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1 Introduction 

For many years, improving the energy efficiency of buildings has been an important part of 

the energy transformation in Germany. The energy conservation legislation arising from this 

and the ongoing development of energy-related requirements based on economic efficiency 

criteria play a significant role in this. The intended goal of these developments is a building 

stock that is, as much as possible, climate-neutral by 2050. 

However, there are currently two essential statutes in which energy-related requirements for 

existing and new buildings are defined. The first of these is the Energieeinspargesetz (EnEG) 

[Energy Conservation Act] [1] with the related implementation provisions of the Energie-Ein-

sparverordnung (EnEV) [Energy Conservation Ordinance] [2], which contains requirements for 

the building envelope and for technical building systems. The second essential statute is the 

Erneuerbare-Energien-Wärmegesetz (EEWärmeG) [Renewable Energies Heat Act][3], which 

specifies how renewable energies are to be used to meet the heat demand of new buildings 

and existing buildings in the public sector. However, the current state-of-affairs is that the two 

statutes are not optimally aligned to each other, which in practice repeatedly leaves room for 

interpretation. 

At the European level, the Member States have undertaken in accordance with Article 9 of 

Directive 2010/31/EU (Energy Performance of Buildings) [4] to make the nearly zero energy 

building  standard mandatory for all new buildings by 2021 and for non-residential buildings 

in the public sector by 2019. This action initiated at the European level has led to a reform of 

energy conservation legislation in Germany. The objective of the reform is to merge the EnEG 

and the EEWärmeG into a single act with the title 

Gesetz zur Vereinheitlichung des Energieeinsparrechts für Gebäude  – GEG [Act for the Har-

monization of Energy Conservation Legislation for Buildings – Buildings Energy Act]. 

The proposed GEG is intended to contain a uniform set of requirements in which energy effi-

ciency and renewable energies are integrated. All requirements mentioned in the GEG are 

subject to the economic efficiency principle. 

Directive 2010/31/EU was amended by Directive (EU) 2018/844 [5], which among other things 

addresses system requirements for the overall energy efficiency of technical buildings systems 

and inspections. These amendments are motivated in part by the previous lack of adequate 

consideration of hydronic balancing, as well as the necessity to optimize the energy efficiency 

of buildings under real-life, dynamically varying part-load operating conditions. 

The specific aim of the present study is therefore to analyze the aspect of hydronic balancing 

from an energy and efficiency perspective and to determine whether it can be implemented 

directly in the GEG. 
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2 Definition of hydronic balancing 

2.1 Basic considerations 

The primary objective of heating systems for building energy technology is to ensure adequate 

supply to the property matching demand, which means that the energy balance of the system 

must be maintained under the required boundary conditions (thermal comfort), both spatially 

and temporally. The thermal power to be provided by the hydronic system is defined as:  

�̇� = �̇� ∙ 𝑐𝑝 ∙ (𝜗𝑉𝐿 − 𝜗𝑅𝐿)  (1) 

where  

�̇� heat flow [W] 

�̇� mass flow [kg/s] 

𝑐𝑝 specific heat capacity [kJ/(kg K)] 

𝜗𝑆 supply flow temperature [°C] 

𝜗𝑅 return temperature [°C] 

 

The significant factors in Eq. (1) are the mass flow to be maintained (�̇�) and the temperature 

difference to be maintained (Δ𝜗 = 𝜗𝑆 − 𝜗𝑅). If either of these two criteria is not satisfied, the 

result is insufficient thermal supply by the heating system, either spatially or temporally. This 

is shown by example in Fig. 1. 

 

 

Fig. 1 Adequately (left) and inadequately (right) supplied heating systems (examples) 

With regard to adequate supply, the term hydronic balancing has been established in the past. 

Definitions of hydronic balancing can be found in various publications.  

  

55°C 

65°C 
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Table 1 gives an overview of the most important formulations documented in the literature. 

Table 1 Definitions of hydronic balancing in various literature sources 

Literature 
source  

Author Definition 

[6] 

VDZ Technical 
Rules 

 

"Hydronic balancing is the process of matching the volume flows in the indi-

vidual subsystems to the target volume flows calculated in the design. Hy-

dronic balancing ensures that all heating surfaces are supplied with the nec-

essary volume flows of the heat transfer medium at the right time. Maxi-

mum reduction of the system temperatures is only possible with hydronic 

balancing." 

[7] 
SAENA 

 
"The objective of hydronic balancing is to adjust the technically required flow 

volumes." 

[8] / [9] 
Schweikhardt et 

al. 
"Hydronic balancing ensures that the required volume of hot water flows 

through every radiator." 

[10] 
ASUE 

 

"Hydronic balancing restricts the hot water volume flows so that the 

amount of heat fed to each radiator is limited to the amount necessary for 

uniform heating. This is done on the basis of a room-per-room calculation 

of the heat load and the design parameters specific to the heat generator 

(supply and return temperatures, pressure difference at the thermostatic 

valve)." 

[11] 
DENA 

 

"Hydronic balancing ensures that the radiators or heating circuits for wall 

or floor heating are adequately supplied. For this purpose, in the entire sys-

tem the volume flow of hot water is set individually for each room." 

All definitions in Table 1 refer more or less directly to hydronic aspects, and thus in particular 

to the pressure loss and the resulting mass flows. The following generally valid classic defini-

tion of hydronic balancing can be derived from these definitions: 

"The term hydronic balancing is understood to mean the calculation and setting of re-

sistance values (pressure losses) with the objective of achieving the target volume flow dis-

tribution." [12]1 

The classic definition of hydronic balancing focuses solely on hydraulics and provision of the 

mass flows, because in practice this is a relatively economical solution. Newer approaches for 

ensuring adequate supply of heating systems extend the meaning of the term and also allow 

consideration of thermal adaptation (Δ𝜗) in the analysis. 

The documented definition of hydronic balancing is formulated very generally and therefore 

provides leeway with regard to implementation, i.e. whether it relates to static balancing (i.e. 

settings referenced to a design operating point) or a dynamic process that is performed con-

tinuously. For static hydronic balancing, the reference to the setting of pressure losses under 

the design conditions (nominal mass flow) is unambiguously defined. With regard to the terms 

                                                      
1 In the context of the present study, the term "hydronic balancing" relates to water-based systems. However, the basic 

findings apply equally well to air-based systems. Furthermore, a distinction is made between static and dynamic forms of 

hydronic balancing. 
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of reference for dynamic hydronic balancing, there is no uniform definition. Instead, a con-

stant differential pressure under full or partial load or a maximum value as a criterion for the 

mass flow is used. 

This means that the dynamic systems provide “order” for example in a dynamic heating sce-

nario, which leads to balanced load across the entire system. 

The effect of not carrying out hydronic balancing in a heating system can also be discussed 

based on Eq. (1). If the mass flow at the consumer is inadequate, then with the same supply 

and return temperatures the emitted heat flow (�̇�) will be inadequate. The lower mass flow 

can be offset by a larger temperature difference (Δ𝜗), but that leads to different temperature 

levels in the distribution system and at the heat generation system. That can result in a higher 

final energy expenditure, such as higher thermal losses. On the other hand, the unbalanced 

supply can be balanced by a higher pressure from the pump (with higher electrical expendi-

tures). The energy differences between a system with hydronic balancing carried out accord-

ing to the stated definition and a system that is not hydronically balanced are compiled in the 

following sections. The analysis is based on data from the literature.  

2.2 Components for hydronic balancing 

A variety of components can be used to carry out hydronic balancing. In relatively large build-

ings, the individual risers are adjusted relative to each other by means of so-called group bal-

ancing valves so that the same Δ𝑝 values are present at the supply point between the individ-

ual riser branches. This allows hydronic balancing to be ensured between the risers. Within a 

branch, pre-settable thermostatic valves or return temperature limiters are used for adjust-

ment. Both devices create an additional pressure loss, thereby limiting the mass flow. They 

are among the technical devices that are used for static hydronic balancing. 

Under dynamic conditions, extended components are used as local control devices and are 

often combined with TRVs. In terms of operation, these components combine conventional 

TRV systems with a differential pressure regulator or a mass flow limiter. A mass flow limiter 

prevents the mass flow from rising above a pre-settable limit. A differential pressure regulator 

additionally limits the differential pressure over the valve under part load conditions, which 

also prevents undesirable noise. A consequence of these technologies is that especially during 

heating up and under part load conditions the mass flows or differential pressures cannot 

exceed the design values, avoiding unbalanced distribution in these systems. The combination 

of a TRV and a differential pressure controller or mass flow limiter is one of the components 

that can be used for dynamic hydronic balancing. 
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3 Literature analysis 

A large number of publications on the subject of hydronic balancing are currently available. In 

the following analyses, only those publications are considered that: 

- clearly list the boundary conditions; 

- can withstand a scientific analysis. 

All reports without an unambiguous relationship to the significant physical parameters are not 

considered in the following analyses. 

