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SUMMARY

On-site evaluations of three solar thermal heating system
concepts were carried out. These are the compact combisystem
unit with gas auxiliary heater (REBUS-gas), the unit with pellets
auxiliary heater (REBUS-pellet) and the integrated collector
storage system ICS (Solior). The measurements followed the
theoretical system evaluation which was also part of NEGST
(/NEGST/). The theoretical evaluation of promising system
concepts is described in /Vog06/, which also contains a des-
cription of each of the systems. Besides these three system
concepts which were field-evaluated in detail with measure-
ments, other systems evaluated theoretically were very
successful on the market before the end of the project. Two of
these systems are the Compact heating unit for solar domestic
hot water (SDHW) preparation (auroCOMPACT) and the solar
heating system concept with water filled collector loop
(AquaSystem). Thanks to the large number of installed systems,
many experiences could be gained.
This report summarizes the results of the field measurements
taken on the three system concepts evaluated scientifically. Also
it includes some of the experiences gained from the system
types installed in large numbers and directs the reader to two
separate reports where the experiences are described in more
detail.

This following section SELECTED RESULTS presents highlights

of the evaluation. The complete information can be found in the

documents mentioned below and listed in the section

REFERENCES. As a general result it can be stated that:

» The system performance often exceeded the expectations.

» Secondary benefits turned out to be important (e.g.: the
marketing of the system concept with water filled collector
loop was particularly successful because the concept turned
out to be well suited for retrofit installations; the reduction of
circulation heat losses, enabled by the controller of the
REBUS-gas system, contributed significantly to the gas
savings observed in the demonstration house during the on-
site evaluation).

The main authors of the most important sections of this report

are: Alexander Thir (reporting on REBUS-gas); Chris Bales

(REBUS-pellet); Anton Schaap (ICS, Solior).
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SELECTED RESULTS
Combisystem unit with integrated gas auxiliary heater (REBUS-gas)

Boundary conditions for a Danish/Swedish solar combisystem
The Danish energy sources for heating residential buildings are mainly based on natural gas or
district heating. This is why a concept of a solar combisystem in combination with a condensing
natural gas boiler was developed in Denmark in close cooperation with the Danish main industry
partner, Metro Therm A/S (/Thu06/, /Thu07/, /FurQ7/). In Sweden, pellet heating is a common
auxiliary heater in solar combisystems. In addition there are many electrically heated houses of
which the space heating system will be converted to other energy sources in the next few years
due to governmental incentive mechanisms. The REBUS concept shall be suited for both
markets. Further main boundary conditions specific for the situation in Denmark are:

> Till now, in Denmark solar combisystems are relatively small. Typical design figures are 8 m?
collector area and up to 300 litre domestic hot water storage volume, where the collector
loop is directly connected to the space heating loop via a plate heat exchanger. This system
design does not allow storage of solar heat in a water tank for space heating purposes,
therefore the solar fraction is very low. In the last years, larger systems using several types
of tank in tank concepts are used. Also due to the rising energy prices it is expected that the
demand of competitive, advanced and compact solar combisystems is getting larger in
future.

» One-family houses in Denmark typically have no basement. Therefore, also no technical
rooms exist where a lot of space is available to install the heating system. Due to this fact,
heating systems are more or less integrated in the living area, which means that they are
situated e.g. in the entrance room, the bathroom, the kitchen or a store room. Because the
heating system is optically present in the living area, it is a strong need to have a nice design
and to have all the pipes and other components hidden behind an optically nice facade. Also
the space requirement for the installation should be minimized.

» Since, due to the small market, the experience of installers in solar heating technology is
typically rather low, a high degree of prefabrication of the solar combisystem is the best
solution to avoid installation mistakes. Prefabrication typically also reduces the installation
cost and increases the efficiency of the whole system.

» The system design shall be flexible in order to be able to integrate boilers from different
producers and different types of boiler (e.g. natural gas-, oil-, pellet boiler) as well. The
system concept should also be easily usable for different system size which means solar
heating systems with low to high solar fraction. A main focus shall be to develop a system
concept including an advanced control algorithm which leads to best possible operating
conditions for both the condensing natural gas boiler and the solar collector in order to get
the highest possible overall system performance.

Description of the system

Based on the boundary conditions described above, the following system concept was
developed, which is shown in figure 1. The solar combisystem consists of two main units, the
solar store unit and the technical unit.

The solar store unit is integrated in a compact and nice looking cabinet with a ground area of
60 x 60 cm, as long as the volume is less than about 400 litres. For larger volumes, several such
units can be connected in series and placed side by side. For reduced heat losses also a large
single tank can be used which allows a hydraulic connection to the technical unit as it is needed
according to the system concept (see also figure 2).

