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ABSTRACT

The standard of living in a country is strongly correlated to the energy consumption, hence a consid-
erable increase in the global energy use is expected. The effects of energy conversion on the climate,
e.g. increased CO2 level, is already observed. Thus it is imperative to base future energy conversion
on resources that have negligible climate effects; solar energy is perhaps the most important of such
resources.
The general structure of models for solar heating of buildings, with disturbances and relevant sensor
technology is described. Simple models of the various parts of the system are developed, and the
model is validated through simulation. Requirements for models for on-line control and optimiza-
tion are discussed. It is noted that ventilation leads to an important energy loss if energy is not
recovered by heat integration.
The main contribution in this paper is in putting together submodels from different fields and pub-
lications into a relatively complete model structure for control of a residential building. A second
contribution is the discussion of key disturbances in the system.

Keywords: Solar heating, Building models, Model efficiency, Control.

INTRODUCTION
The observed increase of greenhouse gases in the at-
mosphere in tandem with an increase in global tem-
perature, has led to a concern about the temperature
development for the rest of the century with the pos-
sible consequence of increased ocean level, more
violent weather, etc. To counter these predictions,
there is an emphasis on reducing the use of fossil
fuel and thus stop the increase in CO2 level of the
atmosphere.
Solar energy is a freely available alternative to fos-
sil energy. One possible way to utilize solar energy
is to capture the irradiance in a solar collector, and
store the energy by heating up water in a storage
tank. Such hot water can be used for heating, for
showering, etc. The intermittent nature of irradiance
is partially handled by such storage of energy, but
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it is usually necessary to combine solar energy with
other energy forms such as electricity or fossil fuel
to ensure sufficient availability of power. Because of
fluctuations in energy prices (spot marked), it may
be possible to take advantage of predictions of ir-
radiance to reduce the energy bill: if we know that
tomorrow will be sunny, we can reduce the heating
by electricity or fossil fuel – or at least make sure
that we use such co-energy forms when their cost is
low.
The complexity level of models for solar heating
of buildings range from simple models for energy
planning over decades to detailed studies of the in-
dividual components in such systems. Of particular
interest is the study of models suitable for on-line
use. Such models should give sufficient informa-
tion about the dynamics of the system, but should
be simple enough to enable advanced on-line control
and optimization. Even though detailed models may
be necessary in detailed analysis of individual com-
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ponents, simpler unit models may suffice in a com-
plete system model. This study thus aims at compil-
ing models for the complete system of solar heating
of buildings, with the long term goal of developing
models that are sufficiently detailed yet sufficiently
simple for on-line control and optimization.
For large scale solar collector plants, concentrated
solar power systems are used [16], while for domes-
tic heating, flat plate solar collectors or evacuated
collectors are cheaper. Here, we focus on domes-
tic heating. The fitting of an industry standard flat
plate solar collector model to experimental data is
discussed in [12], while [19] and [18] discuss more
complex models for transient studies. Both [6] and
[8] give useful background in solar radiation and de-
sign of such collectors. Models of storage tanks are
discussed e.g. in [8], see also [9], [2], and [17].
Software libraries with detailed building models are
available, but for control studies, the discussion in
[13], [14] is particularly relevant. Disturbances are
important in building models. Domestic hot water
load profiles are treated in [11]; seasonal variations
and optimization is important for design [7] and [3].
Variation in solar irradiance and ambient temper-
ature are typically measured; see e.g. [8]. With
respect to on-line use of models, [5] use a simple
model of a building together with prediction of out-
door temperature and varying electric spot prices to
study possibilities for cost savings through advanced
control, with emphasis on efficient algorithms, while
[10] and [15] discuss the use of Model Predictive
Control of a system for thermal capturing of solar
energy with auxiliary energy supply.
The paper is organized as follows. First, a descrip-
tion of the system with solar heating, storage tank
and building is given, with some background infor-
mation. Next, a simple mathematical model is pre-
sented. Then, operational conditions are given, and
the model is verified through simulations. Finally,
some conclusions are drawn.

SYSTEM DESCRIPTION
System elements

A system for mixed solar and electric (auxiliary)
heating of a domestic building is depicted in Figure
1.
The reason for introducing heat exchangers to sepa-
rate the fluids of the collector circuit and the heating

Figure 1: Blue font indicates disturbance variable,
while green font indicates control variable. Heat
losses are due to temperature differences to ambi-
ent temperatures. The storage tank is assumed to be
instantly re-filled with cold make-up water, which
may have a varying temperature.