Extensive information on hydronic balancing is provided by Wolf and Jagnow in [13] (Optimus 

study) and [14]. The analysis covers multi-family buildings, for which savings of 8 kWh/m²a 

(space heating energy savings) could be achieved compared to an unbalanced system. Irrek 

[15] analyzes the electrical energy consumption of central circulation pumps in connection 

with hydronic balancing issues. He finds that the electricity consumption of the described sys-

tems can be up to 50% lower with properly implemented static hydraulic balancing. Further-

more, [15] reports that with hydronically balanced systems, additional thermal energy savings 

of up to 10 to 15% compared to systems that are not hydronically balanced can be achieved 

through lower thermal losses or optimized control parameters.  

In [16], Felsmann and Hirschberg study the influence of the absence of hydronic balancing on 

the part-load behaviour of electrical circulation pumps. In qualitative terms, they conclude 

that part load behaviour is by far the most typical case in central hot water heating systems 

and that this case should be considered with priority. In a second research project [17], 

Hirschberg and Felsmann analyze the influence of the absence of hydronic balancing along the 

demand chain (heat emission, heat distribution, heat generation). For the heat emission sub-

domain, differences of 2.5 to 3% between balanced and unbalanced systems are found (space 

heating energy). For heat generation, the absence of hydronic balancing leads to an additional 

expenditure of up to 8%. With regard to the power consumption of the central circulation 

pump, electrical energy savings of up to 25% compared to an unbalanced system are stated 

for a balanced system. In [18] Hirschberg again analyzes aspects of hydronic balancing. In par-

ticular, the analyses focus on the impact of pre-set TRVs. In these analyses, the absence of 

hydronic balancing raises the average mass flow in the system by 8%. If pre-set TRVs are used, 

this elevated mass flow can be reduced to a value of 1.5%. 

Guzek also performs extensive numerical analyses on hydronic balancing in [19]. Continuous 

and intermittent operating modes are analyzed for a single-family dwelling and a multi-family 

dwelling. The influence of hydronic balancing was found to be very low in continuous operat-

ing mode. This can be explained by the part load behaviour of the system, in which the TRVs 

cause a reduction in the mass flow. The conditions in intermittent operation mode, which is 

also analyzed, are regarded as critical. Here an additional energy expenditure of 7% for heat 

emission is found in [19]. For the central circulation pump, an additional expenditure of order 

of up to 26%2 for electrical energy is documented. The additional expenditure for heating en-

                                                      
2 With regard to the absolute parameters, it should be noted that the electrical savings in kWh are distinctly lower than the absolute savings 
in thermal energy. 
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ergy and electrical energy was due to compensation measures that were carried out on a hy-

dronically unbalanced system (raising the heating curve Δ𝜗 and shifting the pump character-

istic curve)3. 

 

A paper on hydronic balancing that has not yet been published in scientific journals was au-

thored by Seifert et al. [20] 2014, in which in particular continuous and intermittent operating 

modes were analyzed as well as local dynamic mass flow limiters and static pre-settable 

valves. In the results of this study it is clearly concluded that continuous operation is not sig-

nificant with regard to hydronic balancing. By contrast, significant differences between the 

analyzed systems were seen under intermittent operation. In particular, systems with an in-

tegrated function for mass flow limiting act in a "regulatory" manner during heating-up oper-

ation. Energy savings in the range of 0 to 6% relative to the thermal energy emitted in the 

heating network are seen in [20]. If the heat generator is included in the analysis, final energy 

savings of 0 to 7.5% are documented in [20]. The mentioned energy parameters were consid-

ered in the discussion on the revision of DIN V 18599 [21] and EN 15316-2 [22]. 

An analysis of various buildings used for social purposes in [8] can be regarded as a recent field 

study. With reference to this study, a field test is proposed to characterize potential energy 

savings with various buildings. The energy differences along the demand chain (emission, dis-

tribution, generation) are not distinguished in [8]. Instead, summary quantities are stated in 

[8]. With regard to thermal energy demand, potential savings of 12.5 to 29% are stated, as 

well as up to 85% for electrical energy for the pump. However, here it should be clearly 

pointed out that the energy savings consist of a mixture of:  

• Altered user behaviour 

• Static and dynamic hydronic balancing 

• Replacement of the circulation pump 

It should also be noted that the results only cover a very short measurement period and do 

not allow distinction between individual measures. Further analyses can be seen in [9], 

whereby in comparison to [8] the analysis period was several years. With regard to thermal 

energy savings, an average potential of 8 to 11% is indicated. The parameters are subdivided 

by building class and building age. It should also be noted that in [9] additional energy con-

sumption was also found after hydronic balancing. A noteworthy aspect of [9] is that it also 

provides a comparison of embedded and free heating surfaces, with only small savings for 

systems integrated into building elements. Compared to an unbalanced system, they are in 

the range of up to 2% relative to the space heating energy. 

The influence of hydronic balancing of a floor heating installation on the COP of a heat pump 

is studied in current measurements and analyses by Thalfeldt et al. [23]. The relationship be-

tween the COP of the heat pump and the hydronic system is discussed, but currently no reli-

able results regarding energy savings can be derived at this stage from this study. According 

to the authors, the studies are not yet completed and must be further elaborated. 

                                                      
3 The goal of the introduction of compensation measures is to ensure the required thermal comfort in all rooms, both spatially and tempo-
rally. 
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Aside from the previously mentioned scientific papers, there is a large number of publications 

that also address the subject of hydronic balancing. The work by Oschatz et al. [24], which 

derives evaluation methods for hydronic balancing that have been incorporated in DIN V 

18599 [21], can be regarded as essential in connection with evaluation for standardization 

purposes. Parameters for space heat emission were determined and were updated for the 

revision of that standard in 2016/2017. They therefore are not further documented. In [24] a 

method using a load factor is proposed for heat distribution. The corresponding formula is:  

𝛽ℎ,𝑑 =  
𝑄ℎ,𝑏 + 𝑄ℎ,𝑐𝑒

�̇�ℎ,𝑚𝑎𝑥 ∙ 𝑡ℎ

∙ 𝑓ℎ𝑦𝑑𝑟  (2) 

The state of the hydronic network is taken into account in Eq. 2 as follows4:  

- Balanced hydronic network: 𝑓ℎ𝑦𝑑𝑟 = 1,0 

- Unbalanced hydronic network: 𝑓ℎ𝑦𝑑𝑟 = 1,2 

In this connection, 𝛽ℎ,𝑑 is understood to mean the hydronic load factor. The effect on distri-

bution and heat generator systems can be indicated by a thermal load factor. The thermal 

load factor influences the supply and return temperatures and thereby also indirectly influ-

ences the utilization factor of the heat generator. The corresponding equations are:  

𝜗𝑅,𝑎(𝛽𝑖) = (𝜗𝑅𝐷 − 𝜗𝑖,ℎ,𝑠𝑒𝑡) ∙ 𝛽𝑖
1 𝑛⁄

+ 𝜗𝑖,ℎ,𝑠𝑒𝑡 (3) 

𝜗𝑆,𝑎(𝛽𝑖) = (𝜗𝑆𝐷 − 𝜗𝑖,ℎ,𝑠𝑒𝑡) ∙ 𝛽𝑖
1 𝑛⁄

+ 𝜗𝑖,ℎ,𝑠𝑒𝑡 (4)5 

Parameters for hydronic balancing are not directly proposed in [24]. 

The thermal and electrical energy savings derived from the literature research are summarized 

in Table 2. 

Table 2 Summary of literature research – savings in systems with hydronic 
balancing versus systems without hydronic balancing6 – energy demand including heat generator losses 

Literature 
source  

Author 

Final energy savings Electrical energy savings 

Building type  Old build-
ing 

New build-
ing 

Old build-
ing 

New build-
ing 

[9] 
Schweikhardt  

et al. 
8 – 11% 7 

- Non-residential 
building  

(church) 

[13] / [14] 
Wolff and  

Jagnow 
8 kWh/m² 

18 
kWh/m² 8 

13% Multi-family 
building 

[15] Irrek 10 – 15% 
  

50% (90%) 
Multi-family 

building 

                                                      
4 The parameters documented in [24] are recorded in [21]. 
5 Validity for two-pipe distribution system 
6 The final energy savings documented in Table 2 relate to systems with radiators (open heating surfaces). EnEV 2002 is re-
garded as the boundary for distinguishing between old and new buildings. This means that buildings erected before 
EnEV 2002 are old buildings, while those constructed after EnEV 2002 are new buildings.   
7 Analysis of buildings constructed from 1978 onward (WSchVO 1977)  
8 Construction later than 1994 
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[16] / [17] 
Hirschberg and 

Felsmann 
8% 9 

 
25% 

Single-family 
building 

[19] Guzek10 ≤ 7% 
(≤ 1.2%) 26% 

12% 
Single-family 

building 

[20] Seifert et al. 0 – 2.8% 
0 – 7.5% - Single-family 

building 

 
With the exception of reference [20], the energy savings listed in Table 2 relate to static hy-
dronic balancing. However, technical solutions that enable dynamic hydronic balancing are 
increasingly available, but these solutions are not yet backed up by detailed measurements or 
scientific analysis. A first simplified field test carried out in [25] showed potential energy sav-
ings of up to 15% (dynamic hydronic balancing compared to static hydronic balancing). Since 
these analyses have not yet been scientifically evaluated, the parameters for dynamic hy-
dronic balancing currently reported in the standards should be used in the following analyses 
(see section 4.1). 
 

