
 

  

 

Aalborg Universitet

CLIMA 2016 - proceedings of the 12th REHVA World Congress

volume 4

Heiselberg, Per Kvols

Publication date:
2016

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Heiselberg, P. K. (Ed.) (2016). CLIMA 2016 - proceedings of the 12th REHVA World Congress: volume 4.
Department of Civil Engineering, Aalborg University.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            - Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            - You may not further distribute the material or use it for any profit-making activity or commercial gain
            - You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at vbn@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: May 23, 2023

https://vbn.aau.dk/en/publications/de565fc8-1955-4a9c-8146-f55cf1c5a13c


Storage Water Heaters Design Optimization in Apartment 
Buildings 

Ing. Zuzana Čermanová, PhD*1, doc. Ing. Jana Peráčková PhD.#2, Ing. Lenka 
Jágerská#3 

#
 Department of Building Services, Faculty of Civil Engineering, 

Slovak University of Technology, 
Radlinského 11, 810 05 Bratislava 

2jana.perackova@stuba.sk  
3
 jagerska.lenka@gmail.com  

*
 Termocom, s.r.o., Kladnianska 12, 

821 05 Bratislava 
1zuzi.cermanova@gmail.com

Abstract 
The paper is focused on the optimization and developing of design methodologies of 
storage water heaters for apartment buildings determined by experimental 
measurements in the different apartment buildings in Slovakia. The hourly maximum 
consumption of hot water in different apartment houses, the average hourly 
maximum of domestic hot water requirements determined for one person and energy 
balance of the domestic hot water system were found out by experimental 
measurements. Design methodology is composed of two steps. The first step is 
volume design of storage water heater and the second step is its power requirement 
design. This design methodology seems to be more accurate than the methodology of 
domestic hot water storage design in the Slovak Technical Standard currently in 
force. The proposed methodology better reflects the current demands of domestic 
hot water preparation in apartment buildings in Slovakia. 

Keywords - water storage, domestic hot water, apartment buildings, design 
methodology 

1. The Design Method of Storage Water Heaters in the 
Apartment Building by Hot Water Consumption  

To make a correct design of storage water heater in an apartment 
building, it is necessary to know the real hot water consumption in the 
building. In research of the authors, the hour consumption of hot water 
during one year was measured in four different apartment buildings in 
Bratislava. The conclusion of experimental measurement was that the highest 
hot water consumption was on Sunday from 21:00 to 22:00. This average 
hourly maximum hot water consumption is set on 1 occupant of apartment 
building and is changing by the number of occupants. In the apartment 
building with 150 occupants, it is 4.5 l/pers. In the apartment building with 
300 occupants the average hourly maximum hot water consumption is 4.0 



l/pers. The current constructions of storage water heaters enable to achieve 
sufficient power, to be able to heat up the required volume of hot water in 1 
hour. Therefore, it is suitable to design the storage water heaters according to 
the real water consumption in apartment building used up in 1 hour. 

 
2.1. The Mathematical Model of Design the Volume of Storage 

Water Heaters in Apartment Buildings by Hot Water 
Consumption 

 
The volume of storage water heater Vz is calculated by formula 1.1 [1]: 

 
   (l)  (1.1) 
where: 
Vz  - volume of storage water heater (l), 
n  - number of occupants in apartment building, 
qmax  - the average hourly maximum hot water requirement set on  
1 occupant in apartment building  (l/pers. h), qmax depends on the number of 
occupants in apartment building,  

• to 150 occupants , qmax = 4.50 l/pers. h,  
• from 150 to 250 occupants, qmax = 4.25 l/pers. h,  
• from 250 to 300 occupants, qmax = 4.00 l/pers. h,  

τ - heating time (h), was chosen τ =1 h. 
 
Note: 
The value of the average hourly maximum hot water requirement qmax set on 
1 occupant of apartment building comes out from experimental 
measurements in four different apartment buildings during one year, where 
the number of occupants was from 150 to 300 persons. The value of qmax 
would be more precious, if the experimental measurements of average hourly 
hot water consumption were made on higher amount of different apartment 
buildings with different number of occupants.  
 
