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ABSTRACT
The integration of an increasing amount of renewable
energies into the energy system of a country (e.g. Ger-
many) requires the usage of different flexibility op-
tions. One of these flexibility options can be the build-
ing sector with the existing heat storages. These are of-
ten coupled to heat generators that are installed for rea-
sons of energy efficiency measures (heat pumps, com-
bined heat and power plants). This work deals with
the usage of building performance simulation to an-
alyze the potential flexibility to either delay or force
the operation of heat generators. As especially the
building heat demand is uncertain, the analysis is com-
bined with an uncertainty analysis. A case study with
a combined heat and power plant for a multi-family
dwelling was chosen to demonstrate the opportunities
of the presented approach.
It is shown that it is worthwile to use the building per-
formance simulation models to analyze the flexibility
as it improves the quality of the results. The operation
flexibility varies seasonally according to the changes
in heat demand as well as available storage capac-
ity. Distinctive seasonal differences can additionally
be observed for the uncertainties in the operation flex-
ibility.

INTRODUCTION
The building sector is facing major changes in the
coming years. On the one hand, energy efficiency
measures have to be implemented to decrase the en-
ergy consumption. On the other hand, efficient heating
technologies that are coupled to thermal storages could
potentially be used to balance the fluctuating charac-
ter of renewable energies. The potential to make use
of the storage capacity depends on different parame-
ters that are interdependent in the building energy sys-
tem. Dynamic building performance simulations can
be used to analyze these interactions in detail includ-
ing the uncertainties (e.g. by the user behavior) that
are present in the system.
In Germany, about 34 % of the final energy is used
for space heating and domestic hot water (DHW) ap-
plications in buildings (Ziesing, 2013). Therefore, the
reduction of the energy demand is one primary goal
of the government. Measures to reduce the energy
demand in the building sector become important and
include the improvement of the building envelope as
well as the usage of more efficient heating, ventilation

and air conditioning (HVAC) systems. In this context,
the usage of efficient heating technologies like heat
pumps (HP) or combined heat and power (CHP) plants
is discussed and partly already implemented. Often,
these technologies are installed in combination with
thermal storages.
In the next years, the integration of large amounts of
renewable energy into the energy system will become
a major challenge requiring energy storage capacities.
Especially on the electrical side, this task is much
more challenging as the storage of electricity is more
expensive than the storage of heat up to now. Some
authors have discussed discussed to use thermal stor-
ages in building energy systems (CHP, HP) as flexibil-
ity options for the electrical grid (Müller et al., 2015)
(Coninck et al., 2014)(Arteconi et al., 2013). The sys-
tems can then be used in demand side management
(DSM) measures. As a large share of the renewable
sources (especially wind and photovoltaics) is volatile
and partially uncertain, it is important to determine to
what extend flexibility can be offered by the building
energy system in each time step.
The flexibility of a heat generator coupled to a ther-
mal storage can be divided into two groups (Six et al.,
2011)(Nuytten et al., 2013). The first possibility to of-
fer flexibility is delay of operation. In this case, flexi-
bility determines the maximum timespan the heat gen-
erator can be switched off until heat demand cannot
be fulfilled anymore. The second flexibility option is
forced operation of the heat generator. Here, flexibil-
ity means the timespan in which the heat generator can
operate until the storage is fully charged. The delayed
as well as the forced flexibility can be calculated for
each point in time around the year. As both heat de-
mand and usable storage capacity influence flexibili-
ties and vary over time, it is necessary to perform dy-
namic building performance simulations.
In recent years, the usage of building simulation tools
for the design as well as the operation of buildings
has become very important. In many cases, dy-
namic simulations are used to calculate heat demands
with standard parameters. Nevertheless, hardly any
parameter is known in advance. Simple examples
for uncertain parameters are the indoor temperature
and the air exchange rate. Therefore, it is neces-
sary to address uncertainties with an uncertainty anal-
ysis. This has become more important during the last
years and an increasing number of works is dealing
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with uncertainty analysis in the context of building
simulation (e.g.(Lomas and Eppel, 1992)(Macdonald,
2002)(Hopfe, 2009)). Often, the uncertainty analy-
sis focusses on single (annual) values, which can be
the heat demand itself or the share of a solar thermal
plant in a heat supply system (Burhenne et al., 2011).
Another goal is the determination of peak-loads e.g.
for the cooling case to support the HVAC design (Sun
et al., 2014). In most of the works, dynamic target
functions are not considered.