                                                      
9 No differentiation by building age class 
10 Due to the selected boundary conditions, the trends in this case are different. 
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4 Standards and technical rules 

4.1 Standard parameters 

Current energy-related parameters for hydronic balancing are anchored in various standards. 

The most extensive data is available in DIN V 18599 [21], which provides energy-related data 

for hydronic balancing along the demand chain (heat emission, heat distribution, heat gener-

ation). A direct relationship to the deployed useful energy is made for heat emission. The cal-

culation is based on representing the additional energy expenditures as temperature changes 

(higher room temperatures). Table 311 contains the corresponding values. The applicable 

equation for the calculation is:  

∆𝜗𝑐𝑒 = ∆𝜗𝑠𝑡𝑟 + ∆𝜗𝑐𝑡𝑟 +  ∆𝜗𝑒𝑚𝑏 +  ∆𝜗𝑟𝑎𝑑+ ∆𝜗𝑖𝑚 +  ∆𝜗ℎ𝑦𝑑𝑟 + ∆𝜗𝑟𝑜𝑜𝑚𝑎𝑢𝑡 (5) 

Table 3 Temperature variations in heat emission versus hydronic balancing in degrees K (hydronic balancing 
performed with manufacturer declaration for balancing and in coordination with EN 14336 [26]) 

Single-pipe system Δhydr Two-pipe system 

*n ≤ 
10 

Δhydr 

*n > 
10 

Δhydr 

No hydronic balancing 0.7 No hydronic balancing 0.6 

Statically balanced per circuit 0.4 Static balancing per radiator/heating 
surface without group balance 

0.3 0.4 

Dynamically balanced per circuit (e.g. 
with automatic flow limiters) 

0.3 Static balancing per radiator/ heating 
surface and static group balancing 
(e.g. with balancing valve) 

0.2 0.3 

Dynamically balanced per circuit (e.g. 
with automatic flow limiters) and dy-
namically controlled depending on its 
load (e.g. with return temperature lim-
itation) 

0.2 Static balancing per radiator or heat-
ing panel and dynamic group balanc-
ing (e.g. with differential pressure 
controller) 

0.1 0.2 

Dynamically balanced per circuit (e.g. 
with automatic flow limiters) and dy-
namically controlled depending on its 
load (spread supply-return tempera-
ture) 

0.1 Dynamic balancing per radiator or 
heating panel (e.g. with flow limiters 
and/or differential pressure control-
ler) 

0.0 

 * Number of radiators/heating surfaces per group 

 
A factor (𝑓ℎ𝑦𝑑𝑟) is also used for the hydronic analysis, and in particular for determination of 

the load factor of the heat generator, the storage tank and the distribution network. The cor-
responding parameters can be found in Table 4. 
  

                                                      
11 In the framework of the normative evaluation, flow limiters and dynamic valves are treated as the same for calculation, 
despite having different operating mechanisms from a technical perspective. 
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Table 4 Factors for hydronic balancing of heat generation according to DIN V 18599-5 [21] 

Single-pipe system Two-pipe system fhydr 

No hydronic balancing 1.06 

Hydronic balancing performed with manufacture declaration on the balancing and in 
coordination with EN 14336 and  

1.02 
flow regulators or exclusively statically bal-
anced systems  

With more than eight radiators / heat-
ing surfaces per automatic differential 
pressure controller, or exclusively 
statically balanced systems  

Flow regulators, flow in single-pipe branch 
dynamically controlled depending on its load 

At most eight radiators / heating sur-
faces per automatic differential pres-
sure controller and / or flow regulator 

1.0 

 

With regard to the electrical energy demand of the circulation pump, the calculation in DIN 

V 18599-5 [21] is implemented using an expenditure factor 𝑒ℎ,𝑑,𝑎𝑢𝑥. 

𝑒ℎ,𝑑,𝑎𝑢𝑥 = 𝑓𝑒 ∙ (𝐶𝑃1 + 𝐶𝑃2 ∙ 𝛽ℎ,𝑑
−1) ∙

𝐸𝐸𝐼

0,25
 (6) 

 

The efficiency factor 𝑓𝑒   in Eq. (6) is determined as follows with an unknown pump: 

𝑓𝑒 = (1,25 + (
200

𝑃ℎ𝑦𝑑𝑟
)

0,5

) ∙ 𝑏 (7) 

 

If the pump is not designed for the demand or the pump is set to a higher head due to the 

absence of hydronic balancing, 𝑏 = 2 must be used in the calculation. In this way the expendi-

ture factor, and with it the electrical expenditure (see Eq. (8)), is doubled per default if the 

hydronic network is not balanced. 

𝑊ℎ,𝑑 = 𝑊ℎ,𝑑,ℎ𝑦𝑑𝑟 ∙ 𝑒ℎ,𝑑,𝑎𝑢𝑠 (8) 
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4.2 Technical rules 

The current regulations for carrying out hydronic balancing are analyzed below. 

EPBD: Directive 2010/31/EU on the energy performance of buildings [4] 
The European directive on the energy performance of buildings (EPBD) stipulates that: 
"Article 8 
Technical building systems, electromobility and smart readiness indicator 

1. Member States shall, for the purpose of optimizing the energy use of technical building 
systems, set system requirements in respect of the overall energy performance, the proper 
installation, and the appropriate dimensioning, adjustment and control of the technical build-
ing systems which are installed in existing buildings. Member States may also apply these sys-
tem requirements to new buildings. 
System requirements shall be set for new, replacement and upgrading of technical building 
systems and shall be applied in so far as they are technically, economically and functionally 
feasible. 
Member States shall require new buildings, where technically and economically feasible, to 
be equipped with self-regulating devices for the separate regulation of the temperature in 
each room or, where justified, in a designated heated zone of the building unit. In existing 
buildings, the installation of such self-regulating devices shall be required when heat genera-
tors are replaced, where technically and economically feasible." 
"Article 14 
Inspection of heating systems 
1. Member States shall lay down the necessary measures to establish regular inspections of 
the accessible parts of heating systems or of systems for combined space heating and ventila-
tion, with an effective rated output of over 70 kW, such as the heat generator, control system 
and circulation pump(s) used for heating buildings. The inspection shall include an assessment 
of the efficiency and sizing of the heat generator compared with the heating requirements of 
the building and, where relevant, consider the capabilities of the heating system or of the 
system for combined space heating and ventilation to optimize its performance under typical 
or average operating conditions." 

EnEV 2014: Energy Conservation Ordinance [2] 
Although the EnEV does not formulate any specific requirements for carrying out hydronic 
balancing, hydronic balancing is foreseen in the calculation method defined in DIN V 18599 
and DIN V 4701. 
The EnEV reference buildings are supplied by a hydronically balanced heating system. 
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KfW and BAFA subsidy 
A prerequisite for a KfW or BAFA subsidy is hydronic balancing according to the VdZ technical 
rules document "Optimization of Heating Systems in Existing Buildings." A distinction is made 
between individual measures that can be performed as part of a renovation with either 
method A or method B, and confirmation for a KfW efficiency house for which hydronic bal-
ancing can only be performed with method B. Confirmation is provided by means of the rele-
vant VdZ confirmation forms. 

VdZ Technical Rules for the Optimization of Heating Systems in Existing Buildings [6] 
The technical rules are primarily applicable to the renovation of existing buildings. The simpli-
fications made for old buildings are not used for new buildings. In conjunction with the con-
firmation forms, this rule defines a technical standard that is subdivided as follows: 

• Method A 

Method A (standard service) is in general to be regarded as a contractual standard service and 
derives its validity from VOB-C. In the context of the subsidy, the method may only be used 
up to a maximum of 500 m² living area or useful floor area per heating circuit with its own 
pump / differential pressure controller. This method is subject to the relevant guidelines, and 
there are restrictions on its eligibility for KfW or BAFA subsidy. 

• Method B 

Method B must be requested separately as a premium service and is currently always valid for 
KfW or BAFA subsidy. 
 
The technical implementation of methods A and B are described in Annex A - Hydronic bal-
ancing measures according to VdZ. 

