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Executive Summary
This report describes the optimised solar and heat pump systems developed in the
MacSheep project as well as the simulation results for these systems. Four systems have
been developed by four different development groups, each with one private company
participating. The development groups have chosen different types of systems as well as
different target loads for their systems, which give a wide coverage of the potential markets.
The aim of the project was to achieve a 25% performance increase compared to state of the
art systems, while being cost-competitive compared to the state of the art.
Two reference state of the art solar and heat pump systems have been defined, modelled,
and simulated to derive benchmark electricity demands and SPF values for the boundary
conditions that were defined for the MacSheep project. The reference systems used the
ground (boreholes) or air as a heat source for the heat pump. The chosen boundary
conditions were the climates of Zurich and Carcassone, a realistic DHW load, and two
buildings, one representing a modern low energy building (SFH45) and one representing an
existing building (SFH100). These reference systems and boundary conditions were defined
within the first year of the project, and are used throughout the project.
New components were developed for the MacSheep solar and heat pump systems and
these developments are reported in the reports of work packages 3 – 6. Component models
have been programmed and validated with laboratory measurements.
In this report, simulation results for the four MacSheep systems are compared to the relevant
reference system in order to quantify the expected performance increase. These simulations
include the component models with their validated parameters and performance obtained
from phase 3 of the project.
In addition, the costs of the systems were estimated. The key performance indicator for the
final system developments was defined as a figure for electric savings (25%) compared to
the state of the art at competitive (i.e. comparable) cost. Therefore, cost-savings that were
achieved for some of the components that were developed were allowed to be compensated
by increased cost for other components or increased collector areas in order to show the
project's achievements in the light of the defined key performance indicator.
At present, the updated simulations show electric savings of 17%, 24%, 26%, and 30%,
respectively, for the different developments and the different target heat loads.
Three of these systems will be built and tested during 2015, using the whole system test
method that was further developed within the MacSheep project (see report D2.3 for more
details). The results from these tests will give benchmark energy used of these systems both
for the test sequence itself but also on an annual base. In addition, the simulation models
described in this report will be verified against the measurements and then used for annual
simulations for other boundary conditions than the once that are represented in the test
sequence.
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1 Introduction
Within the MacSheep project, solar thermal and heat pump systems that achieve 25%
energetic savings compared to the current state of the art are developed. These
developments take place in four different development branches that are carried out by the
following groups of partners:


Energie Solaire SA & HSR-SPF & IWT TUG



Ratiotherm GmbH & Co. KG & SERC



VIESSMANN Faulquemont S.A.S., CEA INES



Regulus spol. s.r.o., CTU

Within the first and second phase of the project in the year 2012, breakthroughs for
materials, components and control that lead to higher energetic performance and/or lower
cost of the system were analyzed and selected (see Figure 1). The selection was based on
an analysis of the cost-effectiveness of the new development. The effect of potential
breakthroughs on the energetic performance was determined by annual simulations. The
cost difference compared to a system without this breakthrough was estimated based on the
experience of the industrial partners on one hand, and on best guess for new products or
methods for production on the other hand.

phase 1

phase 2

phase 3

phase 4

Identification
of breakthroughs

Analysis
of costeffectiveness

Development
of selected
components / control

Demonstration
in built systems

2013 - 2014

2015

2012
Figure 1: Phases and time-line of the MacSheep project.

Reports D3.4, D4.4, D5.4 and D6.4 give details of the developments in the project within the
field of collectors, heat pumps, storage and control, respectively, while this report D7.3 gives
information about the whole system and energy savings compared to a state of the art
reference system.
In this report, the groups developing the new concepts in the MacSheep project present their
optimized systems based on system simulations. Most of the models used in the simulations
have been validated against data from prototypes or commercial products. Table 1
summarizes the target systems and building types for the four systems developed. More
details are given in the following chapters.
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Table 1:

Summary of the target loads for the system and heat sources for the heat pump.

Low heat load

ESSA/IWT/SPF

(SFH45)a)

High heat load
(SFH100) a)

X

X

Ratiotherm/SERC

Ground
source

Air
source

X

X

Regulus/CTU

X

Viesmann/INES

X

Solar
only

X
X

X

X: Reference system / target load; X: Main target load for which the system is optimized.
(SFH45 and SFH100) and reference climates are defined in the appendix.

X
a)

Load defintions

Table 1 shows the target loads for which the systems are designed. In addition it shows for
which load the system has been optimised as well as the heat source for the heat pump. In
this report the performance of these systems is compared to that of a state of the art
reference system that has also been modelled and simulated in detail. There are two
different reference systems, both of the same basic design, one with a borehole as a heat
source, and one with a variable speed air source heat pump. These reference systems as
well as the two heat loads are defined in the Appendix. The two climates used in the project,
those for Zurich and Carcassone, are also summarised in the Appendix.
In the sections describing the simulation results for the four systems, the following
abbreviations are used:


GSZ45

GSHP with the climate of Zürich and the SFH45 building



ASZ45

ASHP with the climate of Zürich and the SFH45 building



GSC45

GSHP in the climate of Carcassonne and the SFH45 building



ASC100

ASHP in the climate of Carcassonne and the SFH100 building
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2 Ground source system for low heat demand by Regulus & CTU
The solar and heat pump system developed by Regulus and Czech Technical University
(CTU) focuses on application in low energy houses (newly built or retrofitted) with low
temperature heating systems. The system’s main new components are:


Glazed PVT collectors provide heat for the lower zone of the storage tank and electricity
(DC/AC inverter) for covering the system electricity consumption. If surplus electricity is
available, it is used for the electric heater to charge the upper part of the storage tank
(DHW zone) to high temperatures (90 °C).