Figure 2: Functional description of the solar heating
system with auxiliary heating input.

circuit from the utility hot water of the storage tank,
is to allow for use of anti freeze and algae reducing
components in these circuits.

Functional description

From a system theoretic point of view, it is useful
to present the system as a block diagram with in-
puts and outputs — inputs and outputs will vary with
time; Figure 2 illustrates this causal relationship
with disturbances on the top of the block, control
inputs (manipulating inputs) at the left side, while
performance outputs (orange) are shown on the right
side of the system block and available sensor signals
(red) at the bottom of the block.

Sensors for buildings

A measurement system is needed to measure or es-
timate the sun irradiance and several parameters in-
side the house. In addition, the atmospheric pressure
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should be measured.

Solar irradiance

The most common sensor device is the pyranometer.
The pyranometer measures the solar irradiance flux
density

(
W/m2

)
on a planar surface over a 180 de-

gree field of view. The cost and size of pyranometers
may be an disadvantage, other options for such a de-
vice can be solar cell, photo diode, photo transistor,
or light dependent resistor (LDR).
The solar spectrum is dominated by the follow-
ing wavelengths: ultraviolet (300−400nm), visible
(400−700nm), and near infrared (700−2500nm).
A pyranometer is able to capture most of the solar
spectrum, while the other sensor types capture the
visible part.
The output from a solar cell is a voltage propor-
tional to the light intensity. The output from a photo
diode and photo transistor is a small variation in cur-
rent; an electronic circuit is needed to convert this to
an output voltage proportional to the light intensity.
The output from an LDR is also current; an extra
resistor suffices to have an output voltage propor-
tional with the light intensity. These sensor devices
are easy to integrate into a measurement system. A
model must however be added to be able to estimate
the sun irradiance from these sensor devices.

Other sensors

Other sensor devices needed for buildings include
sensors for temperature, humidity, CO2, flow, and
pressure.
Several types of temperature sensor devices exist,
both contact and non-contact types. Small, con-
tact type sensor devices based on semiconductors
are suitable for temperature measurement. The out-
put is voltage, proportional to the temperature in the
range [−20 ◦C,+60 ◦C], and with an accuracy of±1
◦C. These devices can be connected directly to a
measurement system. If a higher accuracy is needed
in a small sized sensor, then a resistance temperature
detector (RTD) should be considered. The accuracy
of these devices can be ±0.2 ◦C. However, these
sensor devices will require an additional electronic
circuit for connection to a measurement system.
Humidity and CO2 measures are needed to assess
the quality of the air inside the house, depending
on the ventilation system. These sensor devices can

also be of small size, however the cost may be a lit-
tle higher then the other sensor devices in use. These
sensor devices can normally be connected directly to
a measurement system.
Flow of water can be measured by using a Coriolis
mass flow meter or a magnetic flow meter. In prin-
ciple, differential pressure sensors can also be used,
but these require a relatively large pressure drop —
which is unwanted. The most common flow meter
is thus the magnetic flow meter, suitable for a wide
range of pipe sizes. Flow meters normally use a dig-
ital connection with a standard protocol for connec-
tion to a measurement system. The cost of a Coriolis
mass flow meter is higher than for a magnetic flow
meter.
An absolute pressure sensor can be used to measure
the atmospheric pressure. It may be useful to have
pressure sensors inside the house as well; this will
however require absolute pressure sensors of high
accuracy.

Logging

The measurement system needs to include a prepro-
cessing and a logging module, where the possibil-
ity of wireless connection between sensors and these
modules is desirable. The preprocessing unit should
take care of sensor errors and filtering (low pass fil-
tering) of the measured values. The module may
also include a check for outliers and early warnings.
The logging module should be able to log the sensor
value, the time stamp and the sensor status. The log-
ging format can be either a set of text files such as a
CSV format, or a database such as SQL or OPC.

On notation

In mathematical physics, flux is used to denote the
flow of an extensive variable, while flux density is
used to denote flux per unit area. In the field of
transport phenomena, on the other hand, flux nor-
mally denotes the flow per unit area. Here, we will
adopt the convention from transport phenomena.
It is relatively common to use a dot notation to indi-
cate the flow of an extensive quantity, e.g. ṁ implies
mass flow where m is the extensive quantity mass; Q̇
denotes heat flow where Q is the standard thermody-
namics symbol for heat. Furthermore, we will use a
prime notation do indicate per unit length, thus dou-
ble prime denotes per unit area. It follows that Q̇′′
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Figure 3: Beam, diffuse, and ground-reflected radi-
ation on a tilted surface. From [6], fig. 1.16.1, p.
91.

denotes heat flux (e.g. unit W/m2).