VOB-C (DIN 18380) [27] 
"3.1.1 The components of space heating systems and domestic hot water systems shall be 
matched to each other such that the required service is provided, operational reliability is 
assured, and economical and efficient operation is possible." 
"3.5.1 The contractor shall configure the system components such that the planned functions 
and services are provided and the legal requirements are fulfilled. Hydronic balancing shall be 
performed with the settings determined by calculation such that during normal operation all 
heat consumers are supplied with hot water according to their heat loads, including for exam-
ple also after lowering of the room temperature or shutdowns of the heating system." 
(DIN 18380:2016-09) 

EN 15378: Inspection of boilers and heating systems [28] 
The procedure for a heating inspection is explained according to the requirements of the 
EPBD. This also includes checking the hydronic balancing. 
A simplified method for the inspection of heating systems (“heating system check”) is de-
scribed in the national annex DIN SPEC 15378. Among other things, the heating check includes 
a procedure that facilitates quick determination of whether or not hydronic balancing has 
been carried out in an existing heating system. 
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DIN V 18599: Energy performance of buildings - Calculation of the net, final and primary 
energy demand for heating, cooling, ventilation, domestic hot water and lighting - Part 5: 
Final energy demand of heating systems [21]  
DIN V 4701-10: Energy performance of heating and ventilation systems in buildings - Part 
10: Heating, domestic hot water supply, ventilation [29] 
Both standards regard hydronic balancing as a prerequisite for proper operation. DIN V 18599-
5 also provides for a correction factor for systems that are not hydraulically balanced. 
"Proper operation of the heating systems according to the generally accepted technical rules 
is presumed. Separate instructions in this regard, for example for hydronic balancing of hot 
water heating systems, can be found in VDMA 24199.” (DIN V 18599-5) 
"This presumes normal operation of the heating and ventilation systems according to the gen-
erally accepted technical rules. Separate instructions in this regard, for example for the hy-
dronic balancing of hot water heating systems, can be found in the VDMA specification Rege-
lungstechnische Anforderungen an die Hydraulik bei Planung und Ausführung von Heizungs-, 
Trinkwassererwärmungs- und Raumlufttechnischen Anlagen [Hydraulic control requirements 
for the design and implementation of heating, domestic hot water and ventilation systems]." 
(DIN V 4701-10) 

EN 14336: Heating systems in buildings - Installation and commissioning of water-based 
heating systems [26] 
The standard contains the following passage regarding hydronic balancing: 
"The water flow volumes must be hydronically balanced and correspond to the design speci-
fications." 

VDMA 24199 Regelungstechnische Anforderungen an die Hydraulik bei Planung und 
Ausführung von Heizungs-, Kälte-, Trinkwarmwasser- Raumlufttechnischen Anlagen 
[Hydraulic control requirements for the design and implementation of heating, cooling, 
domestic hot water and ventilation systems] [30] 
The VDMA specification is intended to support project engineering and design and to present 
possible procedures for hydronic balancing. Furthermore, both DIN V 4701-10 and DIN 
V 18599-5 refer to VDMA specification 24199 as accepted technical rules. 

Prerequisites 
- System flushed and unpolluted 

- System components filled 

- System components de-aired 

- All circuits filled with flowing media or connected as foreseen in operation 

- Dirt traps and/or filters cleaned 

New systems 
The pipe network calculation forms the basis for hydronic balancing. Valves must be provided 
for hydronic balancing, such as: 

- Pre-settable thermostatic valves 

- Pre-settable return flow limiters in combination with non-pre-settable thermostatic 

valves 

- Group balancing valves 

- Differential pressure controller (variable-flow circuits) should be used in case of ex-

cessive flow noise due to high differential pressure 

- Flow regulators (constant-flow and variable-flow circuits) 
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The valves must then be adjusted according to the calculations, and the values recorded and 
added to the inspection documents. 
Additional checks can be made by measurement. For this the pumps must be ready for use 
and adjusted for constant operating conditions, and thermal control valves must be adjusted 
according to the calculations, or if this is not possible it must be taken into account for the 
measurement. After steady-state operating conditions are reached, the parts of the system to 
be checked are measured and compared to the calculated values. Deviations must be cor-
rected by adjusting the settings of the control valves or differential pressure regulators. This 
adjustment influences other parts of the system and must be taken into account. Here as well 
the measured values and pre-set values must be recorded and added to the inspection docu-
ments. 

Old systems 
Calculation is difficult or impossible in the absence of documentation. 
First the actual and target flows are determined, for example by: 

- Calculated dimensioning using system simulation 

- Recording network characteristics with a measurement pump 

- Measuring flows with measurement valves 

Then static or dynamic hydronic balancing can be carried out 

Static balancing with the aid of measurement valves and manual throttle valves 
Valves shall be provided that enable adjustment of the system components and, in the case 
of relatively large systems, measurement of the system components. It must be ensured in 
advance that the pumps are ready for use and adjusted for constant operating conditions, and 
that all adjustable valves are set according to experience or target flow so that the specified 
steady-state operating conditions can be achieved. 
Various measurement methods can be used: 

- Iterative method 

Repeated measurement at each hydronic measurement point and adjustment of the 

corresponding control valves until the desired values are obtained. 

- Compensation/proportional method 

The least favourable point of the system must be known. That determines the mini-

mum pump head. A minimum pressure difference at the target flow must be present 

at the least favourable part of the system. For measurement reasons, it should not be 

less than 3 kPa. While the part of the system with the least favourable point is kept at 

the minimum pressure loss by a main valve, the other parts of the system are meas-

ured and adjusted. 

- Balance method 

Hydronic balancing is performed using a measurement computer and balance method 

software. 

The components of the system to be checked are measured and compared to the foreseen 
target flow. Then the deviations are corrected by adjusting the control valves or differential 
pressure regulators. It must be borne in mind that these adjustments affect other parts of the 
system. The measurement and pre-set values must be recorded. 

Dynamic balancing by differential pressure controllers in variable-flow systems or by flow reg-
ulators in constant-flow systems 
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If differential pressure regulators are used for every circuit in variable-flow systems (e.g. two-
pipe systems), hydronic balancing is performed dynamically because the target flow is con-
trolled by the regulated differential pressure and the pre-set throttle settings at the individual 
emitters. 
In constant-flow systems, hydronic balancing is performed dynamically if flow regulators are 
used in every circuit, since they compensate for the interactions between the different cir-
cuits. 
If the system is extended, it is not necessary to check and/or change the dynamic balancing in 
the existing circuits. 

ZVSHK technical information on hydronic balancing 
The technical data is informative and provides suggestions for carrying out hydronic balancing 
and in particular for compliance with VOB-C. 

New systems 
First the heat load must be determined for each room. Then the system temperatures must 
be determined (specification of supply and return temperatures). Using this data, the heating 
surfaces are laid out and the volume flows are calculated. The pipe network is dimensioned 
for a pressure loss between 30 and 100 Pa/m (pipe network calculation). If necessary, group 
balancing valves need to be used, calculated and adjusted. The pre-set values of thermostatic 
valves and the pump head must be determined. In addition, differential pressure controls are 
required if the pressure difference in the network is greater than 200 mbar. Finally, the ther-
mostatic valves must be pre-set. 

Old systems 
The procedure is largely similar to that for new systems. The heat demand for each room may 
be estimated. Then the system temperatures are determined or measured. The dimensioning 
of the heating surfaces is checked, and the flows are determined from a predefined tempera-
ture difference and the heat demand. The pipe network must be included in the determina-
tion of the pressure losses in the entire system. If necessary, group balancing valves have to 
be used, the settings must be determined, and the valves must then be adjusted accordingly. 
Differential pressure controllers should also be used if the pressure difference in the network 
exceeds 200 mbar. The existing circulation pump is checked and replaced if necessary. Then 
the pre-setting values of the thermostatic valves are determined, based on 100 mbar at the 
valve as a design guideline. These values are then pre-set. 
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5 Cost-benefit analysis 

5.1 Boundary conditions 

5.1.1 Definition of typical application cases 

The analyses are made for a single-family dwelling and a multi-family dwelling with 40 building 
units according to the ZUB catalogue of model buildings [31].  

 

Fig. 2 Single-family dwelling with basement [31] 

Useful floor area     148.8 m² 
Living area                110 m² 
Number of radiators  
Old building                    11 
New building                    9 
Surface heating 
Floor heating circuits       6 
Radiators                            3 

 

Fig. 3 Multi-family dwelling with 40 building units [31] 

Useful floor area     3,800 m² 
Living area               2,850 m² 
Number of radiators  
Old building                   250 
New building                 200  
Number of branches       8 
 
 

A distinction is made between existing buildings and new buildings, with all buildings erected 
since EnEV 2002 regarded as new buildings. 

Typical consumption data for existing buildings depending on renovation status and energy 
carrier is available in the BMVSB online publication Vergleichswerte für Verbrauch bei 
Wohngebäuden [Comparative consumption values for residential buildings] [32]. Adjusted for 
the domestic water heating, the specific final space heating energy consumption (only heat-
ing, referenced to the living area) is, for example, 170 kWh/m² per year for an unrenovated 
single-family dwelling12 using  natural gas or heating oil, or for a large unrenovated multi-fam-
ily dwelling12 130 kWh/m² per year [33]. 

The following installation systems are analyzed: 
Small single-family 
dwelling with heated 
basement 

Condensing boiler and radiators 

Air/water heat pump and floor heating (only new buildings) 

Large multi-family dwell-
ing  
(40 building units) 

Condensing boiler and radiators 

District heating and radiators 

District heating and floor heating (only new buildings) 

                                                      
12 Construction earlier than 1984 
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The existing adjustable pump for hydronic balancing can be either a multi-speed pump or a 
high-efficiency pump. Accordingly, two cases are considered for the residential buildings: 
multi-speed pump and high-efficiency pump. Due to the low electricity consumption of high-
efficiency pumps, the absolute electricity savings are lower. 

