V28 79 48.16 2332 
TP3 heating ALFA LAVAL VICARB V28 81 50.02 6389 

acc ALFA LAVAL VICARB V28 59 35.99 2653 

TP4 heating ALFA LAVAL VICARB V28 85 51.85 5822 

acc ALFA LAVAL VICARB V28 57 34.77 2091 

 
The heat production source is a cogeneration plant, the plant type is with steam turbine with 

an adjustable urban intake. 
The heat delivery system diagram is the diagram with an adjustable urban intake and a top 

level consisting of hot water boiler. This scheme has a preheating step which is supplied with steam 
from the adjustable urban intake with low pressure of TA (the urban intake, pressure of urban intake = 
0.5 ÷ 2.5 bar), depending on the adopted thermal control system schedule. 
hot water boiler Loading as a top level is based on the hot water temperature differences that must be 
provided depending on the hot water temperature at the hot water exit from the preheating basic step 
and depending on the temperature at the CCG exit, according to the thermal control diagram that has 
been adopted. 

The thermal behavior analysis of the heat supply system that was described above will be 
made to the external temperature variation over an interval of 24 hours, starting at 0:00 dated 18-01-
2012 till 24:00. It is made at non-nominal quasi-stabilized conditions due to the buildings inertia and 
also large parameter variation during large time intervals. The outdoor temperature is presented in 
figure 5. 

 
Fig. 5. Outdoor temperature variation in 18th January 2012;  
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