2.1. The Methodology for Determining the Power Requirements of 

Storage Water Heaters in Apartment Buildings 
 
For the correct design of storage water heaters, it is necessary to know the 
energy balance of preparation and distribution of hot water in the apartment 
building. The following types of energy need to be known: 

• the energy delivered to the system for heating the water on the 
primary side; 

• the energy delivered to the system for heating the water on the 
secondary side; 



• the energy lost in circulation and in distribution system of hot 
water; 

• the energy required to heat the hot water really consumed. 
 

The energy delivered to the system for heating the water on the primary side 
is the total energy, which was delivered to the system for preparing hot water 
from heat supplier or directly from heating plant. The energy delivered to the 
system for heating the water on the secondary side is energy lost in 
circulation and in distribution system of hot water and energy required to 
heat the hot water really consumed. Fraction between energy delivered to the 
system for heating the water on the primary side and on the secondary side 
can be evaluated as the efficiency of the system. To determine the power 
requirements of storage water heaters, it is necessary to know the energy 
delivered to the system for heating the water on the primary side, as well as 
the time of heating. 
 
The power requirements of storage water heaters P (W) on the secondary 
side is calculated by formula 1.2 [1]: 
 

  (W)  (1.2) 

 
where: 
VZ - volume of storage water heater (m3), 
ρ - the density of water (kg/m³), at 60 °C ρ = 983.15 kg/m³, 
c - the specific heat capacity of water (Wh/kg .K), at 60 °C  

c = 1.1622 Wh/kg .K, 
θ1  - temperature of heating water in feed piping (K),  
θ2 - temperature of heating water in return piping (K), 
xE2TV - fraction of energy required to heat the real hot water consumption to 

energy delivered to the system for heating the water on the secondary 
side, xE2TV depends on thickness of heat insulation in distribution 
system.  
• if the thickness of insulation is  ≤ 10, xE2TV  = 0.70, 
• if the thickness of insulation is  ≥ 10 mm and  ≤ DN of pipes, 

xE2TV  = 0.85, 
• if the thickness of insulation is  ≥ DN of pipes, xE2TV  = 0.95. 

τ - heating time (h), was chosen τ =1 h,  
η    - efficiency of hot water heating, different efficiency depends on 

different types of heating the hot water, it is recommended to chose 
from annex no.2 Decree no. 625/2006, implementing the Act. 300/2012  



Energy performance of buildings, Tab.1. 

Tab. 1 Efficiency of hot water heating  
for different sources of power in accordance to Decree no. 625/2006 

Source of power The process of transformation Efficiency 

(%) 

Natural gas Standard boiler - old 83 

Standard boiler - new 88 

Low temperature boiler - old 90 

Low temperature boiler - new 93 

Condensing boiler - new 98, 5 

Coke coal Solid fuel boiler 74 

Coal assorted Solid fuel boiler 72 

Lignite, Brown coal assorted Solid fuel boiler 68 

Light fuel oil Standard boiler - old 80 

Standard boiler - new 85 

Low temperature boiler - old 86 

Low temperature boiler - new 91 

Electricity Electric heating 99 

Electric hot water heating 99 

Wooden pellets Biomass boiler 85 

Wooden chips Biomass boiler 76 

Lump wood Biomass boiler 68 

Lump wood Biomass boiler with gasification 83 

Electricity Heat pump - water, air, land  

(electric motor) 

270 

 
The power requirement of storage water heater P (W) on the primary side is 
calculated by formula 1.3: 
 

 � (W) (1.3) 

where: 
E1 - the energy delivered to the system for heating the water on the 

primary side (Wh), 
τ    - heating time (h), was chosen τ = 1 h. 
 
The energy delivered to the system for heating the water on the primary side 
E1 (Wh) is calculated by formula 1.4: 
 



 � (Wh) (1.4) 

where:  
E2  - the energy delivered to the system for heating the water on the 

secondary side (Wh), 
η    - efficiency of hot water heating, Tab.1. 
 