5.1.2 Methodology and boundary conditions of cost-benefit analysis 

According to the Energieeinsparungsgesetz (EnEG) [Energy Conservation Act] Section 5(1) [1], 
requirements are regarded as economically justified if the necessary expenditures can be 
amortized by the resulting savings within the normal useful lifetime of the building or its build-
ing units. The expected remaining useful lifetime must be considered for existing buildings. 
This means that a measure is regarded as economically feasible if the determined amortiza-
tion time is shorter than the calculated useful lifetime TN. 
The static amortization time J and the amortization time TA taking dynamic price trends into 
account are calculated according to the following amortization method [34]: 

𝐽 =
Investment cost

Annual energy cost saving
 (9) 

𝑇𝐴 =
ln (1 − 𝐽 ∙ (𝑞 − 𝑟))

ln 
𝑟
𝑞

 (10) 

J static amortization time  
TA amortization time in years (depending on price increase and interest rate) 

q interest factor; 𝑞 = 1 +
𝑝

100
; p = interest rate [%] 

r price adjustment factor; 𝑟 = 1 +
𝑃𝑉

100
; PV = annual price adjustment [%] 

The static amortization time is the ratio of the investment cost for implementation of hydronic 
balancing to the annual savings in energy costs.  
Current energy prices and expected energy price increases, as well as the interest rate for 
mortgage loans, are relevant for the calculation of energy cost savings. The energy prices for 
residential buildings are based on the data in [35]13 and have been extrapolated to the 2018 
price level. 

Table 5 Energy prices used in the calculation  

Fuel 
Per-kWh price [€/kWh] 

Single Family Multifamily 

Natural gas 0.056 0.053 

District heating 0.069 0.068 

Electricity: heat pump tariff 0.195 - 

Electricity: household tariff for auxiliary electricity 0.271 0.271 

 
The price increase and interest rate are used in accordance with Reference  [36] and its Table 
6. Regarding applicable interest rate it states: 
"For determination of the interest rate for calculation purposes, it is proposed to take into 
account both the current situation and medium-term trends up to the year 2020. Nominal in-
terest rates for construction loans with 10-year fixed interest rates have again dropped slightly 
in the last two years and are currently (as of October 2017) slightly above 1%. The forecasted 

                                                      
13 BDEW heating cost comparison for old buildings, 2017: Germany-wide annual averages for the period of Oc-
tober 2015 to September 2016. 
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increase in consumer prices in Germany in 2017 is 1.8%, following several years when it was 
below 1%.  
Taking into account the equation for determination of the interest rate: 
 
interest rate = (1 + nominal construction loan interest rate) / (1 + consumer price index) - 1 
 
a further drop in the costing interest rate to below 0% could be justified in light of the present 
situation. Nevertheless, in our view it is likely that the interest rate level will rise again when 
inflation stabilizes around 2%. 
In order to take the current situation into account, while at the same time being able to reflect 
a potential rise in interest rates in the coming years, in consultation with the client an interest 
rate of 0% is assumed." 

For the price increase with the natural gas and district heating variants, for simplicity the same 
price increase is used for auxiliary energy as for natural gas and district heating because aux-
iliary energy has only a small share.  

Table 6 Price increase and interest rate 

Price increase and interest rate 

Price increase 

Natural gas / district heating including auxil-
iary energy 

1.0% 

Electricity for heat pumps including auxiliary 
energy 

0.25% 

Interest rate 0% 

Useful lifetimes of heating systems are given in VDI 2067 Part 1 [37]. No data is included for 
the hydronic balancing of central heating systems. In [37] 10 years is stated for circulation 
pumps and 15 years for thermostatic radiator valves. Based on these system components, 
which are required for hydronic balancing, hydronic balancing can be regarded as economical 
if the amortization time is less than 15 years. 
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5.1.3 Technical solutions and cost analysis 

The following cases are distinguished for the cost-benefit analysis: 
- Static hydronic balancing 

(1) Hydronic balancing with existing pre-settable valves, thermostatic sensors 

and group balancing valves in the multi-family dwelling 

(2) Hydronic balancing with the installation of pre-settable valves and thermo-

static sensors as well as group balancing valves in the multi-family dwelling 

- Dynamic hydronic balancing 

(3) Static hydronic balancing per radiator with existing pre-settable valves, ther-

mostatic sensors and the new installation of dynamic group balancing in the 

multi-family dwelling 

(4) Hydronic balancing with the installation of dynamic valves and thermostatic 

sensors 

The costs and potential energy savings differ accordingly. As both regulated multi-speed cir-
culation pumps and regulated high-efficiency pumps may be present, two cases are consid-
ered.  
 
The cost of carrying out hydronic balancing includes the following tasks performed by a heat-
ing system specialist: 

- Data collection (radiator sizes, insulation standard, etc.) 

- Calculation or estimation of the heat load and the pre-setting values for each room 

and radiator 

- Depending on the variant:  

o Installation of new thermostatic valves and thermostatic sensors  

o Installation of static group balancing valves 

o Installation of group differential pressure controllers 

- Adjusting the thermostatic valves, pump and heating curve 

- Documentation 

- Time/cost for covering the distance to the house14 

Note: When setting up new heating systems, carrying out hydronic balancing according to the 
technical rules is mandatory. Compared to the retrofit of hydronic balancing, works are limited 
to pre-setting the thermostatic valves, because balancing is performed on the basis of readily 
available building planning as part of the installation process.  
  

                                                      
14 Here it is assumed that hydronic balancing is performed as an independent task. If other tasks are performed 
at the same time, this cost component is reduced proportionally. 
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5.1.4 Derivation of possible savings for the cost-benefit analysis 

Based on the literature analysis and the evaluation criteria according to the standard, the po-
tential savings for the residential buildings are specified for the cost-benefit analysis according 
to building type, variant and building age (existing or new); see Table 7.  
The energy saving values take into account that hydronic balancing tends to be more signifi-
cant in extended pipe networks than in small networks because the differences of pressure at 
the heating surfaces are larger. This effect is only partially captured in the evaluation according 
to the standard. Dynamic balancing has an additional advantage here because at least some 
of the relatively complex calculations are not needed. 
In addition, the standard does not adequately differentiate between heat transfer by radiators 
and surface heating for the evaluation of hydronic balancing. The values in the standard (see 
Table 3, section 4.1) were determined for radiator heating. The expected savings potential is 
lower with surface heating systems because the relationships are different to those for radia-
tor heating:  

- All floor heating circuits of a distribution manifold (per floor or apartment) have the 
same pressure available. 

- The pipe length per floor heating circuit from the distribution manifold is limited, which 
implies only small differences between the floor heating circuits. 

- Operation of floor heating systems is usually continuous. 

The energy savings for surface heating systems are also included in Table 7. There it is assumed 
that operation is continuous, physiological heat criteria are met (the temperature does not 
drop below the setpoint room temperature), and compensation measures have been taken in 
the form of higher supply temperatures, longer start-up heating times and higher pump char-
acteristic curve settings for systems that are not hydronically balanced. 
 
With variants (2) and (4), it is assumed that existing valves with thermostatic sensors have 
been replaced by new valves with new thermostatic sensors, resulting in further savings. De-
pending on the age of the existing valves, these can be as much as 7% [38]. The savings con-
sidered for Table 7 relate to existing buildings and corresponding heating systems of average 
age, and therefore to average potential savings. With even older existing systems (installed 
before 1988), larger savings can be achieved by replacing the valves and sensors15. 
 

Where a floor heating distribution manifold has no pre-setting, the manifold has to be re-
placed. As an alternative, hydronic balancing can be done with an electronic controller (e.g. 
individual room temperature control), if equipped with the necessary functionalities. This case 
is not further considered. For accurate control under part load conditions the dynamic variant 
of hydronic balancing is required. It can be achieved “in front of” the distribution manifold, 
e.g. by a differential pressure controller. For the additional energy saving no further data, be-
yond the standardized values in DIN V 18599-5, is available yet.  

In addition, electrical energy savings of 25% compared to an unbalanced system are taken 
into account for the residential buildings. 
 