The ground source heat pump is decoupled from the low temperature heating system
by the storage tank. The condenser is mainly used for charging the space heating (SH)
zone while a desuperheater charges the DHW part at higher operation temperature. In
case of high DHW load condenser and desuperheater are connected in series for
delivering heat to the DHW zone of the storage.



The storage tank is optimized for DHW preparation with a large internal heat exchanger
and a dividing plate between the DHW volume and the rest of the store.

The square view diagram for the system can be seen in Figure 2, while a schematic is shown
in Figure 3.

Figure 2: Square view diagram of the concept developed by Regulus and the Czech Technical University.
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Figure 3: Schematic of the optimized system developed by Regulus and the Czech Technical University.

2.1

Components

Table 2 summarizes the technical specifications for the optimized system from Regulus/CTU.
Table 2: Component details for the optimized MacSheep system from Regulus and Czech Technical University.

Description

Size / Type
PVT: 12 m2 / 2.0 kWp

Collector (aperture area)
Heat pump capacity at B0W35

5.5 kW

Total pipe runs between store, heat pump and heat delivery

15 m

Storage tank
Volume (including internal heat exchangers, pipes etc)

903 l

DHW heated volume (from top to charge outlet)

299 l

Space heating volume (between inlet and outlets)

207 l

Solar heat exchanger

2.1 m2 / internal tube / 12 l

DHW heat exchanger

3+6 m2 / internal tube / 10+20 l

Estimated heat losses based on identified heat loss coefficients a)
Whole store 60ºC

3.84 kWh/day

DHW volume at 60ºC, space heating volume at 40ºC, rest at 25ºC

2.00 kWh/day

a)

for a room temperature of 15ºC
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Heat pump
The heat pump nominal heat output is 5.5 kW and the COP 4.3 at B0/W35 (without using the
desuperheater). After evaluation of a variable speed compressor, this option was discarded
and a compressor with constant speed is used. The size of heat exchangers for the heat
pump was optimized. More details on the heat pump can be found in report D4.4.
Storage
The volume of the combined storage tank is 903 l, thus higher than in the reference system.
The storage tank has two internal heat exchangers for DHW heating placed in the lower (SH)
and upper (DHW) zone, connected in series. The upper heat exchanger has a high surface
area in order to reduce the needed DHW zone temperature to a minimum while still providing
the comfort DHW temperature. An internal heat exchanger for the collector loop is placed in
the lower zone of the tank. A steel plate is separating the space heat zone from the DHW
zone, with two DN50 tubes connecting the two zones. More details can be found in report
D5.4.
Hydraulics
The pump station for the solar loop is placed on the storage tank shell in order to reduce pipe
runs (by at least 1 m each for flow and return) and thus heat losses. The pump station for the
heating circuit is also placed on the storage tank shell. Both pump stations are equipped with
low energy pumps.
Collector
A glazed solar hybrid photovoltaic-thermal collector was developed for combined heat and
power production for the Regulus/CTU solar and heat pump system. All the produced heat
and electricity is used within the system. Although the performance of the glazed PVT
collectors is worse than that of the state-of-art reference solar collectors, the added electricity
production in combination with the heat pump provides an important advantage. A part of the
electricity is used directly for the heat pump and the other system components, and the
surplus electricity is used by an electric heater immersed in the upper part of the storage to
heat the DHW zone up to 90 °C. More details on the PVT development can be found in
report D3.4.

Developments that will not be included in the final system
A subcooler was tested, included in the prototype of a triple sink heat pump built in the labs
of CTU, and a semi-physical model for this development was made and validated by
experimental work. Finally, the subcooler has not been selected for the final Regulus and
CTU system due to the increased complexity that could not be justified by the limited benefit
for the combined solar and heat pump system. One reason for this is also that the solar
thermal heat input is to some extent a competitor for the heat that can be transferred from
the subcooler to the lower part of the storage. Furthermore, also the external heat exchanger
for the solar collector loop that was originally intended for enhancement of the stratification
has been discarded due to the increase in control complexity and number of pumps.
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2.2

Control

One controller handles the control of heat pump, solar loop and space heating circuit.
The heat pump is connected to the storage tank by four pipes (see Figure 3). When the
space heating zone is charged, a certain portion of the flow rate is redirected by a controlled
diverter to the desuperheater in order to achieve temperatures that are about 10 K above the
temperature in the DHW zone. In case of DHW demand that is higher than what is provided
by the desuperheater alone, condenser and desuperheater are used in series and the total
heat output is directed to the DHW zone by the controlled diverters (S1, S2).
Electricity produced by the glazed PVT collectors is used via a DC-AC inverter to cover as
much of the system electricity consumption (compressor, pumps, control) as possible at
every time step. Surplus electricity is used for charging the DHW zone at high temperature
(DHW sensor, set point 90 °C) or is free for use by other household appliances. For the
simulation results shown in this report, as much surplus electricity as possible is used for
charging the DHW zone.
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2.3

