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Abstract

This paper deals with the proper design and dimensioning
of Domestic Hot Water (DHW) systems in residential
care centres. A basis for the optimisation of the design is
created through the development of a flexible and
parametric simulation tool in Modelica that can be used in
the design phase. An extensive design study and research
into parameters and characteristics concerning the
building, system and demand led to assumptions of
average values and data to fill in the still unknown
information at this stage of the design phase. Together
with the integration of the general methods of
dimensioning, the simulation tool can function with only
a limited number of input data and is therefore optimal to
be used in the design phase of DHW systems of residential
care centres and, in extension, other public buildings. The
design tool can have the potential to be of great
importance in their optimisation and in the definition of
energy-saving methodologies.

Key Innovations

o Development of combined design and
simulation tool for domestic hot water systems
in residential care centres

e Integration of  automatic
dimensioning of system

Practical Implications

The developed simulation tool provides the correct sizing
for all elements of a domestic hot water system, allowing
certain design proposals to be concretised and obtaining
more control on the energy use. This can guarantee to
make an informed choice for the specific configuration of
the domestic hot water system in the preliminary design
phase. The simulation tool shows that the difference in
configurations of distribution systems in residential care
centres can correspond to up to 16,54% less energy use.

Introduction

Domestic Hot Water (DHW) is an important building
service in residential buildings such as dwellings and
apartments as well as in public building typologies such
as residential care centres, hotels, sport facilities,
hospitals etc. (Stout and Murder, 2004).

The tightening of energy performance requirements
effectuates the ever-improving energy efficiency in
buildings. Among others, the insulation level and the air-
tightness of the building envelope have evolved

sizing and

considerably. Only in the field of DHW, there is
comparatively little innovation. The energy demand for
DHW remained nearly unaltered over the years and
consequently starts to represent an important share of the
total energy demand of buildings (Rogatty, 2003;
Bertrand et al, 2017) (Figure 1). One of the main reasons
for this high energy demand is the fact that DHW is
produced, stored and distributed at temperatures above
55-60°C to mitigate the risk of a Legionella pneumophila
contamination of the system (Stout et al, 1986; Van den
Abeele et al, 2017). This ‘restrictive’ rule also facilitates
the fairly conservative nature of the entire sector. It is a
domain with comparably little research and innovation,
certainly concerning public building typologies (Fuentes
et al, 2017). In addition, few clear and unambiguous
guidelines are available regarding the dimensioning of
DHW systems.
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Figure 1: Contribution of DHW energy demand to total
energy use of households (SFH: single-family house,
MFH: multi-family house, MUB: mixed-use building)

(Adapted from Bertrand et al, 2017).

Regarding the building design, more attention should be
paid to the optimisation of DHW systems. As there are
many degrees of freedom concerning the configuration of
these systems, tools that allow to make an informed
choice for the specific configuration of the DHW system
at an early stage can be of great importance. Whereas
previously only health and comfort-related aspects were
considered as important, nowadays energy use plays a
crucial role as well. Concretizing performance factors of
certain design proposals in the early phase can be useful.
Normally, dimensioning is only done at a later stage of
the design, at a time when modifications to the design
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already entail major implications and therefore are often
no longer possible. There are no tools available, which
cover the entire DHW system in public buildings and are
at the same time both a dimensioning and simulation tool.
The available dimensioning tools are only applicable at a
later design stage (liNear, 2020; Data Design System,
2019).

Objectives

This paper describes the research conducted by Holvoet
(2019). It attempts to provide a basis for the reduction of
the energy demand for DHW by the development of a
parametric simulation tool that can be used in the design
phase. The simulation model is not aimed at the
simulation of one specific case but is developed
parametrically. The tool focuses on the first phase of the
design and tries to concretize this process. The aim is to
enable utilisation of the simulation tool for the assessment
of design decisions, for the optimization of the design and
even for the definition of energy-saving methods.