Our work focusses on the dynamic calulation of the
heat generator flexibility under uncertainty. We use
building performance simulation to determine both
the delayed and forced flexibility of a heat generator
around the year. The heat demand itself and its in-
fluence on the available storage capacity is analyzed
dynamically. This gives us the opportunity to inves-
tigate seasonal differences in the availability of flexi-
bilty. An uncertainty analysis is performed to analyze
the influence of input data uncertainties on the avail-
able flexibility.

METHODOLOGY

Simulation Models

For the simulation of the building energy systems de-
scribed in this paper, different models have to be used.
Firstly, thermal storage is the most important compo-
nent in the context of flexibility and it has to be mod-
eled in detail. Secondly, simulation models are used
to consider the influence of different parameters on
the heat demand. Lastly, models of heat generators,
heat distribution and control are needed to couple the
storage with the heat consumers. All these models are
interconnected in the object-oriented language Mod-
elica with the development environment Dymola to
form our base model for the further flexibility inves-
tigations.

The thermal storage considered in this work is a strat-
ified hot water storage tank. The used model is
schematically shown in Figure 1. The storage volume
is separated into n equally sized volumes (layers) dis-
cretized in vertical direction. The red arrows show the
heat exchange that is modeled due to energy losses to
the ambient as well as the thermal interaction between
individual layers due to conduction. On the left hand
side, the fluid inlet and outlet can be used to load the
storage with a heat generator while the inlet and outlet
on the right hand side are used for the heat sink (space
heating and DHW). The model can easily be adapted
in size as well as parameters for e.g. insulation. Fur-
ther details about the storage model, its verification as
well as the modelling approach can be found in (Stin-
ner et al., 2015).

Figure 1: Model of the stratified storage.

Besides the storage itself, heat demand plays an im-
portant role to determine flexibility. It influences both
the delayed and the forced flexibility directly. In our
model, the heat demand consists of two types, the
space heating and the DHW demand. To simulate
space heating demand of buildings, a low-order build-
ing model is used that reduces the building physics
to a small number of capacities and resistances ana-
log to an electrical circuit (Lauster et al., 2014). The
model is parameterized by calculating the resistances
and capacitities based on information about the sizes
and physical properties (density, heat capacity, thermal
conductivity) of the building construction. Besides the
space heating demand, the DHW demand is consid-
ered in this work. For the generation of DHW profiles,
a tool was developed that generates profiles stochasti-
cally based on some basic input data considering occu-
pancy and the number of households (Franzen, 2014).
Afterwards, the resulting profiles are scaled by a factor
according to the DHW demand in the single building.
Additionally to the aforementioned models, we need
models for the technical equipment of the building in-
cluding heat generators and distribution. Therefore,
a library was developed that allows a fast composi-
tion and simulation of building energy systems (Stin-
ner et al., 2015). The new models do not include any
pressure information in the hydraulic circuit, but they
still include the physics of heat capacities and heat
transfer phenomena. This reduces the computational
effort of the simulations while maintaining the result
quality. The reduced simulation effort improves the
usability of the models in an uncertainty analysis con-
text. The CHP plant is modeled based on manufac-
turer’s data with additional delay elements to prevent
the plant from instantaneous power changes. Addi-
tionally to the heat generator, a radiator model for heat
transfer to the room is used. This is important as the
return temperature of the radiator influences directly
the storage temperature and thereby the storage state
of charge at each time step. To control the operation
of the CHP plant, a two-point controller is integrated
that observes the layer temperatures in the top and bot-
tom layer of the storage and switches the CHP plant on
and off. The mass flow rate in the pump of the radiator
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is ideally set by a PI-controller that controls the indoor
air temperature of the building.
The base case simulation to analyze the heat demand
in a dynamic environment and the maximum storage
level at each point in time is performed in Modelica
with the aforementioned models. The calculation of
the flexibility itself is performed as a postprocessing
step based on energy balances in Matlab. The exact
workflow to calculate the forced and delayed flexibil-
ity is described in the following.