Simulation results and comparison with reference system

The system developed by Regulus and CTU is optimized for low energy houses. The
benchmark is the MacSheep reference system GSZ45 with Wel = 2.66 MWh and SPF = 4.13.
When calculated separately, the optimized storage achieves 12 % savings and the solar PVT
collectors achieve almost 13 % savings. However, the combined savings, including also the
desuperheater, reach "only" 24 % electric savings in comparison with the reference. Thus, as
anticipated to some extent, the savings of single breakthroughs are not additive by nature.

Table 3: Key performance figures for the optimised system, with difference compared to reference system given
in brackets. Figures in red are the boundary conditions for which the system has been optimised.
GSZ45

GSZ100

GSC45

GSC100

SPFSHP+,pen [-]

5.43 (+32 %)

-

8.55 (+47 %)

-

W el,SHP+,pen [MWh]

2.02 (-24%)

-

0.70 (-32 %)

-

There are significant savings in compressor electricity use (reduction by 316 kWh/a) due to
lower DHW charging temperatures and the use of a desuperheater. Glazed PVT collectors
deliver a smaller amount of low temperature heat into the storage tank than the conventional
solar thermal collectors in the reference case, but offer quite a high portion of high potential
heat through the electric heating element (1150 kWh/a) and also cover directly electricity
used by the system (179 kWh/a, presented as negative value in Figure 4).
System (thermal active parts only)
16

16
PV used by heat pump

14
El. Aux Heater

10

Heat Pump Evaporator

8

Solar Collector (direct)

6

El. Compressor

4
2

0
In

Heat Pump Evapora

12

Solar Collector (dire

10

El. Compressor

8
Losses

6

DHW

4

Losses

2

DHW

0

Space Heat

-2

Energy [MWh]

PV direct heating

12

Energy [MWh]

El. Aux Heater

14

Space Heat

-2
In

Out

Out

Figure 4: Overall system results for the optimised system (left) and reference GSHP system (right) for the Z45
boundary conditions.

In the case of Carcassone climate, the Regulus/CTU system performance results in high
electricity savings 32 %. No heat pump capacity scaling has been introduced. On the other
side, the aperture area of solar PVT collectors could be significantly reduced (from 12 m2 to
9 m2) and still reach the project goal of 25 % electricity reduction.
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2.4

Conclusions

The developed MacSheep system from Regulus and CTU is based on glazed PVT
collectors, an advanced heat pump with desuperheater, and a combined storage tank
optimized for DHW preparation. Simulations with validated component models at this
point of the project show 24% reduction of system electricity consumption for the
target heat load of a low energy family house (Zurich 45), and 32% for the climate of
Carcassonne. Thus, this system shows promising potential to meet the project target in final
system testing.
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3 Air source system for retrofit houses by Ratiotherm and SERC
The Ratiotherm system described here was designed specifically for higher heat loads
(SFH100) with a relatively high operating temperature for the radiator distribution system.
The system developed within the project is a standard parallel system using an air source
heat pump as shown in Figure 5. The following components have been developed within the
project:


A heat pump with economizer was developed in order to achieve a better performance
at higher condenser temperatures. A variable speed compressor allows for power
modulation and thus for adaption to the desired space heating load (see Figure 6).



The already advanced store with stratifier unit and heat traps sold by Ratiotherm for a
number of years has been adapted for use with heat pumps. To reduce heat losses
even further, a vacuum insulation panel (VIP) solution has been developed.

To enhance stratification external heat exchangers for DHW preparation and solar charging
are used (see Figure 6).

Figure 5: Square view diagram of the concept developed by Ratiotherm and SERC.
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Figure 6: Schematic of the system developed by Ratiotherm and SERC.

3.1

Components

Hydraulics and storage
The connection of the heat pump to the rest of the system is the same as in the reference
system, but the connection heights to the store have been optimized and a stratifier is used
in the store in order to improve system performance. All connections to the store come from
the bottom of the store, forming natural heat traps and creating an unbroken insulation cover
over the sides of the store. This, together with a new prototype VIP insulation construction
results in very low heat losses. In addition the pipe runs have been reduced compared to the
reference system. The external heat exchangers for DHW preparation and solar heat input
produce improvements in stratification compared to the reference system, but also lead to
extra heat losses outside the store.
Collectors
The collectors used in the system are high quality flat plate collectors with the same
performance as those used in the reference system. No development work in relation to the
collectors has been made for the Ratiotherm/SERC MacSheep system.
Heat pump
The heat pump cycle uses an economizer and variable speed compressor together with plate
heat exchangers for both, economizer and condenser. The air-source evaporator is of
standard fin-tubed construction. The compressor uses variable speed to match the heat load
and to minimize heat storage in the tank.
MacSheep – Deliverable 7.3
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Table 4 summarizes the technical specifications for the optimized MacSheep system from
Ratiotherm/SERC.
Table 4: Component details for the optimized MacSheep system from Ratiotherm and SERC.