Fundamentals of radiation

Radiation emitted from a black body follows
Planck’s law with a spectral heat flux Q̇′′b,λ
(monochromatic, at wavelength λ ); integrated over
all wavelengths the extraterrestrial1 flux at the en-
trance to the atmosphere is Q̇′′,◦x = 1360W/m2 on
average, varying slightly with the varying sun-earth
distance. The atmosphere has a profound effect on
solar radiation. The irradiance that hits a solar col-
lector will thus consist of direct beam radiation, dif-
fuse radiation from the “sky”, but also of reflected
radiation from the ground. In summary, the position
on earth of the solar collector will reduce the local
extraterrestrial irradiance from Q̇′′,◦x , and because of
the rotation of the earth, the irradiance will vary di-
urnally. Clouds, etc. will also reduce the available
irradiance. Figure 3 illustrates how the various radi-
ation components hit a tilted collector.
The glazing on solar collectors have a transmittance
that varies with the wavelength (Planck’s law): the
radiation emitted from the sun with a surface tem-
perature of Tσ = 6000K will mainly pass through
the glazing, while the radiation emitted from the col-
lector surface at a temperature of perhaps 400K will
have a shifted wavelength distribution and will be
blocked. This effect is very important for the effi-
ciency of solar collectors.

1Extraterrestrial implies just outside of the earth’s atmo-
sphere, with basically vacuum between the sun and the extrater-
rrestrial surface.

Figure 4: Atmospheric CO2 concentrations as ob-
served at Mauna Loa from 1958 to 2008 (black
dashed line) and projected under the 6 SRES marker
and illustrative scenarios. Taken from www.ipcc-
data.org/observ/ddc_co2.html.

Operational requirements

In general, the temperature comfort zone is around
20 ◦C, depending somewhat on humidity. In a work-
ing environment, 18–20 ◦C seems to be common.
During a summer day, higher temperatures are ac-
ceptable to avoid excessive cooling expenses. Dur-
ing night/sleep, lower temperatures are preferable.
Acceptable levels of CO2 in populated rooms are2

xCO2 ≤ 600 ppm. At levels in the range xCO2 ∈
[600,1000] ppm, stiffness and odor will be ob-
served.3 Because breathing produces CO2, ventila-
tion is necessary; a typical requirement is to replace
the air in a room 4 times per hour — the origin of
this requirement is to satisfy the limit on xCO2 level
in the room. The CO2 level of the atmosphere is
currently4 at a mole fraction of xCO2 = 401.3 ppm
= 401.3×10−6. Predictions of CO2 levels are pub-
lished by IPCC5, and vary considerably depending
on underlying assumptions and models, Figure 4. If
the atmospheric CO2 level increases as indicated in
Figure 4, this may have a dramatic effect on the ven-
tilation rate in the next few decades.
Hot water in storage tanks typically is required to
have a temperature ≥ 55–60 ◦C to avoid problems
with Legionella bacteria, etc.; higher temperatures
up to 90 ◦C is relatively common. Such hot water

2www.engineeringtoolbox.com/co2-comfort-level-
d_1024.htmlwww.engineeringtoolbox.com/co2-comfort-
level-d_1024.html

3ASHRAE and OSHAE standards are 1000 ppm.
4http://co2now.org/
5www.ipcc-data.org/observ/ddc_co2.html
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Figure 5: Sketch of collector system with some no-
tation.

is used for under floor heating (UFH), showering,
etc. Mixing with cold water is common to reduce
the temperature to usable levels. The liquid circulat-
ing in solar collectors may need anti-freeze compo-
nents in Nordic countries, thus it is common to have
a closed circuit for the solar collector fluid with heat
exchange to the storage tank. Similarly, it is com-
mon to have closed circuits for UFH, with heat ex-
change to the storage tank.