Flexibility Determination
Different heat generators (HP, CHP) can offer dif-
ferent flexibilities. Furthermore, every heat genera-
tor can offer flexibilities in two directions (Six et al.,
2011)(Nuytten et al., 2013). One option is delayed
flexibility. This is the timespan the heat demand can
be fully satisfied by a fully charged storage. The other
flexibility option is the forced flexibility. This value
indicates the timespan the heat generator can operate
continuously without exceeding the storage level if the
storage was discharged at the beginning of the period.
Both values for flexibility define the maximum avail-
able flexibility. The actually available flexibility at
each point in time highly depends on the operation be-
fore the analyzed point in time when potentially parts
of the flexibility are already used (Six et al., 2011).
To determine the possible flexibility of the energy sys-
tem consisting of the heat generator and the thermal
storage, the maximum available storage capacity at
each time step has to be calculated. For this reason,
we perform a dynamic simulation with the heat gen-
erator, the thermal storage and the described heat con-
sumers. The heat generator has to operate in accor-
dance with the restrictions of the heat supply as well
as the heat generator itself (Müller et al., 2015). This
means that the top temperature must not exceed certain
temperature limits. The upper bound is the heat gen-
erator’s maximum flow temperature. Accordingly, the
lower bound of the top temperature is the minimum
flow temperature that is needed to supply the build-
ing’s demand for space heating and DHW. This means,
that the minimum supply temperature for space heat-
ing and the mimimum supply temperature for DHW
have to be compared. As long as both systems have
the same supply temperature, the maximum of the two
temperatures sets the lower bound for the top temper-
ature. Otherwise, one of the two heat demands could
not be satisfied anymore. The bottom temperature of
the system has only one restriction. The flow temper-
ature to the heat generator is underlying some con-
ditions as a certain temperature difference across the
heat generator should be satisfied while not exceeding
the maximum temperature in the heat generator. As
the maximum available flexibility should be addressed
by this work, the heat storage is always operated in full
loading and unloading cycles between the described
boundaries for operation.
In this work, our approach to determine both the de-

layed and forced flexibility is derived from the anal-
ysis in (Nuytten et al., 2013). We use building per-
formance simulation to refine the flexibility analysis
in four points compared to their approach. Firstly, the
analysis is broadened to a stratified storage that needs
special attention in the calculation compared to a fully
mixed storage. Secondly, the storage capacity is not
constant over the year as especially the return temper-
ature of the heat sinks varies due to different shares of
the DHW demand at the total heat demand. Thirdly,
the storage losses around the year are also considered.
Lastly, the stepwise charging and discharging is re-
placed by the assumption that the storage can be fully
charged or discharged at any time of the year as it is
also possible to operate the heat generator for parts
of a timestep (which was one hour in (Nuytten et al.,
2013)). All four points can be addressed by whole year
building simulation operating the storage between the
aforementioned boundaries. The difference in the re-
sults by taking the changes in the model into account
are addressed later.
From this whole year simulation, we can calculate the
maximum storage capacity in each cycle. One cycle
begins at the time the heat generator is switched off
and ends at the time the heat generator is switched
off again after charging the storage completely. This
means, that one cycle consists of one decharging pe-
riod and one following charging period. The storage
content Q for a storage with volume V, specific heat
capacity cP , density ρ and the number of used layers
n in the simulation model can be calculated at each
timestep t with:

Q(t) =
n∑

i=1

ρ · cP · V
n
(Ti(t)− Tref ) (1)

Equation 1 uses the layer temperature Ti(t) at each
time step and the reference temperature Tref . The
choice of the reference temperature is free, as only the
difference between the maximum and the minimum
values in each cycle is of interest and named as dy-
namic storage capacity of the cycle in the following.
The values of the dynamic storage capacity are as-
signed to the (temporal) midpoint of the loading cycle.
Between these values, an interpolation is performed to
get a dynamic storage capacity at each time step. With
this calculation, we analyze the flexibility of the heat
generator operation.
First, we analyze the case of a delayed operation of the
heat generator as shown in figure 2. This figure shows
the calculation for exactly one time step and has to be
repeated for every time step to get an overview of the
seasonal behavior. From the dynamic simulation, we
can get the heat demand of the building for each time
period. This means that we start from each point in
time, assuming that the storage level is at the maxi-
mum at this point in time and calculate the time span
that the heat generator can stay off until the thermal
storage is discharged. To refine the analysis, the aver-
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age heat losses during one cycle are added to the heat
demand of the building in each time period. With this
approach, it is possible to calculate the maximum de-
layed operation flexibility of the heat generator.
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Figure 2: Determination of the switch-off flexibility
time.
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Figure 3: Determination of the switch-on flexibility
time.

The second step is the calculation of the forced oper-
ation flexibility of the heat generator. Again, the fol-
lowing method is only the calculation of the flexibility
for one time step and it has to be repeated for all time
steps around the year. To calculate the forced flexibil-
ity, we assume the storage to be completely discharged
at the beginning of each time step. This means that the
heat demand is exactly covered by the heat generator
and the storage up to this moment. Afterwards, we
calculate the time period that the heat generator can
operate continuously without switching off. The pro-
cess is shown in figure 3. Here, the heat generator is
assumed to operate in full-load operation for the whole
time. The overproduction of heat is stored in the ther-
mal storage. With this operation, we calculate the time
span the plant can operate at maximum power to po-
tentially support the electrical grid.
Both the flexibility for delayed and forced operation
are calculated for hourly time steps to get an insight
in the seasonal behavior of the systems. If the flexibil-
ity values are between two integer values (in hours), an
interpolation is performed to calculate the values in be-
tween. The dynamic building performance simulation
that underlies the shown analysis solves the differen-
tial algebraic equation system with higher resolutions.
The heat demands as well as the storage capacities are

taken in hourly steps and include the operation of the
heat generators and the heat sinks during the whole
period. This is extracted from the simulation results in
Dymola/Modelica. Then the actual calculation of the
flexibility described in the last paragraph is performed
based on an energy balance in Matlab.