Description

Size / Type
10 m2 / flat plate

Collector (total gross area)
Heat pump capacity at A2W35 @ 117 Hz

8.46 kW

Total pipe runs between store and heat pump

3m

Total pipe runs between store and solar unit system

1m

Total pipe runs between store and DHW unit system

1m

Storage tank
Volume (tank nominal volume)

920 l

DHW heated volume (from top to charge outlet)

469 l

Space heating volume (between inlet and outlets)

212 l

Solar heat exchanger

1.13 m2 / external flat plate

DHW heat exchanger

1.76 m2 / external flat plate

Estimated heat losses based on identified heat loss coefficients a)
Whole store 60ºC

2.07 kWh/day

DHW volume at 60ºC, space heating volume at 40ºC, rest at 25ºC

1.08 kWh/day
Storage tank: stratifier unit,
external heat exchangers for
solar and DHW loops, VIP
insulations.
Heat pump: variable speed and
economizer.

Other features

a)

for a room temperature of 15ºC. The heat loss coefficients are based on the design values and not on
measured values.

Developments that will not be included in the final system
During phase 3 of the project a cascade heat pump cycle with intermediate store was
developed, tested and modelled in detail. However, the results were not promising enough,
especially with regard to cost-effectiveness. Therefore, the much simpler solar and heat
pump concept that is presented here was developed after discarding the first approach.

3.2

Control

Only one control unit is used for all components. It handles the heat pump control, the solar
loop, the DHW module, and the space heating circuit. The compressor speed and thus the
heating capacity of the heat pump are controlled in a way to reach a set point for the flow
temperature at the outlet of the condenser, similar to the reference system.
MacSheep – Deliverable 7.3
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3.3

Simulation results and comparison with reference system

The Ratiotherm system has been optimized for the Zurich climate and the higher heating
load of the SFH100 house. This heat load has higher supply and return temperatures for the
radiator system, which is why an economizer cycle is particularly advantageous.
Table 5 shows the key performance figures for the optimized system. For the chosen
boundary conditions, it uses 17.2% less electricity and has a 20.7% higher SPF than the
reference system.

Table 5: Key performance figures for the optimised Ratiotherm system, with difference compared to reference
system given in brackets. Figures in red are the boundary conditions for which the system has been optimised.
ASZ45

ASZ100

ASC45

ASC100

SPFSHP+,pen [-]

-

2.93 (+ 20.7%)

-

3.53 (+ 20.7%)

W el,SHP+,pen [MWh]

-

6.91 (- 17.2%)

-

3.36 (- 17.1%)

Figure 7 shows the performance of the optimized Ratiotherm system compared to the
reference system for the SFH100 building in Zurich. The main difference on the system level
is shown clearly in Figure 7, with significant decrease in the store losses as well auxiliary
losses (losses from the compressor to ambient). This is due to the VIP insulation, compact
design, and a better compressor with less heat losses. The developed system has, however,
a more powerful fan for the evaporator that uses more energy than in the reference system.
System (thermal active parts only)

System (thermal active parts only)

30

30

25

Heat Pump Evaporator

20

Solar Collector (direct)
El. Compressor

15

Losses

10

DHW

5

Space Heat

El. Aux Heate

Energy [MWh]

Energy [MWh]

El. Aux Heater

25

Heat Pump E

20

Solar Collecto

El. Compress

15

Losses

10

DHW

5

Space Heat

0

0

In

In

Out

Out

Figure 7: Overall system results for the optimised Ratiotherm system (left) and reference ASHP system (right) for
the Z100 boundary conditions.
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3.4

Conclusions

The Ratiotherm system has been optimized for the Zurich climate and the SFH100 building.
This has resulted in an advanced heat pump cycle with economizer and variable speed
compressor, as well as significant reduction in heat losses. This is due to reduced heat
losses from the heat pump (better compressor) and the VIP insulation in combination with all
hydraulic connections at the bottom of the store. A total of 17% reduction in electricity
compared to the reference system has been shown by simulations.
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4 Solar only heat source system for low heat demand
by IWT, SPF and ESSA
The main market for this MacSheep system is for low energy houses with a space heating
demand of ≤ 50 kWh/(m2a), i.e. new houses or well refurbished ones. However, the system is
also able to cope with high temperatures (50 – 60 °C) for space heat distribution. The
system’s main new components are:


low cost selective absorbers as the only source for the heat pump and also for
charging the warm storage directly at low temperatures



a variable capacity heat pump with vapor injection (economizer) and
desuperheater that can serve space heating demand directly without a buffer storage for
most of the year



a vacuum insulated buffer storage with external heat exchangers for DHW and for
solar heat input. The inlets are equipped with a low-cost diffusor that leads to better
stratification when it is charged by the heat pump



a compact hydraulic solution that is placed underneath the storage insulation. This
solution leads to a negligible amount of DHW charging by the heat pump (DHW covered
mostly by the desuperheater and by direct solar gains) and only few hours where it is
needed to buffer heat for space heating produced by the heat pump.