MODEL DESCRIPTION
Collector system

The collector system with some notation is depicted
in Figure 5. Models for the collector system ranges
from full scale distributed CFD models to 1D and
0D models. As part of these models, it is nec-
essary to describe the irradiance, and in particular
how clouds, pollution, etc. reduces the theoreti-
cally available irradiance given by a clearness index
kc < 1. For design purposes, it is common to use a
simplified model of the heat flow from the absorber
plate to the collector fluid, Q̇p2c,

Q̇p2c = ηe2cAeQ̇′′ie

where Ae is the efficient surface of the glass enve-
lope, Q̇′′ie is the solar irradiance entering perpendic-
ular to the glass envelope, and ηe2c is the collector
efficiency described as

ηe2c = ηe2c,0−a1
∆Tc

Q̇′′ie
−a2

∆T 2
c

Q̇′′ie
,

with parameters defining the collector given by
ηe2c,0,a1,a2. ∆Tc , T̄c − Ta1 is the difference be-

Figure 6: Sketch of storage tank.

tween the temperature of the collector fluid and the
ambient temperature; in Europe it is common to let
T̄c be the average of the influx and efflux tempera-
tures of the collector fluid, Tc,i and Tc,o. This model
is combined with a steady state energy balance for
the collector fluid, leading to

ṁcĉp,c (Tc,o−Tc,i) = Q̇p2c

A problem which is sometimes not explicitly stated
for this simple model is that the efficiency may go to
±∞ during the night (Q̇′′ie→ 0); it is also possible that
ηe2c becomes negative in some operating regimes.
To make the model physically realistic, one may set
ṁc to zero when ηe2c < 0 or Q̇′′ie→ 0.

Storage tank

A storage tank with heat exchangers is depicted in
Figure 6. In reality, storage tanks are more or less
stratified, i.e. the temperature varies from a low tem-
perature at the bottom to a high temperature at the
top, and it is thermodynamically beneficial to oper-
ate the system in such a way that water at different
temperatures is not mixed: mixing leads to entropy
increase. Stratification has been modeled in various
ways, from fully distributed CFD models to 1D plug
flow models to a sequence of 0D models.
Here we assume that the collector heat exchanger,
the floor heat exchanger, and the water storage tank
all are well mixed. The storage tank may have
heat loss to the ambient temperature Ta2 of the room
where the storage tank is placed.
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An alternative could have been a main storage tank
heated by the solar collector and used for under floor
heating, followed by a secondary tank for hot water
consumption operating at a higher temperature, with
influx from the main storage tank and with auxiliary
heating. However, here we use a 0d model of a sin-
gle storage tank. Collector fluid in heat exchanger:

mcxĉp,cx
dTcx

dt
= ṁcĉp,cx (Tc−Tcx)

−UA|cx2w (Tcx−Tw) ,

floor fluid in heat exchanger:

mfxĉp,fx
dTfx

dt
= ṁfĉp,cfx (Tf−Tfx)−UA|fx2w (Tfx−Tw) ,

the storage tank itself:

mwĉp,w
dTw

dt
= ṁhwĉp,w (Tw,i−Tw)

+ UA|cx2w (Tcx−Tw)

+ UA|fx2w (Tfx−Tw)

−UA|w2a2
(Tw−Ta2)+ Q̇aux.

Building model

We consider a building as proposed in [5], with
slight modifications6. Their building is a single
room with floor heating, with ventilation, and with
occupants breathing CO2 at a given rate. They have
additional electric heating; here, this additional heat-
ing is added as auxiliary heat to the storage tank.
Furthermore, they neglect the inertia of heating the
floor; this inertia is added here. To this end, Fig-
ure 7 illustrates the parts of the domestic building.
Assuming perfectly mixed volumes, we find for the
floor fluid:

mfĉp,f
dTf

dt
= ṁfĉp,f (Tfx−Tf)−UA|f2m (Tf−Tm) ,

floor mass:

mmĉp,m
dTm

dt
=−UA|m2r (Tm−Tr)+UA|f2m (Tf−Tm)

air temperature:

mrĉp,r
dTr

dt
= ṁr,iĉp,r (Ta1−Tr)+ UA|m2r (Tm−Tr)

−UA|r2a1
(Tr−Ta1) ,

6The notation is aligned with the notation in this document.

Figure 7: Sketch of domestic building; modification
of description in [5].

air mass:

dmr

dt
= ṁr,i− kr

(
mr

Mr

RTr

Vr
− pa

)
,

CO2 fraction

dxCO2

dt
=

ṁr,i

mr
(xCO2,i− xCO2)+

ṁCO2,g

mr
.

Model parameters

The parameters of the model are given in Table 1.

SIMULATION OF MODEL
Disturbance description

The following disturbances are involved in the
model, Figure 2.