Field of research

The research considers public building typologies in
general. However, the typology of residential care centres
is used as example and as medium for the development of
the model and for the demonstration of the opportunities.
The simulation tool is fully developed for residential care
centres. Digression to sports halls and hotels shows that it
can be expanded for other public type buildings (Holvoet,
2019). All these typologies have an extensive water use,
which means that any energy savings can be of great
importance. At the same time, these are risk sectors for
Legionella contamination, which makes increased
attention regarding the design of DHW systems even
more important (Van den Abeele et al, 2017).

Methodology

The simulation model is written in the Modelica language
and compiled in the Dymola environment.

In order to succeed in the objective, i.e. the development
of a tool that can be used in the first design phase and that
can quickly give results and insights, it should be ensured
that the simulation model requires as little input data as
possible. In the early design stage, detailed data is
generally not yet available and a detailed dimensioning is
not yet carried out. Having to enter a large number of
input parameters is therefore detrimental for an easy use
of the tool in this first stage of the design.

All of this implies the necessity to ensure that as much as
possible is determined and calculated automatically.
Moreover, there is also strong commitment to the user-
friendliness of the model.

The above is achieved through a two-way approach
(Figure 2).

Firstly, automation is accomplished through assumptions
of average values, data and trends to replace information
that is still unknown at the early design stage. This is made
possible by an extensive design study and research into
parameters and characteristics concerning building,
system and hot water demand. Through the selection of

numerous relevant projects and through research thereof
in terms of plan, building, distribution system, production
system and dimensioning, a geometric analysis and an
analysis of the current practice of DHW systems in the
Flemish architectural landscape is formed. The
investigation of the cases is supplemented with data from
a literature review.
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Figure 2: Diagram of the followed methodology.

Secondly, the general methodologies for the
dimensioning of DHW systems are integrated, to the
extent possible, into the simulation model itself. Complex
functions and algorithms are being developed. A
complete insight into the methods of dimensioning is
therefore required. The analysis, interpretation and
comparison of standards, guidelines and other documents
related to DHW systems in general and specifically for
these buildings typologies, is an important theme. The
paper deals with the topic from a Flemish/Belgian
context. The method for dimensioning the distribution
network, the generation system and buffer vessels is
integrated into the model.

Tests and simulations are carried out to illustrate the
operation and capabilities of the simulation tool and to
check its potential for the definition of optimisation
strategies, design guidelines and energy savings.

Through the average values of the analysed parameters,
characteristics and areas, a representative "average" type
plan of the building typology is also determined. The tool
is then finally used for the simulation of that average type
building. The different types of floor plan layout and
distribution systems, which were defined through
observations from the analysis, are applied, simulated and
compared.

Results and discussion

The various methodologies and building-specific
parameters derived from the analysis play an important
role. Automation is required regarding the following
aspects: sizing of distribution and recirculation pipes, pipe
length and material, degree of insulation of pipes and
boiler, dimensioning of the production of hot water and
circulation pump, hydraulic balance, the number and type
of taps, tap profiles and hot water use.

i " LITERATURE REVIEW

AVERAGE BUILDING
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Holvoet (2019) comprises a specification of the research
of each aspect and a description of its integration into the
model. The most important guidelines and standards used
and integrated are the Best Available Technical Measures
(‘BBT’) (Kreps et al, 2007; Van den Abeele et al, 2017),
and DIN 1988-300:2012 (Deutsches Institut fir
Normung, 2012).

Residential care centres

Thereafter, an extensive design study for residential care
centres was carried out and research was conducted into
parameters and characteristics regarding the building,
distribution system and water use. Each time, correlations
and links between system and building are explored,
which can then be included in the model.

A few examples of derived data which are very useful for
simulation are the number of rooms per central bathroom
(22,04), the number of rooms per living group (14,23) and
the average distance between two pipe shafts (8,6m)
(Figure 3). For example, the average value of the latter
can then be assumed for the length of the horizontal pipe
sections and, based on the number of rooms, a number of
central bathrooms can be simulated automatically.
Average distance between shafts [m]

1 2 3 4 5 6 7 8 3% 0 M R T

Case number [-]

Figure 3: Correlation of the average distance between
two shafts.