                                                      
15 In DIN V 18599, this is taken into account in the determination of temperature variations. For determination 
of the final energy savings with these variantt, 4 kWh/m² per year for the single-family dwelling or 3 kWh/m² per 
year for the multi-family dwelling are included. 
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Table 7 Energy savings: balanced versus unbalanced systems in residential buildings 

Variant 

Final energy savings [kWh/m²y] 

Single-family dwelling Multi-family dwelling 

Old building New building Old building New building 

Up to 2001 2002 – 2008 Up to 2001 2002 – 2008 

(1) 

Static hydronic balancing per radiator and static group 
balancing; existing TRVs (and group balancing valves in 
the MFD) are only adjusted 

Condensing boiler and radiators 5.0 6.0 8.0 9.0 

District heating and radiators     7.0 8.0 

Static hydronic balancing per heating surface (floor 
heating) 

Heat pump and floor heating   2.5     

District heating and floor heating       5.0 

(2) 

Static balancing per radiator and static group balanc-
ing with installation of new valves/TRVs (and new 
group balancing valves in the MFD) 

Condensing boiler and radiators 9.0 10.0 11.0 12.0 

District heating and radiators     10.0 11.0 

Static hydronic balancing per heating surface (floor 
heating) 

Heat pump and floor heating   2.5     

District heating and floor heating       5.0 

(3) 
Static balancing per radiator (existing valves/TRVs) 
and dynamic group balancing with installation of new 
group differential pressure controllers 

Condensing boiler and radiators     11.0 12.0 

District heating and radiators     10.0 11.0 

(4) 
Dynamic balancing per radiator with installation of dy-
namic radiator valves and new thermostatic sensors 

Condensing boiler and radiators 13.0 14.0 15.0 16.0 

District heating and radiators     14.0 15.0 
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5.2 Results  

 
Table 8 Results of static hydronic balancing: existing pre-settable valves – 

small single-family dwelling 

 

 
Table 9 

Results of static hydronic balancing: installation of new pre-setta-
ble valves – small single-family dwelling 

 

 
Table 10 

Results of dynamic hydronic balancing: installation of new TRV with 
differential pressure controller or volume flow limiter – small sin-
gle-family dwelling 

 

 

Table 11 
Results of static hydronic balancing: existing pre-settable valves 
and group balancing valves – MFD with 40 units 
 

 

Table 12 Results of static hydronic balancing: Installation of new pre-setta-
ble valves and group balancing valves – MFD with 40 units 

 

Table 13 Results of static hydronic balancing per radiator and dynamic group 
balancing with new differential pressure controller – MFD with 40 
units 

 

Table 14 Results of dynamic hydronic balancing: installation of new TRV with 
differential pressure controller or volume flow limiter – MFD with 
40 units 
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Table 8 Results of static hydronic balancing: existing pre-settable valves – small single-family dwelling 

(1) Static hydronic balancing –  

existing pre-settable valves 

Heating system Condensing boiler and radiators 
Air/water heat pump  

+ Floor heating 

Building age class 
Old building New building New building 

Small single-family dwelling  
(heated basement) 

Up to 2001 From 2002 to 2008 From 2002 to 2008 

Current situation Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump 

Useful floor area AN m² 148.8 

Living area AWfl m² 110.0 

Specific heat savings kWh/m²a 5 6 2.5 

Absolute heat savings kWh/a 550 660 275 

Energy cost savings for heat €/a 31 37 54 

Auxiliary energy consumption without hydronic balancing kWh/a 65 30 65 30 170 90 

Potential electrical energy savings % 25% 25% 25% 

Auxiliary energy savings kWh/a 16 8 16 8 43 23 

Energy cost savings – electricity for auxiliary energy €/a 4 2 4 2 12 6 

Total energy cost savings €/a 35 33 41 39 65 60 

No hydronic balancing € 290 250 250 

Static amortization time [a] a 8.2 a 8.8 a 6.0 a 6.4 a 3.8 a 4.2 a 

Amortization period TA 

Price increase for natural gas 1.0% 

8.0 a 8.5 a 5.9 a 6.2 a 3.8 a 4.2 a Price increase for heat pump electricity 0.25% 

Interest rate 0.0% 
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Table 9 Results of static hydronic balancing: installation of new pre-settable valves – small single-family dwelling 

(2) Static hydronic balancing –  

new pre-settable valves 

Heating system Condensing boiler and radiators 
Air/water heat pump  

+ Floor heating 

Building age class 
Old building New building New building 

Small single-family dwelling  
(heated basement) 

Up to 2001 From 2002 to 2008 From 2002 to 2008 

Current situation Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump 

Useful floor area AN m² 148.8 

Living area AWfl m² 110.0 

Specific heat savings kWh/m²y 9 10 2.5 

Absolute heat savings kWh/y 990 1,100 275 

Energy cost savings for heat €/y 55 62 54 

Auxiliary energy consumption without hydronic balancing kWh/a 65 30 65 30 170 90 

Potential electrical energy savings % 25% 25% 25% 

Auxiliary energy savings kWh/a 16 8 16 8 43 23 

Energy cost savings – electricity for auxiliary energy €/a 4 2 4 2 12 6 

Total energy cost savings €/a 60 57 66 64 65 60 

No hydronic balancing € 900 700 1,500 

Static amortization time [a] a 15.0 a 15.7 a 10.6 a 11.0 a 23.0 a 25.1 a 

Amortization period TA 

Price increase for natural gas 1.0% 

14.1 a 14.6 a 10.1 a 10.5 a 22.4 a 24.4 a Price increase for heat pump electricity 0.25% 

Interest rate 0.0% 

 
 
 
  



 
Potential Energy Savings and Economic Evaluation of Hydronic Balancing in Technical Building Systems 
 

 

 
 

27 

Table 10 Results of dynamic hydronic balancing: installation of new TRV with differential pressure controller or volume flow limiter – small single-family dwelling 

(4) Dynamic hydronic balancing –  

new TRV with differential pressure controller or volume 

flow limiter  

Heating system Condensing boiler and radiators 

Building age class 
Old building New building 

Small single-family dwelling  
(heated basement) 

Up to 2001 From 2002 to 2008 

Current situation Multi-speed pump HE pump Multi-speed pump HE pump 

Useful floor area AN m² 148.8 

Living area AWfl m² 110.0 

Specific heat savings kWh/m²a 13 14 

Absolute heat savings kWh/a 1,430 1,540 

Energy cost savings for heat €/a 80 86 

Auxiliary energy consumption without hydronic balancing kWh/a 65 30 65 30 

Potential electrical energy savings % 25% 25% 

Auxiliary energy savings kWh/a 16 8 16 8 

Energy cost savings – electricity for auxiliary energy €/a 4 2 4 2 

Total energy cost savings €/a 84 82 91 88 

No hydronic balancing € 1,000 800 

Static amortization time [a] a 11.8 a 12.2 a 8.8 a 9.1 a 

Amortization period TA 
Price increase for natural gas 1.0% 

11.2 a 11.5 a 8.5 a 8.7 a 
Interest rate 0.0% 
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Table 11 Results of static hydronic balancing: existing pre-settable valves and group balancing valves – MFD with 40 units 

(1) Static hydronic balancing –  

existing pre-settable valves and group bal-

ancing valves 

Heating system Condensing boiler and radiators District heating and radiators 
District heating and floor 

heating 

Building age class 
Old building New building Old building New building New building 

Multi-family dwelling (40 residential units) 
Up to 2001 From 2002 to 2008 Up to 2001 From 2002 to 2008 From 2002 to 2008 

Current situation Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump 

Useful floor area AN m² 3,800 

Living area AWfl m² 2,850 

Specific heat savings kWh/m²a 8 9 7 8 5 

Absolute heat savings kWh/a 22,800 25,650 19,950 22,800 14,250 

Energy cost savings for heat €/a 1,208 1,359 1,357 1,550 969 

Auxiliary energy consumption without hydronic balancing kWh/a 615 390 615 390 615 390 615 390 1,470 1,135 

Potential electrical energy savings % 25% 25% 25% 25% 25% 

Auxiliary energy savings kWh/a 154 98 154 98 154 98 154 98 368 284 

Energy cost savings – electricity for auxiliary energy €/a 42 26 42 26 42 26 42 26 100 77 

Total energy cost savings €/a 1,250 1,235 1,401 1,386 1,398 1,383 1,592 1,577 1,069 1,046 

No hydronic balancing € 4,900 4,000 4,900 4,000 3,500 

Static amortization time [a] a 3.9 a 4.0 a 2.9 a 2.9 a 3.5 a 3.5 a 2.5 a 2.5 a 3.3 a 3.3 a 

Amortization period 
TA 

Price increase for natural gas / 
district heating 

1.0% 
3.9 a 3.9 a 2.8 a 2.9 a 3.5 a 3.5 a 2.5 a 2.5 a 3.2 a 3.3 a 

Interest rate 0.0% 
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Table 12 Results of static hydronic balancing: Installation of new pre-settable valves and group balancing valves – MFD with 40 units 

(2) Static hydronic balancing –  

new pre-settable valves and group balanc-

ing valves 

Heating system Condensing boiler and radiators District heating and radiators  

Building age class 
Old building New building Old building New building  

Multi-family dwelling (40 residential units) 
Up to 2001 From 2002 to 2008 Up to 2001 From 2002 to 2008  

Current situation Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump Multi-speed pump HE pump   

Useful floor area AN m² 3,800 

Living area AWfl m² 2,850 

Specific heat savings kWh/m²a 11 12 10 11  

Absolute heat savings kWh/a 31,350 34,200 28,500 31,350  

Energy cost savings for heat €/a 1,662 1,813 1,938 2,132  

Auxiliary energy consumption without hydronic balancing kWh/a 615 390 615 390 615 390 615 390   

Potential electrical energy savings % 25% 25% 25% 25%  

Auxiliary energy savings kWh/a 154 98 154 98 154 98 154 98   

Energy cost savings – electricity for auxiliary energy €/a 42 26 42 26 42 26 42 26   