The technical unit includes the controller and all hydraulic components (pumps, valves,
expansion vessel, heat exchangers, etc.) which are needed to collect energy from the heat
sources (boiler and solar collector) and to distribute it in the most efficient way directly to the
demand (space heating loop or domestic hot water preparation) or to store the energy with a
minimum of exergy losses according to the temperature level of the energy input and the actual
stratification in the tank. This technical unit can be delivered to the installation site totally
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prefabricated, also with the condensing natural gas boiler inside. Then the remaining installation
work which needs to be done is only to connect the pipes between the technical unit and the
solar store unit and between the technical unit and the piping in the house (space heating,
domestic hot water, solar loop, natural gas and exhaust pipe) plus some small electrical work.
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Fig. 1: The compact solar combisystem as two units with 60 x 60 cm ground area: On the left
side a solar tank and on the right side the prefabricated technical unit in which the condensing
natural gas boiler, the controller and all the other components like pumps, switching valves,
mixing valves, expansion vessels, plate heat exchanger, etc. are located.
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Fig. 2: Hydraulic scheme of the solar combisystem.
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Due to the modular approach and the fact that the technical unit contains all parts necessary for
a complete heating system, it can be sold on its own. It is then completely prepared for solar,
which can be added at a later stage by installing the collector and connecting it to the technical
unit and hydraulically connecting the technical unit to the solar store by 5 pipes.
The main criteria when developing this system concept was to optimize the operating conditions
for the two energy sources solar collector and condensing natural gas boiler. For high efficiency,
both need lowest possible return temperatures. Unfortunately most of the condensing natural
gas boilers have integrated bypass valves, which are raising the return flow temperature if the
flow rate is lower than the allowed minimum flow rate. Typically, this minimum flow rate is
between 450 and 600 litres per hour. But a radiator space heating system is operating with flow
rates mostly between 100 and 400 litres. To make these different flow rates fit together, a buffer
volume is needed.
In combination with condensing natural gas boilers, which have sufficient high peak power
(about 30 kW) for direct hot water preparation an advanced control concept can be used. The
main difference of this concept is to use the auxiliary volume as a buffer, but NOT to keep the
auxiliary volume at a high set temperature (typically 60-70°C) for domestic hot water prepa-
ration. This is possible because the boiler is powerful enough to cover the domestic hot water
demand directly. Therefore, the boiler is always operating at lowest possible forward tempe-
rature including the possibility to use the auxiliary volume as a buffer. The advantage resulting
from this approach is due to several effects:

» Especially in wintertime, the average tank temperature in the top part is comparable low and
therefore, also the heat loss of the tank is lower.

» Since the average tank temperature in the top part is lower, this in fact is enlarging the heat
capacity, which can be used by the solar collector to gain and store more solar energy into
the same tank volume. Especially in small tanks (e.g. 90 litres auxiliary volume as part of a
300 litre tank) this can lead up to about 20% more effective useful heat capacity.

» The average temperatures in the pipes connecting boiler and tank are lower and therefore
again the heat losses are lower. This is also true for the hot forward flow pipe between the
tank and the mixing valve.

» Due to the lower temperature level the boiler in average is operated, higher condensation
rates of a condensing natural gas boiler can be expected which is increasing the boiler
efficiency.

» Using an auxiliary buffer volume also is dramatically reducing the start/stop frequency of the
boiler. This has positive effects on the reliability of the boiler components and the flue gas
quality. Furthermore it leads to reduced emissions.

Furthermore, an advanced control strategy for the domestic hot water circulation pump was
integrated, the so called “circulation on demand”. The circulation pump is not running all the time
but switched (triggered) on when hot water is tapped. The pump continues to run for some time
afterwards. Once the hot water circulation is activated, it takes about 20 seconds (in the
demonstration house, which is described later) until hot water is available at the tap without
continued tapping. If people are adapted to this system the short waiting time may be used for
other activities and its disadvantage is small compared to the huge amount of energy saved.

Description of the demonstration house

The demonstration house used for the REBUS-gas system is situated in the small town
Helsinge, about 40 km north of Copenhagen (56°01' N, 012°12"' E) and occupied by two adults
and one teenager. The house shown in figure 3 has three floors: the basement with an entrance
room, a bedroom, a bathroom and the technical room, the first floor with kitchen, living room and
dining room and the second floor with two bedrooms and a bathroom. The house is about 9 m in
length (east-west) and 7 m in width. Therefore, the gross area in the basement and the first floor
is about 63 m? and in the second floor 46 m? which results in a total area of about 172 m?.

The space heating distribution system mainly consists of several old cast iron radiators. The
bedroom in the basement has floor heating with an extra pump with integrated mixing valve,
which is controlled by a room temperature sensor. The other floor heating loops, each with a
return temperature control thermostat valve, are in the entrance room and in the bathroom in the
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basement as well as in the bathroom in the second floor. These floor heating loops are supplied
with the same forward temperature as the radiators.

The old heating system in this demonstration house was supplied with heat by a non

condensing natural gas boiler. For domestic hot water preparation the natural gas boiler heated
a hot water tank:

» Natural gas boiler: Vaillant, nominal power: 22 kW; construction year: 1990
» Domestic hot water tank volume: 50 litres

» Number of pumps: 3; The main pump was integrated in the gas boiler, one extra pump for
the floor heating in the bedroom in the basement and one hot water circulation pump.
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