The study of the 13 cases of residential care centres also
indicates some recurring floor plan layouts. Based on this
information, two representative average type plans, one
for each recurring organisation form (i.e. the linear
typology and a plan layout around an inner area or patio),
are developed (Figure 4, Figure 5).

Sleep/living room

Central living area

Nursing posts, meeting rooms.
Sanitary

Storage

Storage with sanitary equipment
Circulation/hallways

Vertical circulation

Outdoor spaces (terraces, patios. )

Figure 4: Representative ‘average’ type plans; linear
typology and courtyard typology.
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Number of floor levels 3
Total surface area 9440m?
Number of rooms 116
Surface area of single bedroom 24.07m?
Number of rooms in one living group 14
Number of central bathrooms 5

Figure 5: Selection of some of the characteristics of the
average plan types.
The research shows that the DHW distribution systems

can be of a complex nature. Three different types of
distribution systems can be derived (Figure 6).
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Figure 6: Simplified representation of the various
derived types of DHW recirculation systems in
residential care centres.

Simulation model

The gathered information is then used for the further
development of the generic simulation tool.

The software package Dymola (Dynamic Modelling
Laboratory) has been chosen for the construction and
compilation of the hydraulic models. This software is
based on the Modelica modelling language.

Model libraries are available in various engineering
domains. In addition to the standard Modelica Library
3.2.2, the OpenIDEAS 1.0.0 (Jorissen et al, 2018) and
Buildings 5.0.1 libraries (Wetter et al, 2014) are used to
build the models for DHW. Most of the used system
components come from the Buildings library.

The simulation tool is developed in Dymola by the
construction of various sub-models. The sub-models
reduce the complexity of the distribution systems to the
recurring basic structures. On basis of these sub-models,
the different types of distribution systems and
combinations of them can be constructed for each type of
building (Figure 7). Each sub-model comes with the
necessary input parameters and options.

The sub-models are built via various existing classes.
There are always five layers, each representing a different
aspect. The ‘diagram layer’ shows the most important
content of the class, i.e. the used components, the
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connectors and the connections between the components.
The ‘icon layer’ represents the class graphically when it
is used as a component or connector in another model.
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Figure 7: Example of Dymola diagram and icon-layer of
sub-models of the distribution type with vertical shafts
and simplified schematic representation of this type.

As the model should be parametric, a major challenge
consists of having components added on command,
without the need to define and implement them yourself,
and this in response to changing input parameters. If, for
example, it is specified that there are a certain number of
floors, then the number of pipes, T-sections, taps etc.
should automatically be placed in the model.

A solution for this is found in working with
multidimensional arrays. It is possible to define
multidimensional arrays of components where X' number
of equal components are built. This number can then be a
function of, for example, the number of floors. Dymola
imposes a restriction that each component in each array
must be of the same type, meaning that the specification

of the different properties of the components in the array
must be the same. However, differentiation can be
achieved by the definition of the properties of these
components by means of variable functions.

Dymola is open for user-modified model components.
This makes it possible to implement complex sequences
of algorithms for certain parameters. Consequently, the
methodologies for dimensioning can be almost fully
automated and pre-programmed.

An important aspect that enhances the user-friendliness of
the simulation tool is the use of the record class in
Dymola. In a record, the values of parameters are
collected. On the basis of these values, the structure of the
sub-model is automatically adjusted. As a result, the user
only has to enter the specific input parameters at the
record level in order to modify them in all the formulas of
the complete model. The use of records allows the user to
quickly add configurations and specifications.
Consequently, the simulation model can effortlessly be
refined if more specific information is known at a later
stage.

In order to make the model easy to use for designers, there
is also a method created to obtain simple visual support.
This is achieved by pre-programming the ‘icon layer' in
Dymola via the ‘text layer’. In this way, the ‘icon-layer'
automatically creates the graphical representations that
indicate what the model does. When changes are made to
the system structure, the graphical representation is
adjusted automatically.

In the end, 23 sub-models were built, resulting in a total
of 70 000 programming lines.