A backup electric heater is installed in the heat pump loop after the condenser outlet but is
rarely used. The concept is shown in square view form in Figure 8.

Optional

Backup

Figure 8: Square view diagram of the concept developed by ESSA, IWT and SPF.
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Figure 9 shows the simplified hydraulic concept of the system. The main heating component
is the developed heat pump which is connected to the collectors on the source side and
optionally parallel connected with a small ice storage (300-600 litre).
The details of the hydraulic solution are hidden inside a black box in Figure 9. This part is a
confidential key-element of the development. All heat exchangers are external so the system
can easily be adapted for other boundary conditions.

Figure 9: Simplified scheme of the optimized system developed by ESSA, IWT and SPF.

4.1

Components

Table 6 provides the component simulation details for the optimized system at the end of
phase 3 of the MacSheep project. Most of the component parameters have been validated or
adapted to component measurements in the laboratory.
Storage
For the simulation of the storage a new plug flow model was developed and implemented in
TRNSYS. The store has no internal heat exchangers or stratification unit, but the inlets are
equipped with diffusors to limit mixing, which improves stratification in the store. Connection
pipes are angled down from connection point, and all connections and components are
under the insulation in order to reduce heat losses. More details on the plug flow model and
storage developments can be found in report D5.4.
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Table 6: Component details for the optimized MacSheep system from IWT TUG and HSR SPF

Description

Size / Type

Collector
type

unglazed selective
26 m2

Absorber area
η0 [-], b0 [s/m], b1 [W/(m2K)], b2 [J/(m3K)], α [-], ε [-]

0.954, 0.01, 11.96, 2.904, 0.917,
0.26

Heat pump
heating power at B0W35 @ 3600 rpm

4.9 kW

COP

4.0 / B0W35

Storage tank
Volume (including internal heat exchangers, pipes etc)

750 l

DHW heated volume (from top to charge outlet)

375 l

Space heating volume (between inlet and outlets)

194 l

Estimated heat losses on identified heat loss coefficients a)
Whole store 60ºC

3.91 kWh/day

DHW volume at 60ºC, space heating volume at 40ºC, rest at 25ºC

2.91 kWh/day

Heat exchangers
Solar heat exchanger

3135 W/K / external flat plate

DHW heat exchanger

3914 W/K / external flat plate

Total pipe runs between storage, heat pump and heat
delivery as used in simulations
a)

2.5 m b)

for a room temperature of 15ºC.

b)

All pipes between components are underneath the insulation of the storage and hydraulic units. Nevertheless, a
total of 2.5 meter of pipes has been simulated between the different components since the performance of the "all
under the insulation" solution is still largely unknown.

Heat pump
A semi-empirical heat pump model (Type 877) for TRNSYS (Heinz and Haller 2012) was
extended by the functionality to simulate an economizer cycle (new Type 887). The new
model allows for the use of an economizer cycle with a “flash tank” or a plate heat
exchanger, whereby the latter is used in this work. A plate heat exchanger is applied as
desuperheater.
The developed heat pump system uses a brine cycle as heat source. The heat pump model
and its parameterization was validated with the measurements of the heat pump prototype.
This is reported in deliverable 4.4.
For the additional boundary conditions (ASZ100, ASC45 and ASC100) an adaption
concerning the heat pump cycle has been made. The size of the plate heat exchangers
(evaporator, condenser, desuperheater) was changed compared to ASZ45 according to the
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heat loads in order to match the maximum used compressor speed. No scale-up was needed
for the variable speed compressor.
Hydraulics
Due to the compact design of the system, with all components mounted underneath the
storage insulation, the pipe runs between heat pump and storage are significantly shorter
than in the reference system. The reachable heat loss reduction of the components and
pipes is difficult to be estimated in the simulations and has not been validated yet. Therefore,
a total of 2.5 m of pipe runs have still been included in the simulation in order to be at the
safe side. More information about the storage and its integration can be found in report D5.4.
Collectors
The main change for the newly developed unglazed selective absorbers is the selective paint
that has replaced the previous black chrome coating. This leads to cost savings in the
production of the collectors compared to the existing version of unglazed selective
absorbers, and, even more, compared to standard glazed flat plate collectors. These cost
savings are used to install a larger collector area, which is needed for a system with solar
absorbers as the only heat source for a heat pump.

4.2

Control

Only one control unit is used for all components. It handles the heat pump control, the solar
loop, the DHW module, and the space heating circuit.
Collector Loop
The unglazed selective collectors are mainly working as a heat source for the heat pump. If
the heat pump is not in operation and the temperature level is high enough, the collectors are
used to load the lower part of the storage. The heat pump can be operated down to collector
supply temperatures of -16 °C. The mass flow is controlled depending on the collector use.
For loading the storage a low flow concept is used. If the heat pump is switched ON a much
higher mass flow is used.
Heat Pump
The compressor speed and thus the heating capacity of the heat pump is controlled in a way
to reach a set point for the flow temperature at the outlet of the condenser, similar to the
reference system.
DHW
The domestic hot water part of the storage is generally loaded by the desuperheater when
the heat pump runs for space heating in winter, and directly by heat from the selective solar
absorbers in the summer. In a yearly simulation the results show that the DHW volume is
only loaded 56 times directly by the heat pump and that this is mainly in summer time, when
no space heating is needed and thus no heat is coming from the desuperheater, while the
uncovered selective absorbers cannot deliver enough heat for DHW either. The ON criteria
for loading the DHW zone is set to 48°C and the OFF criteria is set to 52°C.