Uncertainty Analysis
Many parameters in the context of building perfor-
mance simulation are uncertain. Here, the user behav-
ior accounts for some of the most uncertain parame-
ters. Besides that, the weather data is not known in
advance which means that this uncertainty has to be
taken into account. The parameters of building physics
are not known as well. This ranges from the poten-
tially unknown refurbishment status of a building to
the physical properties of single materials like density
or specific heat capacity. Additionally to the param-
eter uncertainties, model form and numerical solution
uncertainties can be analyzed (Sun et al., 2014). In this
work, the latter uncertainties in terms of the dynamic
simulation models are not further considered. Instead,
the modifications at the flexibility calculation method
are analyzed in detail.
First, all parameters have to be collected to parame-
terize the building model. To address the uncertainties
in simulation results, the uncertain parameters have to
be characterized first. Afterwards, data to limit the un-
certainties have to be collected. Mostly, this is done
using probability distributions for individual param-
eters. These can be continuous (e.g. normal distri-
butions, uniform distributions) or discrete (e.g. refur-
bished/unrefurbished, different weather files, different
user types).
Uncertainties in the input data have to be propagated
to the output data. For this purpose, Monte-Carlo
simulations are widely used. The advantage com-
pared to other approaches (Macdonald and Clarke,
2007) is the re-usability of models. In Monte-Carlo
simulations, samples of the input parameter distribu-
tions are randomly generated. Every parameter has to
be considered simultaneously in this procedure. For
the sampling, more efficient methods than a classi-
cal random number generator are used in the context
of building performance simulation. In most appli-
cations the Latin Hypercube approach (Mckay et al.,
2000) is used. This method allows to reduce the nec-
essary number of simulations by generating the sam-
ples not randomly but systematically. The method is
then called Quasi-Monte-Carlo-method. After gener-
ating the samplings for each parameter, a simulation is
performed for each parameter set. This means, that ev-
ery uncertain parameter is represented with one value
according to the aforementioned distribution.
As a result, a distribution in the output variables can
be generated. For instance, it is possible to analyze a
probability distribution of the annual heat demand of
the building resulting from the uncertainties in the in-
put parameters. In addition to single output variables
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like the annual energy demand, dynamic output vari-
ables like the dynamic heat demand can be analyzed
(Stinner et al., 2014). In the present study, the heat de-
mand and the dynamic storage capacity are uncertain
outputs of the simulation and inputs to the flexibility
calculation. Instead of one time series each for the de-
layed and forced operation flexibility, an array of time
series is generated for both cases which can be sta-
tistically analyzed. One analysis option would be the
calculation of the maximum and minimum available
flexibility at each time step. Another possibility is to
analyze to what percentage a certain value is exceeded
(or to what percentage the flexibility is below a certain
level).

Uncertain Parameters

In this study, mostly two parameter groups are con-
sidered as uncertain. This is the user behavior and
the weather data. In further studies, other parame-
ters can easily be added to the analysis. The user
behavior in this paper is characterized by the indoor
air temperature, the air exchange rate as well as the
DHW consumption. For the simulation of the building
physics, a one zone model is used. Nonetheless, the
building itself consists of different apartments. This
means that for every apartment, a sample for each un-
certain parameter is calculated. Afterwards, the mean
of these figures across all apartments is calculated. Be-
sides the user behavior, the weather influence is con-
sidered in the simulation by taking three data sets from
(Deutscher Wetterdienst DWD, 2011) into account.
These include one average year, one year with a cold
winter and one year with a hot summer. Between these
three years, an interpolation with the usage of a normal
distribution is assumed. This means that the average
year shows the most likely weather and the other years
only occur in extreme cases. The same method is used
in(Stinner et al., 2014).

APPLICATION
Case Study

To analyze the presented calculation method for the
flexibility of a heat generator including the underly-
ing uncertainties, the following case study is formu-
lated. Similar to the system analyzed in (Nuytten et al.,
2013), a system consisting of a CHP plant and a ther-
mal storage is investigated. In contrast to the system
mentioned there, no additional heater is present. As
the supplied building, a multi-family dwelling with
36 units with an insulation according to the standards
from 1984 in Germany is chosen. This is a medium
insulation standard. The average heat demand of
the building across all considered simulations is 340
MWh. The house is equipped with a water storage
tank of 14.7 m3 and a CHP plant of 180 kWth. The
large size of the CHP plant ensures that no additional
heater (e.g gas boiler or electrical heating element) is
needed in any of the variations of heat demand and the