Solely the main distribution, i.e. the connections between
the different sub-models, must be built up manually.
Generalisation is not feasible here as the main distribution
is strongly dependent on the overall structure of
floorplan/distribution system and of the sub-models.
Therefore, the own system components, which are already
present in the basis model, can be used (Figure 8). These
have specifically been developed to make the creation of
the main distribution user-friendly. This basis model can
be used to start building the simulation model (Figure 9).

W

Record

-.%
5 boiler

Figure 8: Basis model with production section and
system components.
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Figure 9: Example of diagram-layer in Dymola of a simulation model with different sub-models.

Tap profiles

The research shows that there's a lack of review studies
considering the analysis of hot water use in building types
other than residential. Specific usage profiles, based on
measurements over a long period of time, are not available
for this type of tertiary building. It was therefore required
to build use profiles for the different taps itself. Holvoet
(2019) developed these from various data resulting from
the own design study and from literature study, standards,
and dimensioning guidelines (Van Hulle et al, 2018;
Deutsches Institut fir Normung, 2012; ISSO, 2013;
AICVF, 2004). Specific tap profiles are created for the
washbasins and the showers in the rooms and for the baths
in the central bathrooms (Figure 10). It is also possible to
parameterize these and make them responsive to a certain
number of input parameters (i.e. start time, period of use
etc.). The greater complexity prevent this to be done for
the other types of use.

3000 Cumulative DHW use

2500 A
2000 1
1500 4
1000 A
500 4

0 I e e e L I o o S o o o o o o

01234567 8910112131415161718192021222324
Washbasins all rooms - period 1 Time [h]

Washbasins all rooms - period 2

Total DHW use central bathrooms

BBT-profile of total DHW use

Total DHW use for washing

Residual DHW use (difference)

Figure 10: Representation of the created use profiles by
their cumulative DHW use at 60°C for a residential care
centre with 70 rooms.

Simulation

The obtained simulation tool can be used with only a
minimum knowledge of the structure of the building and
the general configuration of the DHW distribution
system. Only the number of floors and the number of
rooms must be entered, next to the basis configuration of
the sub-models.

In addition, all parameters that are not required to be
entered are collected in a 'secondary’ record. These were
assumed from all kinds of research and analysis
(Deutsches Institut fir Normung, 2012; Van den Abeele
etal, 2017; Kreps et al, 2007; AICVF, 2004; NBN, 2017).
If more specific information is known or if there is
knowledge of data that strongly deviate from the
assumptions, these parameters can easily be adjusted. In
this way, the model can be refined at later stages of the
design. Moreover, if a larger number of studies and more
research is available in this sector, average values and
assumptions can easily be refined as well.

With the tool, a simulation model was built for the DHW
system of the only residential care centre for which
measurements of DHW consumption could be found
(WTCB, 2014). It is evident that more measurements are
required for specific validation. The case contains 102
single bedrooms with showers and 3 central bathrooms.
Since no information is known about the hot water
distribution system in this building, the comparison of the
results can only be done on the basis of DHW use and
peak flow rates.

The graphs below show respectively the results of the
measurements of one day and the results of the simulation
of the virtual model (Figure 11). The comparison shows a
similar period with peak flow rates, which are also of the
same order of magnitude.

The supply and, consequently, the return temperature are
set higher, but more correctly in the model.
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Figure 11: Graph of results of measurements of DHW
use of one day in an elderly care centre with 102 single
bed rooms (WTCB, 2014) and graph of simulation
results.

The aim of the other simulations carried out by Holvoet
(2019) is to demonstrate the operation and possibilities of
the simulation model. The different derived types of
distribution systems are applied to the derived average
type plans (Figure 4; Figure 5) and simulated. The
simulation time for an average residential care centre with
116 rooms, remains limited to 20 to 38 minutes to
simulate three days, depending on the distribution type
and the number of sub-models used.

The difference in configurations of distribution systems
can correspond to up to 16,54% less energy use, regarding
the developed type plans for residential care centres
(Figure 12). In general, it can be presumed that the
optimum configuration is building-dependent and case-
specific. However, to arrive to specific conclusions, a
considerably larger number of simulations and
experiments is needed. Nevertheless, it can be concluded
that for both types of plans, the distribution type with
vertical single pipes scores best in terms of energy use.
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Courtyard - Vertical single pipe
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Figure 12: Comparison of the cumulative energy uses

for the different simulated floor plan layouts and
distribution systems.