Total energy cost savings €/a 1,703 1,688 1,854 1,839 1,980 1,964 2,173 2,158   

No hydronic balancing € 16,900 13,900 16,900 13,900  

Static amortization time [a] a 9.9 a 10.0 a 7.5 a 7.6 a 8.5 a 8.6 a 6.4 a 6.4 a   

Amortization period 
TA 

Price increase for natural gas / 
district heating 

1.0% 
9.5 a 9.6 a 7.3 a 7.3 a 8.2 a 8.3 a 6.2 a 6.3 a   

Interest rate 0.0% 

 
 
 
 
  



 
Potential Energy Savings and Economic Evaluation of Hydronic Balancing in Technical Building Systems 
 

 

 
 

30 

Table 13 Results of static hydronic balancing per radiator and dynamic group balancing with new differential pressure controllers – MFD with 40 units 

(3) Static hydronic balancing –  

with existing pre-settable TRVs and dynamic group 

balancing with new installation of differential pres-

sure controllers 

Heating system Condensing boiler and radiators District heating and radiators 

Building age class 
Old building New building Old building New building 

Multi-family dwelling (40 residential units) 

Up to 2001 From 2002 to 2008 Up to 2001 From 2002 to 2008 

Current situation 
Multi-speed 

pump 
HE pump 

Multi-speed 
pump 

HE pump 
Multi-speed 

pump 
HE pump 

Multi-speed 
pump 

HE pump 

Useful floor area AN m² 3,800 

Living area AWfl m² 2,850 

Specific heat savings kWh/m²a 11 12 10 11 

Absolute heat savings kWh/a 31,350 34,200 28,500 31,350 

Energy cost savings for heat €/a 1,662 1,813 1,938 2,132 

Auxiliary energy consumption without hydronic balancing kWh/a 615 390 615 390 615 390 615 390 

Potential electrical energy savings % 25% 25% 25% 25% 

Auxiliary energy savings kWh/a 154 98 154 98 154 98 154 98 

Energy cost savings – electricity for auxiliary energy €/a 42 26 42 26 42 26 42 26 

Total energy cost savings €/a 1,703 1,688 1,854 1,839 1,980 1,964 2,173 2,158 

No hydronic balancing € 6,700 6,000 6,700 6,000 

Static amortization time [a] a 3.9 a 4.0 a 3.2 a 3.3 a 3.4 a 3.4 a 2.8 a 2.8 a 

Amortization period TA 

Price increase for natural gas / district 
heating 

1.0% 
3.9 a 3.9 a 3.2 a 3.2 a 3.3 a 3.4 a 2.7 a 2.8 a 

Interest rate 0.0% 
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Table 14 Results of dynamic hydronic balancing: installation of new TRV with differential pressure controller or volume flow limiter – MFD with 40 units 

(4) Dynamic hydronic balancing –  

new TRV with differential pressure controller or vol-

ume flow limiter  

Heating system Condensing boiler and radiators District heating and radiators 

Building age class 
Old building New building Old building New building 

Multi-family dwelling (40 residential units) 

Up to 2001 From 2002 to 2008 Up to 2001 From 2002 to 2008 

Current situation 
Multi-speed 

pump 
HE pump 

Multi-speed 
pump 

HE pump 
Multi-speed 

pump 
HE pump 

Multi-speed 
pump 

HE pump 

Useful floor area AN m² 3,800 

Living area AWfl m² 2,850 

Specific heat savings kWh/m²a 15 16 14 15 

Absolute heat savings kWh/a 42,750 45,600 39,900 42,750 

Energy cost savings for heat €/a 2,266 2,417 2,713 2,907 

Auxiliary energy consumption without hydronic balancing kWh/a 615 390 615 390 615 390 615 390 

Potential electrical energy savings % 25% 25% 25% 25% 

Auxiliary energy savings kWh/a 154 98 154 98 154 98 154 98 

Energy cost savings – electricity for auxiliary energy €/a 42 26 42 26 42 26 42 26 

Total energy cost savings €/a 2,307 2,292 2,458 2,443 2,755 2,740 2,949 2,933 

No hydronic balancing € 18,700 15,100 18,700 15,100 

Static amortization time [a] a 8.1 a 8.2 a 6.1 a 6.2 a 6.8 a 6.8 a 5.1 a 5.1 a 

Amortization period TA 

Price increase for natural gas / district 
heating 

1.0% 
7.8 a 7.9 a 6.0 a 6.0 a 6.6 a 6.6 a 5.0 a 5.0 a 

Interest rate 0.0% 

 
 
 
 
 
 
 
 
 



 
Potential Energy Savings and Economic Evaluation of Hydronic Balancing in Technical Building Systems 
 

 

 
 

32 

6 Simplified estimation of potential savings at macroeconomic level 

In Germany there are at present about 18.9 million residential buildings [39], of which approx-
imately 84% are supplied by a central heating system (including district heating) [40]. Accord-
ing to the statistical evaluation in Annex B – Current statistics on implemented hydronic bal-
ancing, 85% of residential buildings do not have hydronic balancing. 
The dena Report on Buildings 2018 shows greenhouse gas emissions due to energy consump-
tion for building heating of 190.2 million t CO2 equivalent [41]. With average potential savings 
of 5 to 10%, greenhouse gas emissions could thus be reduced by 6.8 to 13.5 million tCO2_equivalent 
(see Table 15). If we take the average value of 7.5%, the potential annual reduction from com-
plete implementation of hydronic balancing in existing buildings is approximately 10 mil-
lion tCO2_equivalent. 

Table 15 Estimated total potential economic efficiency savings through hydronic balancing 

Greenhouse gas emissions from building heating  190,200,000 t CO2_equivalent [41] 

of which from central heating systems (including district heating) 83.6% 159,007,200 t CO2_equivalent [40] 

of which from not hydronically balanced central heating systems 85.0% 135,156,120 t CO2_equivalent Annex B 

Reductions in greenhouse gas emissions  
by hydronic balancing  

from 5.0% 6,757,806 t CO2_equivalent  

to 10.0% 13,515,612 t CO2_equivalent  

medium 7.5% 10,136,709 t CO2_equivalent  
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7 Conclusion 

The present study provides an assessment of of energy-related and economic impacts of 
methods for hydronic balancing. The main goal of the study is to find a realistic estimation for 
systems that achieve static and dynamic hydronic balancing. 

For this purpose, the present study is divided into two parts. The first part presents an over-
view of currently available most important literature related to hydronic balancing.  It was 
found that the available literature sources differ significantly with regard to study approach 
(simulation, measurement, field test), results, and quality of the work. The authors of this 
study therefore decided to select those sources that have been precisely balanced both ther-
modynamically and hydronically and in which the essential boundary conditions are under-
standably documented.  

Based on these criteria, it can be stated that the range of potential thermal energy savings 
documented in the literature is 0 to 15% relative to the respective initial situation. Larger var-
iations can be seen with regard to electrical savings, which lie in a range of 12 to 50%. For 
residential buildings with radiator heating, a reliable database is available for conventional 
hydronic balancing methods.  

By contrast, conclusions regarding the differentiation of potential savings for different build-
ing types and sizes, for heating surfaces integrated into building elements, and for additional 
improvements through dynamic hydronic balancing are only available to a limited extent. To 
allow a reliable conclusion with regard to economic feasibility, the values from the literature 
have been complemented by current normative values from the standards DIN V 18599 / 
EN 15316-2. This applies in particular to issues regarding system design and layout and re-
placement of control equipment and valves. 

With regard to economic issues, the analyses in the scope of the study clearly show that amor-
tization periods strongly depend on the installation expenditure. With existing pre-settable 
valves for which calculation and adjustment must be performed, the amortization time for 
existing residential buildings with radiator heating is 6 to 9 years in the single-family dwelling 
and 2.5 to 4 years in the multi-family dwelling considered in the analysis. With the multi-family 
dwelling, if dynamic group balancing with installation of new differential pressure controllers 
is carried out in addition to adjustment of existing pre-settable valves, the potential savings 
rise while the amortization times remain within comparable ranges. If the pre-settable valves 
must first be installed, the corresponding payback time for the investment increases. Larger 
savings can be achieved if dynamic hydronic balancing is carried out by the installation of 
valves with differential pressure controllers or volume flow limiters on the radiators. Despite 
higher costs, the amortization times compared to the installation of pre-settable valves drop 
to 8.5 to 12.2 years in the single-family dwelling or 5 to 8.1 years in the multi-family dwelling 
considered in the analysis. 

The evaluated statistical surveys show that approximately 85% of residential buildings in Ger-
many do not have hydronic balancing. Assuming average energy savings of 7.5%, greenhouse 
gas emissions could be reduced by approximately 10 million tCO2_equivalent per year by carrying 
out hydronic balancing. 
 