heat can be supplied completely by the CHP plant in
all systems. The storage model is discretized into 15
layers.
For the weather data, the region 5 of the test reference
year (TRY) which is located in Essen (western part of
Germany) is chosen. The distribution for the air ex-
change rate is a normal distribution with mean 0.5 and
standard deviation 0.1. The indoor air temperature is
assumed with a mean of 21 ◦C and a standard devi-
ation of 2 K. The calculated temperature is then used
as set temperature for the mass flow controller at the
radiator. For the DHW, a scaling factor for the gener-
ated profiles with a mean of 1 and a standard deviation
of 0.2 is considered. The average DHW consumption
per person is set to 35 liters per day. This is transfered
to a profile and then multiplied with the scaling factor.
The DHW mass flow has to be heated up from 10 ◦C
to 60 ◦C.
As explained in the methodology, the maximum and
minimum allowed temperatures in the storage are cru-
cial values that influence the dynamic storage capac-
ity at each time step. The DHW demand with 60 ◦C
has to be satisfied. As a temperature difference of 5
K at the heat exchanger is assumed to be needed, the
minimum top temperature that should be guaranteed,
65 ◦C is set. Thus, the CHP plant is always switched
on, if the temperature falls below the minimum value.
As maximum temperature for the lowest layer of the
storage, 80 ◦C is chosen. This results from an as-
sumed maximum flow temperature of 90 ◦C for the
CHP plant and an assumed needed temperature differ-
ence across the CHP plant of 10 K. As a result, the
CHP plant is always switched off if the temperature in
the lowest layer exceeds 80 ◦C.

Results
As the model to calculate the flexibility of (Nuytten
et al., 2013) was modified in some parts, we want to
analyze the influence of the modifications on the re-
sults. The focus of this analysis is on the use of a
dynamic storage capacity of the thermal storage and
the introduction of the storage losses into the calcula-
tion. First of all, we calculated the delayed and forced
operation with all changes as shown before for one pa-
rameter set and use it as our base case. Afterwards, we
calculated two alternatives. The first alternative (”con-
stant capacity”) gets the same input parameters, but the
storage capacity is set to a constant value which is in
this case the mean value of the dynamic storage capac-
ity during the year. The losses are considered in this
alternative. In the second alternative (”no losses”), the
heat losses to the ambient are set to 0 while the storage
capacity is set dynamic.
Figure 4 shows the difference between the base case
which includes all phenomena and the two alterna-
tives. The values of the alternatives are both high-
erthan the base case values during summer. The ”no
losses” alternative shows the highest values. As the
calculated flexibility gets high for the summer time in
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the delayed case, we also calculated the relative devi-
ation of the two alternatives to the base case. As the
base case has no deviation to itself, we used the rela-
tive IQR (RIQR) which is the IQR divided by the me-
dian for comparison reasons. This value can be seen
as the relative uncertainty that is due to the parameter
uncertainties.
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Figure 4: Comparison of different modelling ap-
proaches for the delayed case.
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Figure 5: Comparison of different modelling ap-
proaches for the delayed case in relative figures.

As Figure 5 shows, the deviations due to the usage of
a constant storage capacity are in the range of the un-
certainties introduced by parameter uncertainty. Dur-
ing summer time, the relative deviation of the alterna-
tive without storage losses is partially higher than the
RIQR. Similar results can be observed for the forced
operation case with higher deviations due to the usage
of a constant storage capacity (see figure 6).
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Figure 6: Comparison of different modelling ap-
proaches for the forced case in relative figures.

In the following, the calculated flexibilities are pre-
sented. Figure 7 shows the median of the delayed op-
eration flexibility. This flexibility is only dependent
on the future heat demand starting from one point in
time and the storage capacity. This can be observed in
figure 7 as the flexibility is lower in the winter times
when there is higher heat demand and the storage is
discharged faster. In the summer periods, the median
of the delayed operation flexibility reaches values of
236 hours.
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Figure 7: Median of determined delayed operation
flexibility.

Besides the absolute values, the determination of the
uncertainty in the flexibility is the major goal of this
study. For this reason, the interquartile range (IQR)
of the calculated flexibility is analyzed. The IQR is
calculated as the difference between the 75 % quantile
and the 25 % quantile. As figure 8 shows, the IQR of
the delayed operation flexibility is high in the transi-
tion periods where some of the calculated variations
still show heat demand for space heating and others do
only have the heat demand for DHW.
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Figure 8: IQR of determined delayed operation flexi-
bility.