Hot water load

In [8], it is suggested that the daily consumption of
hot water is 30–60 liters per person. A coarse ap-
proximation of the domestic hot water consumption
(DHWC) distribution of [4] is given in Table 2.
If measurements or better predictions are not avail-
able, this distribution can be repeated perpetually in
simulations.

Ambient conditions

Ambient temperature Ta1 (out-door temperature) as
measured in our case study, [1], is shown in Figure
8. A typical value for the ambient temperature for
the hot water storage tank might be Ta2 = 5 ◦C.
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Table 1: Parameters for solar heating system.
Parameter Value Unit
a1 3.83×10−3 kW

Km2

a2 6.5×10−6 kW
K2 m2

Ae 3×1.5 ·Npers m2

Ar 25 m2

Arx 4 ·hr
√

Ar +Ar m2

ĉpf 3.5 kJ
kgK

ĉpw 4.19 kJ
kgK

ĉpm 0.63 kJ
kg

ĉpr 1.005 kJ
kgK

hr 2.5 m
kr 100 · 1

1.01×105
kg
sPa

`cx 30 m
`f 100 m
`fx 30 m
mcx ρw ·πr2

p · `cx kg
mf ρw ·πr2

p · `f kg
mfx ρw ·πr2

p · `fx kg
mm 3000 kg
mw 60 ·Npers kg
Mr 29 kg

kmol
Npers 2 –
rp

13
2 ×10−3 m

R 8.31×103 J
kmolK

Up 0.25 kW
m2 K

UA|cx2w Up ·2πrp · `cx
kW
K

UA|f2m Up ·2πrp · `f
kW
K

UA|fx2w Up ·2πrp · `fx
kW
K

UA|m2r 10×10−3 ·Ar
kW
K

UA|r2a1
0.4×10−3 ·Arx

kW
K

UA|w2a2
0.5×10−3 ·6 ·

(
3
√

mw
ρw

)2
kW
K

Vr 25 ·2.5 m3

ηe2c,0 0.719, [0.75,0.85] –
ρf 1060 kg/m3

ρw 103 kg/m3

Table 2: Typical DHWC (Domestic Hot Water Con-
sumption) distribution over one day, in %.

Hour DHWC Hour DHWC Hour DHWC
00–01 1.4 08–09 11.2 16–17 5.1
01–02 0.70 09–10 10.3 17–18 7.9
02–03 0.23 10–11 4.7 18–19 6.5
03–04 0.47 11–12 3.7 19–20 5.1
04–05 0.47 12–13 2.8 20–21 2.8
05–06 0.23 13–14 2.3 21–22 3.3
06–07 6.5 14–15 3.3 22–23 3.3
07–08 10.7 15–16 3.7 23–24 3.3

Figure 8: Measured ambient temperature Ta1 during
five days.
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Figure 9: Measured irradiance Q̇′′ie over five days
with one-day-ahead prediction.

Solar irradiance

Measured irradiance Q̇′′ie together with prediction er-
ror, [1], is displayed in Figure 9.

CO2 production

In the literature, a typical breathing rate is 1kg/d
per person.

Operating conditions

Nominal operating conditions of the system are
given in Table 3.

Implementation details

The differential equations are solved using MAT-
LAB, with the ode15s ODE solver. The code
is divided into a main script file that imports data,
runs the simulations and presents results in figures,
a script file defining model parameters and operat-
ing conditions, and a function file that describes the
model/differential equations. Ambient temperature
(Ta,1) and solar irradiance (Q̇′′ie) recorded over a pe-
riod of 30 days in Kristiansand, Southern Norway,
are imported from a .mat file. The thermostat con-
troller requires an initial value for its state.

Model verification

Using the disturbances from the previous section,
the system temperatures for the first 5 days of simu-
lation are depicted in Figure 10. Heat flows in the
system are depicted in Figure 11. Collector effi-

Table 3: Nominal operating conditions of the solar
heat collector system.

Quantity Value Unit
Q̇aux 0 kW
ṁr,i

4·mr(0)
3600 kg/s

Ta1 10 ◦C
Ta2 5 ◦C
Tw,i 5 ◦C
ṁhw

50
24·3600 Npers kg/s

ṁc
2×103

3600 kg/s
ṁf

150
3600 kg/s

Q̇′′ie 0.5 kW/m2

ṁCO2,g
1

24·3600 Npers kg/s
xCO2,i 400×10−6 –
pa 1.01×105 Pa
Paux 1 $/kWh
Tcx (0) 44.326 ◦C
Tfx (0) 41.508 ◦C
Tw (0) 48.78 ◦C
Tf (0) 26.3 ◦C
Tm (0) 24.15 ◦C
Tr (0) 18.563 ◦C
mr (0) 75.584 kg
xCO2 (0) 660.42×10−6 –

Figure 10: Temperatures at various positions in the
system with realistic disturbance inputs.
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Figure 11: Heat flows at various positions in the sys-
tem with realistic disturbance inputs.