In summary, from the present study it can be concluded that hydronic balancing has a posi-
tive energy effect on the heat consumption and electrical auxiliary energy consumption of 
heating systems. The relative and absolute savings differ depending on the initial situation 
and the implemented measures for hydronic balancing. 
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Savings of 2.5 to 16 kWh/m²a16 are typically achieved for thermal energy consumption (final 
energy), and 25% for auxiliary energy consumption (electricity).  
For existing residential buildings with radiator heating and existing pre-settable thermo-
static valves, these energy savings lead to amortization times of approximately 8 to 9 years 
(single-family dwelling) or approximately 3.5 to 4 years (multi-family dwelling) for retrofit 
of hydronic balancing. The calculated useful life is 15 years. Retrofit hydronic balancing of 
an existing network is therefore economically feasible in the sense of Section 5 of the Energy 
Conservation Act (Germany).  
In new heating systems, hydronic balancing is indispensable for the installation of a heating 
system that conforms to the technical specifications. It is performed in the course of the 
necessary design and installation process. 
Dynamic hydronic balancing delivers additional potential energy savings compared to static 
balancing. If installation of new thermostatic valves is necessary for carrying out hydronic 
balancing, it results in more favourable amortization times than static balancing. 
 
Complete implementation of hydronic balancing in existing buildings would enable a poten-
tial reduction of approximately 10 million tCO2_equivalent per year. 

                                                      
16 The higher savings values also include savings arising from the replacement of thermal control valves for car-
rying out hydronic balancing. 
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9 List of symbols 

𝑏  overdimensioning factor      - 
𝑓ℎ𝑦𝑑𝑟  hydronic factor        - 

𝑐𝑝  specific heat capacity       kJ/(kg K) 

𝐶𝑃1, 𝐶𝑃2 Constants        - 
𝑒ℎ,𝑑,𝑎𝑢𝑥 expenditure factor for heating pump operation   - 
𝐸𝐸𝐼  energy efficiency index       - 
𝑓𝑒  pump efficiency factor      - 
𝐽  static amortization time      y 
�̇�  mass flow         kg/s 
𝑛  heating area exponent       - 
𝑃ℎ𝑦𝑑𝑟  hydronic output       W 

𝑝  interest rate        % 
𝑃𝑉  annual price adjustment      % 
𝑄ℎ,𝑏  heat distribution        kWh 
𝑄𝑐𝑒  heat transfer         kWh 

�̇�  heat flow         W 

�̇�ℎ,𝑚𝑎𝑥  maximum heat output      W 
q  interest factor        - 
𝑟  price adjustment factor      - 
𝑇𝐴  amortization time       a 
𝑇𝑁  calculated useful life       a 
𝑡ℎ  operating time       h 
𝑊ℎ,𝑑  electrical expenditure      kWh 
𝑊ℎ,𝑑,ℎ𝑦𝑑𝑟 hydronic energy demand      kWh 

𝛽ℎ,𝑑  hydronic load factor       - 
𝛽𝑖  thermal load factor       - 
𝜗𝑖,ℎ,𝑠𝑒𝑡  indoor setpoint temperature      °C 
𝜗𝑅  return temperature       °C 
𝜗𝑅,𝑎  average return temperature      °C 
𝜗𝑅𝐷  design return temperature      °C 
𝜗𝑆  supply temperature        °C 
𝜗𝑆,𝑎  average supply temperature       °C 

𝜗𝑆𝐷  design supply temperature       °C 
Δ𝜗   temperature difference      K 
Δ𝜗𝑐𝑒  total temperature variation      K 
Δ𝜗𝑐𝑡𝑟  temperature variation due to control deviation   K 
Δ𝜗𝑒𝑚𝑏  temperature variation due to additional heat loss   K 
Δ𝜗ℎ𝑦𝑑𝑟 temperature variation due to lack of     K 

hydronic balancing 
Δ𝜗𝑖𝑚  temperature variation due to intermittent operation  K 
Δ𝜗𝑟𝑎𝑑 temperature variation due to radiation of the    K 

heat transfer system       
Δ𝜗𝑟𝑜𝑜𝑚𝑎𝑢𝑡 temperature variation due to room automation   K 
Δ𝜗𝑠𝑡𝑟  temperature variation due to stratification    K 
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Annex A – Hydronic balancing measures according to VdZ 

In recent years an evaluation matrix for hydronic balancing was developed in the framework 

of the various activities of heating technology associations. This matrix has been published by 

the lead association for building services, VdZ, which acts a forum for energy efficiency in 

building services. The method is used as a basis for evaluation in the framework of KfW subsidy 

programs. It is briefly described below.  

There are basically two methods that can be used to achieve hydronic balancing: method A 

and method B. They are described in detail in Table 16. 

Table 16 Methods for performing hydronic balancing 
(two-pipe heating system with radiators) – individual measures 

 Method A 

(Approximation method allowed with heated 

useful floor area up to 500 m² per heating cir-

cuit equipped with a pump, differential pres-

sure controller or flow controller; see also tech-

nical rules, minimum output) 

Method B 

(usually: software calculation, for all system 
sizes; see also technical rules, recom-
mended) 

For use with subsidy 
measures: 

Approved for:  
- Replacement of heat generator 
- Heating optimization 
- Insulation upgrades 

Required for:  
- Heating package  

Services to be docu-
mented: 

- Determination of heating surface flows 
based on estimated heat load (according to 
building age class (W/m²), installed heating 
surface size, etc.) 

- Thermostatic valves with conventional pre-
setting: Determination of pre-set values by 
means of heating surface flow and assumed 
differential pressure 

- Thermostatic valve with automatic flow lim-
iting: Pre-set value = determined heating 
surface flow 

- Approximate determination of:  
o System temperature 
o Pump head 
o Total flow 
o Settings for group valves 

and/or differential pres-
sure controllers, as appro-
priate 

- Room-by-room heat load calculation 
based on EN 12831 and relevant supple-
ments. Simplifications are possible (e.g. 
U values based on types) 

- Heating surface layout: Calculation of 
heating surface flows depending on the 
design flow and return temperatures 
and heating surface sizes 

- Determination (usually by pipe network 
calculation) of:  
o Pre-set values for thermostatic 

valves 
o Pump head 
o Total flow 
o As appropriate, settings of group 

valves and/or differential pressure 
controllers 

o Optimization of supply tempera-
ture for heating surfaces in existing 
buildings 

- If the majority of the existing piping in-
stallation is concealed, the pre-set val-
ues can be determined based on as-
sumed pipe lengths and nominal diame-
ters. 
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Specifically for floor heating installations and single-pipe heating systems, additional require-

ments are stated: 

Services to be documented with single-pipe heating systems: 

- Determination of individual single-pipe heating circuit flows: The heat load is deter-

mined according to the building age class (method A) or according to method B. 

- Balancing of the single-pipe heating circuit by means of flow limiting or flow regulation 

and return temperature limiting 

- Determination of the necessary pump head and the total flow 

- Adjusting the heating circuit circulation pump(s) 

- Exposed pipes must be insulated (check eligibility of the relevant subsidy program) 

- Note: Changing to a two-pipe system with radiators is recommended and is eligible for 

a subsidy 

 

Services to be documented with floor heating: 

- The individual heating circuits must be equipped with pre-settable balancing equip-

ment, volume flow sensors, or flow regulators or limiters. 

- Method A or method B is used. 

 

In addition to the described methods, technical guidelines for carrying out hydronic balancing 

in non-residential buildings and efficiency houses (new construction) are available from VdZ. 

They fit into the Table 6 scheme. 
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Annex B – Current statistics on implemented hydronic balancing 

In the scope of a statistical survey conducted by the Internet portal www.energiesparclub.de 

and co2online gGmbH, 23,000 buildings were analyzed with regard to hydronic balancing. The 

share of buildings with hydronic balancing per German federal state is shown in Table 17. The 

number of residential buildings per federal state with hydronic balancing in all of Germany has 

been determined by Destatis [39]. 

Table 17 Percentage of buildings with hydronic balancing 

Federal state 
Percentage of build-
ings with hydronic 

balancing 

Total number of 
residential build-

ings 

Number of resi-
dential buildings 

with hydronic bal-
ancing 

Saxony 24.3% 822,586 199,888 

Brandenburg 20.7% 665,899 137,841 

Thuringia 19.0% 528,318 100,380 

Mecklenburg-West Pomerania 18.6% 392,676 73,038 

Saxony-Anhalt 18.5% 574,780 106,334 

Berlin 16.0% 324,681 51,949 

Rhineland-Palatinate 15.6% 1,181,157 184,260 

Baden-Württemberg 15.3% 2,414,446 369,410 

Bavaria 15.3% 3,040,234 465,156 

Hessen 15.2% 1,387,704 210,931 

Hamburg 15.1% 250,872 37,882 

Saarland 15.0% 304,717 45,708 

North Rhine-Westphalia 13.6% 3,868,712 526,145 

Schleswig-Holstein 12.4% 815,222 101,088 

Lower Saxony 12.1% 2,236,433 270,608 

Bremen 11.8% 139,544 16,466 

Percentage of residential buildings in Germany with hydronic bal-
ancing  
(rounded) 

18,947,981 2,897,085 

15% 

Based on these statistics, it can be shown that in the entire federal territory there is still con-

siderable potential with buildings where hydronic balancing can be carried out. It can also be 

seen that in the former East German states there is a higher percentage of buildings where 

hydronic balancing has been carried out, due to the many new buildings constructed after the 

reunification. 