The characteristics of the forced operation flexibility is
not only dependent on the heat demand, but also on the
capacity of the heat generator. Figure 9 shows the me-
dian of the flexibility for this case. Again, differences
in the seasons can be observed. These are not so dis-
tinctive as in the delayed operation case. The reason
for this is that the heat generator has a rather high peak
power to ensure that the heat demand can be satisfied
with the chosen heat generator in any of the observed
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cases. Thus, the heat generator is big in comparison to
most of the heat demand curves. This results in short
operation times of the CHP plant until the storage is
fully charged.
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Figure 9: Median of determined forced operation flex-
ibility.

The uncertainties in form of the IQR in the forced op-
eration case are shown in figure 10. The fluctuations
are smaller than in the delayed operation case. The
lowest values of IQR can be observed in the times
when only DHW heat demand is present. This can
be explained by the regular occurence of the DHW
heat demand if the heat demand for several subsequent
hours is observed. The uncertainty in the winter time
is much higher.
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Figure 10: IQR of determined forced operation flexi-
bility.

Discussion
With the shown methodology, the operation flexibil-
ity can be calculated both for the forced and the de-
layed case. Comparison of the different flexibility cal-
culation model has shown the importance of the per-
formed modifications. Both the negligence of the stor-
age losses and the usage of a constant storage capacity
lead to noticeable deviations from the model we built.
As we did not analyze the model uncertainties of our
model in detail, we cannot quantify the whole devia-
tion as error, but this analysis shows the importance to
take these two aspects into consideration when analyz-
ing the flexibility. As the delayed case is besides the
storage capacity only dependent on the heat demand,

the fluctuations during the year are very high. Espe-
cially in summer, the used storage can bridge above
200 hours without switching the heat generator on
again. On the other hand, the flexibility in the forced
operation case is additionally highly dependent on the
heat generator capacity. As a large capacity was cho-
sen in the case study, lower times of flexibility can be
observed. The seasonal fluctuations in the flexibility
are not as distinctive as in the delayed operation case.
This changes if the size of the heat generator is de-
creased or a second heat generator (e.g. gas boiler) is
needed to guarantee the heat demand satisfaction.

For both cases, the uncertainty in the calculated val-
ues is shown. The uncertainty in the delayed operation
case is especially in the transition periods very high.
The reason for this is the occurence of space heating
demand in these times in some of the simulated param-
eter variations while in others only DHW heat demand
has to be covered.

CONCLUSION AND FURTHER WORK

The paper deals with the usage of building perfor-
mance simulation to analyze the flexibility of heat
generators coupled to thermal storages. This analysis
deals with both the delay of operation and the oppor-
tunity to force the heat generator to operate. From the
results of a comparison with a simplified model, we
conclude that it is worthwile to analyze the flexibil-
ity with the simulation models used in this paper as
the deviations between our approach and the simpli-
fied approaches are high.

The results show that the installed large thermal stor-
age is responsible for a high flexibility in summer for
the delayed operation case. During these times, up to
236 hours in the median curve can be bridged by the
thermal storage without need for additional heat gener-
ation. These values are noticeably lower during win-
ter times as the heat demand is much higher and the
storage is discharged faster. The highest uncertainties
in the delayed operation case can be observed during
transition periods. The forced operation case varies
less than the delayed operation case around the year
as the installed thermal power is large compared to the
heat demand.

In future work, different combinations of storages and
heat generators will be analyzed and compared to each
other. One major task will be the consideration of dif-
ferent heat generators working in a single house. As
the electrical power of the single heat generators does
not influence the electrical grid noticeably, the mea-
sures of DSM do not have major effects if single build-
ings participate in it. Thus, we will extend the pre-
sented analysis to groups of buildings and analyze the
potential reduction of uncertainty. Besides, other un-
certain parameters (building physics parameters, other
user behavior parameters) will be included.
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