Opportunities

With the simulation tool, the performance factors of
certain proposals can be concretised in the design phase
and more control can be obtained on the energy use on the
basis of relevant indicators. This can allow to make an
informed choice for the specific configuration of the
DHW system in the preliminary phase.

Equally, this kind of tool can be relevant for large installer
companies that realise extensive DHW installations.

The simulation model can even pass for a design tool, as
it provides the correct sizing for all elements of the DHW
system.

Next to this, the simulation tool may also have potential
in the field of L. pneumophila.

By the addition of the components developed by Van
Kenhove (2018) to estimate the growth of Legionella
pneumophila in DHW systems, the simulation tool can
also have the potential to be used in disinfection
consultancy of contaminated systems. Since the DHW
system can be built effortlessly and as the tool gives the
ideal design, the cause of contamination can be found
quickly. The model shows the most optimal sizing, flow
rates etc. In this way, it is possible to determine which
aspects of the actual installation deviate from this and the
related problems can then be tackled.

At the building physics research group of Ghent
University, a controller is being developed that makes it
possible to reduce the DHW system temperature to
around 45°C with a system-dependent heat shock regime.
Thanks to the uncomplicated construction of the
simulation model, it can also be examined to what extent
the energy use of a specific building can effectively be
reduced if there is a switch to low temperature DHW
systems in the future.

o
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Finally, advice can also be given on how to adapt user
behaviour to increase comfort and to reduce the risk of
L. pneumophila contamination and energy use. The
parametric development of the simulation profiles makes
it possible, for example, to evaluate and optimise the
specific organisation of the washing process of the
residents.

One can also easily experiment with all the other
parameters in the records. In this way these can also be
optimised.

Extension of the field of application

Holvoet (2019) also examines the generic aspect of the
simulation tool by extending it to other public building
typologies, e.g. sports halls and hotels.

Extension to other public building types is possible and
uncomplicated as the entire basic general methodology of
parameterisation of the dimensioning processes can be
adopted. Thanks to the operation with sub-models, many
of those can simply be reused in other buildings but with
different input.

Conclusion

A parametric simulation tool for DHW systems that can
be effortlessly used in the design phase and requires only
a few input parameters, is developed and it can have the
potential to be of great importance in the design and
optimisation of DHW systems in residential care centres.
However, this requires a complex and extensive
integration of algorithms and a research into parameters
and characteristics concerning the building, the DHW
system and the hot water demand.

On the basis of a virtual model, the operation of the DHW
system can be assessed. The tool can allow concretizing
of the performance factors of different proposals for the
configuration of DHW systems. DHW system designers
will be able to estimate the impact of design decisions and
to reduce energy demand for DHW, while keeping an
equilibrium between healthy, comfortable and energy
efficient buildings.

In addition, the tool can also be used in the optimisation
of various parameters, from thickness of insulation to the
care and washing procedure. It also has opportunities in
the field of Legionella decontamination.

The lack of data concerning hot water use in building
types other than residential makes model development
much more difficult and prevents the optimal operation of
the simulation model.

Future research

First, the simulation tool itself can be refined. The tool is
still in the development phase. Even more sub-models can
be developed so that variant configurations of distribution
can be modelled and the application can be made even
more user-friendly, especially for the construction of the
primary distribution pipes. There is not yet the intention
to make the tool open source. Also for this, an extra
external user interface still needs to be created to avoid
mistakes of potential users.

In addition, it can be expanded to other types of public
buildings. This can be easily accomplished as the overall
method of parameterization of the dimensioning
processes can be recuperated. However, there is need of
an analysis of the respective systems and the development
of additional required sub-models.

Secondly, adequate research concerning the hot water use
in public building types can be undertaken. Reliable and
realistic use data are of fundamental importance. The
tapping profiles need to be optimised and can be expanded
for the other types of taps.

Furthermore, further research of a larger number of
projects per building type can lead to more accurate
assumptions of average values and data.