The energy delivered to the system for heating the water on the secondary 
side E2 (Wh) is calculated by formula 1.5: 
 
  (Wh)  (1.5) 
where:  
E2Z - the energy required to heat the hot water is the storage water heater 
(Wh), 
E2D - the energy required to cover energy losses in distribution system of 
hot water (Wh). 
 
The energy required to heat the hot water in storage water heater E2Z (Wh) is 
calculated: 
 
  (Wh)  (1.6) 
 
where:  
c - the specific heat capacity of water (Wh/kg .K), at 60 °C c = 1.1622 

Wh/kg .K, 
mZ - weight of water in storage water heater (kg), 
θ 1 - temperature of heating water in feed piping (K),  
θ2 - temperature of heating water in return piping (K). 
 
Weight of water in storage water heater mZ (kg) is calculated: 
 
  (kg)  (1.7) 
 
where: 
ρ - the density of water (kg/m³), at 60 °C  ρ = 983.15 kg/m³, 
VZ - volume of storage water heater (m3) calculated by formula 1.1. 
 
E2D - the energy required to cover the energy losses in distribution system 
of hot water could be calculated exactly by the standard STN EN 15316-3-2, 
but the calculation process by this standard is very difficult. It takes in 
consideration the lengths and dimensions of pipes in every part of the system 



and also the thickness of heat insulations and some more parameters. 
 
The fraction between energy required to heat the hot water really consumed 
and the energy lost in distribution system of hot water and total energy 
delivered to system was determined for five apartment buildings with 
different distribution system by the experimental measurements. The 
measurements showed that in the considered apartment buildings the energy 
delivered to the system for heating the water on the secondary side is divided 
approximately 50 % to energy lost in distribution system and 50 % to heat 
the hot water really consumed. But in the time of maximum hot water 
withdrawal, the fraction between energies in system is divided 15 % to 
energy lost in distribution system and 85 % to energy required to heat the hot 
water really consumed.  
The percentage of heat loses in distribution system depends on quality and 
thickness of heat insulation of hot water piping. Therefore, the proposal in 
the calculation process is to consider that to the energy delivered to system 
for heating the water on the secondary side with thickness of insulation max. 
10 mm is divided 30 % to energy for heat loses in distribution system and 70 
% to energy for heating the water really consumed and with thickness of 
insulation more than 10 mm is divided 15 % to energy for heat loses in 
distribution system and 85 % to energy for heating the water really 
consumed. When the heat insulation is thicker or the same as the dimension 
of the pipe, the energy is divided 5 % to energy for heat loses in distribution 
system and 95 % to energy for heating the water really consumed. 
 
   (Wh)  (1.8) 

  (Wh)  (1.9) 

   (Wh) (1.10) 
 
Energy delivered to the system to heat the hot water on the secondary side E2 
(Wh) is calculated:  
 

 ��

����

  (Wh)   (1.12) 

 
where: 
xE2TV - fraction of energy required to heat the real hot water consumption to 
energy delivered to the system for heating the water on the secondary side, 
xE2TV depends on thickness of heat insulation in distribution system, 

• if the thickness of insulation is ≤ 10, xE2TV  = 0.70, 
• if the thickness is ≥ 10 mm and ≤ DN of pipes, xE2TV  = 0.85, 



• if the thickness of insulation is ≥ DN of pipes, xE2TV  = 0.95. 

2. The Example of Design of the Storage Water Heater According 
to the Consumption of Hot Water 

Hot water is prepared in storage water heater by indirect heating of the 
condensing boiler in apartment buildings with 200 occupants. Distribution 
system exists, poorly insulated. 
 
Solution: 
The volume of storage water heater designed by (1.1): 
� �	
  
�  
�

� 
 
where: 
Vz  - volume of storage water heater (m3), 
n  - number of occupants in apartment building, 
qmax  - the average hourly maximum hot water requirement set on  
1 occupant in apartment building  (l/pers. h), in apartment building from 150 
to 250 occupants was chosen qmax = 4.25 l/pers. h,  
τ - heating time (h), was chosen τ =1 h. 
 