MacSheep – Deliverable 7.3

17/37

Space Heating
As long as the space heating zone of the storage is warmer than the supply temperature set
point for space heating, the heat pump is turned off and heat from the storage is used for
space heating. In this case, the supply temperature is controlled by a motorized mixing valve
with a set point that is dependent on the ambient outside air temperature. If the temperature
of the storage space heating zone is insufficient, the modulating heat pump delivers heat
directly to the space heat distribution without using the storage. To guarantee a minimum
running time of 15 minutes for the heat pump it is possible to bypass part of the flow into the
space heating zone of the storage.

4.3

Simulation results and comparison with reference system

This section shows the simulation results of the developed MacSheep system compared to
the reference system corresponding to the target heat load ASZ45. Table 7 shows that for
this case an increase of the SPFSHP+,pen of 35.8 % compared to the reference system could
be reached. The reduction of the electrical energy consumption amounts to 26.4 %. Figure
10 shows the according overall energy balance of both systems.
Additionally, Table 7 shows the results for the other boundary conditions (black). The el.
energy savings are in a range between 22 and 28 % for all considered conditions.

Table 7: Key performance figures for the optimised system, with difference compared to reference system given
in brackets. Figures in red are the boundary conditions for which the system has been optimised.
ASZ45

ASZ100

ASC45

ASC100

4.33 (+35.8 %)

3.1 (+27.9 %)

4.64 (+20.5 %)

3.85 (+31.5 %)

2.6 (-26.4 %)
6.48 (-22.3 %)
W el,SHP+,pen [MWh]
System (thermal active parts only)

1.27 (-22.8 %)

2.94 (-27.7 %)

SPFSHP+,pen [-]

16

16

El. Aux. Heater

14

12

Heat Pump Evaporator

12

10

Solar Collector to TES

Energy [MWh]

Solar Collector to HP

14

Energy [MWh]

System (thermal active parts only)

El. Aux Heat

Heat Pump E

Solar Collect

10

8

El. Compressor

6

Losses

4

DHW

4

2

Space Heat

2

El. Compress

8

Losses

6

DHW
Space Heat

0

0

In

In

Out

Out

Figure 10: Overall system results for the optimized SPF/IWT/ESSA system (left) and reference ASHP system
(right) for the ASZ45 boundary conditions.

The increased performance of the system is mainly due to a more efficient HP cycle and to
the reduced heat losses. The vacuum insulation has a positive effect on the heat losses of
the applied pipe runs and the heat pump cycle, since these are located underneath the
insulation. However, the increased surface area of the combined solution for storage and
hydraulics compensates this positive effect to some extent.
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4.4

Conclusions

The results of the simulations show an electrical energy savings potential of 26.4 %
compared to the reference system for the target heat load. For the other heat loads, savings
are between 22 and 28%. Thus, the developed system is a good option for a variety of heat
loads and it can be expected that it may be used quite flexibly for different heat load cases.
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5 Air source system for variable heat demand
by Viessmann and CEA INES
The system developed by Viessmann and CEA INES is illustrated in Figure 11. It is based on
glazed solar collectors and an air source heat pump that both charge a storage for DHW and
space heat. The development is aiming at both low energy and retrofit building markets
under European climates, but has been optimized for low energy buildings (SFH45).

Figure 11: Square view diagram of the concept developed by Viessmann and CEA INES.

Figure 12 shows the technical concept of the prototype that was developed:


An external DHW module is used instead of the previous large immersed DHW heat
exchanger of the Viessmann storage. With this measure, the temperature at which heat
for DHW needs to be delivered to the storage can be reduced and thus the COP of the
heat pump is better. Additionally, with the DHW module concept the store volume that
has to be heated to provide the same comfort as with an immersed heat exchanger can
be reduced.



A storage integrated immersed coil condenser is used to improve reliability and
robustness and reduce the complexity and number of components. This condenser is
used to supply heat in the store for both DHW preparation and space heating. Due to this
solution, destratification losses by direct inlets with high mass flows, typically
encountered when the heat pump is charging the storage, are avoided.



A variable speed compressor is used for the heat pump.

MacSheep – Deliverable 7.3

20/37



Storage connections were reduced and equipped with heat traps, while the insulation
thickness was increased compared to the previous system.

Figure 12: Schematic of the optimized system developed by Viessmann and CEA INES.

5.1

Components

One of the most significant result from the simulation study of the prototype is that the fixed
position of the power injection both for space heat and DHW charging from the heat pump to
the tank leads to reduced performance in the base case Zurich SFH45 air source heat pump.
This is to be balanced with the expected cost reduction through the simplification of the
whole system as illustrated in Figure 12. Therefore the system optimization work focused on
the adaptation of the heights of connections to the tank, the size of the condenser and store
insulation thickness. This led to the final prototype specifications summarized in Table 8.
Table 8: Component details for the optimized MacSheep system from Viessmann and CEA INES.