Acknowledgement

This project is partly funded by an 10OF project (Ghent
University, F2018 IOF Advanced 423) and a VLAIO
spin-off mandate (Flemish Agency of Innovation and
Technology, HBC.2019.2611). More information at
www.lowatter.com.

References

AICVF Association des ingénieurs en climatique,
ventilation et froid (2004). Eau chaude sanitaire :
maitriser Energie, Confort, Santé. Paris (France).

Bertrand, A., Mastrucci, A., Schiller, N., Aggoune, R. and
F. Maréchal (2017). Characterisation of domestic hot
water end-uses for integrated urban thermal energy
assessment and optimisation. Applied Energy 186,
152-166.

Bureau voor Normalisatie (2017). NBN EN 12831-3:2017
Energy performance of buildings — Method for
calculation of the design heat load — Part 3: Domestic
hot water systems heat load and characterisation of
needs.

Data Design System. (2019). DDS-CAD: product
overview. Utrecht (NL).

Deutsches Institut fir Normung (2012). DIN 1988-300:
Technische Regeln fiir Trinkwasser-Installationen -
Teil 300: Ermittlung der Rohrdurchmesser.

Fuentes, E., Arce, L. and J. Salom (2018). A review of
domestic hot water consumption profiles for
application in systems and buildings energy
performance analysis. Renewable and Sustainable
Energy Reviews, 81:1530-1547.

Holvoet, M. (2019). Ontwerpstudie van publieke
typgebouwen  voor de  optimalisatie  van
warmwatersystemen.  Ghent  University. Ghent
(Belgium).

ISSO kennisinstituut bouw- en installatietechniek (2013).
Leidingwaterinstallaties voor woon- en
utiliteitsgebouwen. ISSO publicatie, 55.

Jorissen, F., Reynders, G., Baetens, R., Picard, D.,
Saelens, D. and L. Helsen (2018). Implementation and

Proceedings of the 17th IBPSA Conference
Bruges, Belgium, Sept. 1-3, 2021

2298
https://doi.org/10.26868/25222708.2021.31104


http://www.lowatter.com/

INTERNATIONAL
BUILDING
PERFORMANCE
SIMULATION
ASSOCIATION

verification of the IDEAS building energy simulation
library. Journal of Building Performance Simulation,
1-20.

Kreps, S., De Cuyper, K., Vanassche, S. and K. Vrancken
(2007). Best Beschikbare Technieken (BBT) voor
Legionella-beheersing in Nieuwe Sanitaire Systemen.
VITO. Brussels (Belgium).

liNear. (2020). liNear: the BIM Engineering software.
Aachen (DE).

Rogatty, W. (2003). Heizen und Kihlen in
Niedrigenergie- und Passivhausern. IKZ-Haustechnik
8, 38-42.

Stout, J. E., Muder, R. (2004). Legionella in Residential
Water Systems. Applied and Environmental
Microbiology 8, 396-399.

Stout, J. E., Best, M. G. and V.L. Yu (1986).
Susceptibility of members of the family
Legionellaceae to thermal stress: implications for heat
eradication methods in water distribution systems.
Applied and environmental microbiology 52, 396-399.

Van den Abeele, L., Dinne, K., De Cuyper, K. and B.
Bleys (2017). Best Beschikbare Technieken (BBT)
voor Legionella-beheersing in Nieuwe Sanitaire
Systemen. VITO & WTCB.

Van Hulle, S., De Somer, T., Durnez, G., Hellem T. and
L. Lietaert (2018). Hergebruik en gebruik van water
in  woonzorgcentra. Ghent University. Ghent
(Belgium).

Van Kenhove, E. (2018). Coupled thermohydraulic and
biologic modelling of legionella Pneumophila
proliferation in domestic hot water systems.

Wetter, M., Zuo, W., Nouidui, TS. and X Pang (2014).

Modelica buildings library, Journal of Building
Performance Simulation 7(4), 253-270.

Proceedings of the 17th IBPSA Conference
Bruges, Belgium, Sept. 1-3, 2021

2299
https://doi.org/10.26868/25222708.2021.31104