The power requirements of storage water heater designed by (1.2): 
 

� � 

���

 

 

 

 
 

 
where: 
VZ - volume of storage water heater (m3), 
ρ - the density of water (kg/m³), at 60 °C ρ = 983.15 kg/m³, 
c - the specific heat capacity of water , at 60 °C c = 1.1622 Wh/kg .K, 
θ1  - temperature of heating water in feed piping (K), θ1 = 55 °C, 
θ2 - temperature of heating water in return piping (K), θ1 = 10 °C, 
xE2TV - depends on thickness of heat insulation in distribution system, if the 
thickness of insulation is ≤ 10, xE2TV = 0.70, 
η    - efficiency of hot water heating, Condensing boiler – η = 0.985, 



τ - heating time (h), was chosen τ =1 h. 
 
The suitable volume of storage water heater in apartment building with  
200 occupants is 850 liters and power requirement 63.38 kW. 

2.1. The design comparison of storage water heater by different 
regulations 

The result of storage water heater design for apartment building with  
200 occupants by STN 06 0320, ČSN 06 0320 and DIN 4708 is shown 
in Tab. 2. 

Tab.2   The design comparison of storage water heater by different regulations 

Methodology Volume of storage 
water heater  

(l) 

Power requirements 
(kW) 

STN 06 0320 5,956.0 134.10 
ČSN 06 0320 5,700.0 53.70 
DIN 4780, N = 53 1,623.4 62.50 

New design 
methodology by hot 
water consumption,  
qmax=4,25 l/os.d 

850.0 

xE2TV = 0,70 63.38 

xE2TV = 0,85 52.20 

xE2TV = 0,95 46.70 

 
The volume of storage water heater calculated by the new methodology is 
the most approaching to calculation by DIN, but the power requirements are 
higher in comparison with DIN and ČSN, what is shown in Tab. 2. 

3. Discusion 

Currently, designers have to decide, which design methodology to use to 
design the storage water heater in apartment buildings. They mostly design 
according to their own experience - empirically or by technical documents 
from heaters manufacturers. Technical standard STN 06 0320 (1986) for 
storage water heater design is not used anymore, the volumes of storage 
water heaters are oversized. Calculation by this standard is based on number 
of occupants, heating time in storage, type of storage construction and 
operation of building. The calculation of storage power requirements is very 
inexact. It is based only on a number of occupants in the apartment 
building, but does not consider the volume of storage and the time of 
heating, which is the most important in the design process. 
The calculation of storage water heater by ČSN 06 0320 (2006) is based on 
the number of occupants and theoretical energy required to heat the hot 



water for 1 occupant, but does not take in consideration energy loses in the 
heating hot water system and the distribution of hot water. Daily energy 
requirement is divided in two periods and graphically elaborate the curve of 
heat loses. The volume of storage water heater is designed by the difference 
between heat delivery and heat consumption. The rated thermal output is 
also determined as fraction between heat delivered to water by heater in 
period of time and the length of period. It was determined all day as the 
length of period.  
According to the German technical standard DIN 4708 the storage water 
heater is determined by a characteristic number of consumption N. The 
volume of storage is determined by this number empirically from technical 
document of the catalogue value of NL. The calculation of characteristic 
number of consumption N is based on the heat requirement from one 
delivery point and from number of occupants. 

4. Conclusion 

New methodology of design of the storage water heaters for apartment 
buildings by the hot water consumption is based on the maximum hot water 
requirement set on 1 occupant of the apartment building and depends on the 
number of occupants in the apartment building. The power requirement of 
storage water heaters is based on calorimeter equation, the efficiency of the 
hot water heater and the heat insulation of distribution system. This new 
methodology seems to be optimal and describes the current requirements for 
heating of the hot water in apartment buildings in Slovakia in comparison to 
the currently valid Slovak standard STN 06 0320. 
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