Description

Size / Type
13 m2 (apert.) / ETC

Collector
Heat pump capacity at A2W35

5.6 kW

Total pipe runs between store, heat pump and heat delivery

3.8 m

Storage tank
Volume (including internal heat exchangers, pipes etc)

750 l

DHW heated volume (from top to charge outlet)

270 l

Space heating volume (between inlet and outlets)

250 l

Solar heat exchanger

1.8 m2 / tube / 12 l

DHW heat exchanger

1.4 m2 / external flat plate / 1.2 l

Integrated condenser

2m² / tube / 1.8l

Estimated heat losses based on identified heat loss coefficients a)
Whole store 60ºC

2.93 kWh/day

DHW volume at 60ºC, space heating volume at 40ºC, rest at 25ºC

2.77 kWh/day
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a)

for a room temperature of 15ºC.

External DHW module
Thanks to the use of an external heat exchanger module, a relatively low temperature level
of water in the buffer tank can be used while still supplying 45°C DHW. The parameters of
the DHW external model have not yet been calibrated against test results: model parameters
have been adjusted with the output of a plate heat exchanger manufacturer software instead,
choosing a heat exchanger design close to the real plate heat exchanger integrated in the
module.
Tank heat losses
The concept of heat traps integrated into the tank connections required an increase in the
insulation thickness. A sensitivity analysis of the insulation thickness parameter was carried
out to evaluate the effect at a global system level. The results showed that electricity
consumption of the system is slightly reduced thanks to the change from 100 mm to 140 mm
insulation. They also showed that extra insulation above this thickness does not reduce
proportionally the electricity consumption for the considered system. The theoretical value of
heat loss coefficient (2.70 W/K) that was derived with a methodology to account for
"imperfections" of the insulation1 matches well the measured value of 2.72 W/K. Further
details on the storage tank developments can be found in report D5.4.
Optimization of the integrated condenser
In order to evaluate more realistically the performance of the whole system, the thermal
storage plug flow model Type 1924 (Haller and Carbonell 2014) and the heat pump model
Type 877 (Heinz and Haller 2014) were extended for the MacSheep project by SPF and IWT.
These components can now be coupled such that the temperature of the store’s nodes at the
height of the integrated condenser can be connected with the condenser calculation process
of the heat pump model. This procedure allows for the exchange of temperature and power
for 10 segments along the integrated condenser, at different heights of the storage. More
details on this development and its modelling can be found in report D5.4.
The system simulations with the realistic model of integrated condenser revealed high
sensitivity of the SPFSHP+,pen to the integrated coil condenser area, with a +13% improvement
for 5 m² compared to 1 m² outer surface area. An area of 2 m² was chosen as the maximum
that can be easily integrated within the tank, considering also the inlet and outlet position of
the SH circuit.
Solar collector
The cost savings that were achieved with the integration of the condenser in the storage tank
allowed for the use of evacuated tube collectors (ETC) of 13 m 2 instead of the flat plat
collectors that were used in the reference system. For the considered prototype it shows that
more solar energy charged at high temperature in the case of EPC reduces the use of the
heat pump at low COP in DHW operation mode significantly. Thus, ETCs perform better than
flat plate collectors for all boundary conditions.

1

Same methodology as used in the IEA SHC Task 44 / Annex 38 and previous IEA SHC Tasks.
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5.2

Control

The principle of the control of the prototype is similar to the one of the reference system. The
heat pump is activated to keep respectively the temperature at the middle of the tank close to
the SH set point temperature, and the temperature at top of the tank close to the DHW set
point temperature.
The dynamic of variable speed compressor PI control as well as the stopping threshold for
the space heat set point temperature in the tank were adjusted to take into account the high
inertia of the immersed coil condenser compared to the external plate heat exchanger from
the reference system.
The first prototype simulations revealed that significant part of the heat supplied by the heat
pump in DHW operation mode is actually used for the space heating circuit. Therefore an
analysis of the DHW consumption profile over the whole year was performed and a weekly
time-schedule for the DHW heating set point temperature was derived in order to better
match the real DHW demand. A model to build this time-schedule with a self-learning
algorithm in real time is reported in D6.4.
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5.3

Simulation results and comparison with reference system

The system prototype was optimized for the ASC45 boundary conditions and the
corresponding simulation results are given in Table 9. It shows that for the target heat load,
an SPF of > 5 can be achieved with this MacSheep system, achieving electric savings in the
order of 30%, while the electric savings for other heat loads are in the range of 9 to 21 %.
Table 9: Key performance figures for the optimised Viessmann system, with difference compared to
reference system given in brackets. Figures in red are the boundary conditions for which the
system has been optimised.
ASZ45

ASZ100

ASC45

ASC100

SPFSHP+,pen [-]

3.47 (+10%)

2.69 (+11%)

5.19 (+ 35%)

3.57 (+22%)