Figure 12: Collector efficiency in the system with
realistic disturbance inputs.

ciency in the system is depicted in Figure 12. The
results of Figure 12 confirm the importance of mod-
ifying the collector model to avoid negative effi-
ciency.
In a second simulation, a thermostat controller is
used with room temperature setpoint of T ref

r = 20 ◦C.
The temperatures for the first 5 days of simulation
(simulation time ∝ 10s) are depicted in Figure 13.
The auxiliary heat flow is depicted in Figure 14.
Heat flows in the system are depicted in Figure 15.

Discussion

The simulations, Figures 10–15, give results that
seem to be reasonable from a physical perspective:
Temperature levels decrease from that of the collec-
tor fluid to that of the ambient temperature (Figures

Figure 13: Temperatures at various positions in the
system using thermostat controller.

Figure 14: Auxiliary heat input to storage tank using
thermostat controller.

Figure 15: Heat flows at various positions in the sys-
tem using thermostat controller.
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10, 13), the heat flows seem reasonable (Figures 11,
15), the collector efficiency is as expected (Figure
12), and the auxiliary heat input appears to come
into use when the solar irradiance is reduced (Figure
14). These results verify that the model has a sound
physical structure. In order to validate the model, it
would be necessary to compare the model with ex-
perimental data, and possibly to tune the model and
possibly change its complexity.

The model that has been used for the collector is
relatively simple. The reason for this is that only
the total forecast Q̇′′ie was available, and not beam
irradiance, etc. (Figure 3). Also, the model for
the water storage system is simple — too simple
to be realistic, which is seen in that the tempera-
ture is lower than one would observe in reality. A
model that better captures the stratification would
improve the overall model; this could perhaps be
achieved by using a 2–3 compartment description of
the storage tank. Also, the model for the under floor
heating (UFH) is somewhat simple, and should be
improved. Other heating facilities should perhaps
be introduced, e.g. a radiator. The model for the
room/building itself is somewhat simple; it would be
of interest to consider a building with more than one
room, and somewhat more realistic heat transport
through walls, etc. Finally, the description of the
ventilation system is too simple: modern buildings
normally have some sort of heat integration/heat re-
covery in the ventilation system. In the simulations
here, no heat integration is used for the ventilation,
and the result is that the heat loss through ventila-
tion (e.g. Figure 15) is the dominating heat loss.
This heat loss through ventilation is the reason for
the relatively large amplitudes in the temperatures
(e.g. Figure 13 except ambient temperature); heat in-
tegration would dampen these variations. Also, the
IPCC forecasts of future atmospheric CO2 concen-
trations indicates the importance of heat integration
in the ventilation system.

The heat transfer coefficients that have been used are
constants. In reality, heat transfer will vary with flow
rates of liquid, etc. Correlations for heat transfer co-
efficients would also improve the model.

Finally, it is observed that although MATLAB is
good for testing prototypes of models, it would be
more efficient to build up a library of unit opera-
tions which is possible in e.g. Modelica: this would
make it much easier to change the topology of the

system. Building libraries exist for Modelica, but in
this study the emphasis has been on testing models
that are suitable for control studies.

CONCLUSIONS
This paper discusses the structure of models for so-
lar heating of buildings applied for on-line control
and optimization, with varying levels of detail. A
simple model is developed and verified through sim-
ulations without and with auxiliary heating of the
storage tank. Of particular interest is that the heat
loss through ventilation is considerable; this also
leads to a relatively large variation in room tem-
perature. The main contribution is in putting to-
gether submodels from different fields and publica-
tions into a relatively complete model structure for
control of a residential building. A second contri-
bution is the discussion of key disturbances in the
system.
Future work will consider (i) the detail level of so-
lar collector models, (ii) the detail level of storage
tank models, (iii) the detail level of buildings with
improved description of under floor heating, possi-
bly with more rooms, and with energy recovery of
the ventilated air. Such more complex models will
benefit from the use of modern modeling languages,
e.g. Modelica. It is of interest to validate the models
further against measurements. The main application
for the complete system model will be control and
on-line optimization.
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