W el,SHP+,pen [MWh]

3.15 (-12%)

7.61 (-9%)

1.15 (- 30%)

3.22 (-21%)

10
9
8
7
6
5
4
3
2
1
0

System (thermal active parts only)

El. Aux Heater
Heat Pump Evaporator
Solar Collector (direct)
El. Compressor

Losses
DHW
Space Heat

In

Out

Energy [MWh]

Energy [MWh]

System (thermal active parts only)
10
9
8
7
6
5
4
3
2
1
0

El. Aux Heater

Heat Pump Evaporato

Solar Collector (direct)
El. Compressor

Losses
DHW
Space Heat

In

Out

Figure 13: Overall system results for the optimised Viessmann system (left) and reference ASHP system (right)
for the ASC45 boundary conditions.

5.4

Conclusions

The updated simulation results for the Viessmann / CEA system concept has shown that
electric savings in the order of 30% can be expected for the target heat load, while the
electric savings for other heat loads are in the range of 9 to 21 %.
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6 Conclusion on all four system developments
Four systems have been developed by four different development groups, each with one
company participating. The development groups have chosen different types of systems as
well as different target loads for their systems, leading to a wide coverage of the potential
markets.
The aim of the project was to achieve a 25% performance increase compared to state of the
art systems, while being cost-competitive with the state of the art. In order to quantify the
performance increase, the simulation results for the four MacSheep systems have been
compared to a relevant reference system based on a state of the art system that was defined
at the start of the project. In addition, the project costs of the systems were estimated.
At present, the updated simulations show electric savings of 17%, 24%, 26%, and 30%,
respectively, for the different developments and the different target heat loads.
At least three of these systems will be built and tested during 2015 using the whole system
test method2 that was further developed within the MacSheep project. The results from these
tests will give benchmark energy used of these systems both for the test sequence itself but
also on an annual base. In addition, the simulation models described in this report will be
verified against the measurements and then used for annual simulations for other boundary
conditions than the once that are represented in the test sequence.

2

see report D2.3 for more details.
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Annex A Simulation boundary conditions and key figures
A.1

Boundary conditions

Climate
For the MacSheep project the climates of Zurich (ZU) and Carcossonne (CA) have been
used for the simulations. The Carcassonne climate is from the TRNSYS extended weather
data that uses Meteonorm (2009) data. A test reference year was assembled for Zurich
(ZUTRY) by Peter Vogelsanger (SPF) in 1999, selecting months from 5 years (1994-1998) of
measured data from the weather station SMA Zurich-Fluntern. The weather data was
obtained at the time by MeteoSchweiz.
The basic data of the climates are shown in Table 10. It can be seen that for Carcassonne
the average ambient temperature (  amb ) is 4 ºC higher, and the design heating temperature
(  amb , D ) is 5 °C higher, than for Zurich. Also the irradiation on the 45° inclined south facing
surface is higher by 255 kWh/m2. Figure 14 shows the monthly distribution of the irradiation
for a south facing surface inclined 45º. It shows that the summer irradiation is very similar in
the two climates, but that the winter irradiation is significantly higher in Carcassonne.
Table 10: Summary for the two MacSheep climates.

Location

Lat.

Alt.
m

 amb, D

 amb

°C

°C

Itot,45S
kWh/m2a

Carcassonne

43.22N

130

-5.0

13.2

1561

Zurich TRY

47.37N

413

-10.0

9.1

1306

200
180
160

kWh/m2

140
120
100
80
60
40
20

0

Zurich TRY

Carcassonne

Figure 14: Monthly total irradiation on a 45º slope facing south for the two climates of Zurich TRY and
Carcassonne.
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Buildings
The parameters for the building models were defined in T44A38 (Dott et al., 2012) and used
in the MacSheep project for the SFH45 and SFH100 buildings. The basic data can be seen
in Table 11. It shows that for Carcassonne the space heating load is less than half of the
value for Zurich.

Table 11: Key data for the two buildings SFH100 and SFH45 in the two climates CA and ZUTRY.

CA

ZUTRY

CA

ZUTRY

Building

-

SFH45

SFH45

SFH100

SFH100

Design space heating
flow temperature

°C

35

35

55

55

Design space heating
return temperature

°C

30

30

45

45

Design heat load

kJ/h

10380

12290

18750

21440

Space heat demand

kWh/m2

23.5

59.3

62.0

123.1

Diff. to ZUTRY

%

-61%

0%

-50%

0%

The monthly loads for the two buildings and the two climates presented in Figure 15 show
that the heating season is much shorter in Carcassonne than in Zurich.

30
25

16

Zurich TRY

14

Carcassonne

12

kWh/m2

kWh/m2

20
15
10

10
8

6
4

5

2
0

0

HeatLoad SFH 45

HeatLoad SFH 45

HeatLoad SFH 100

HeatLoad SFH 100

Figure 15: Monthly heating loads for the two climates of Zurich TRY and Carcassonne and the two buildings
SFH100 and SFH45.
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Table 12 shows the key data for the size of heat pumps needed for the different climates.
Table 12: Key data for the sizing of the heat pumps and the space hear distribution.

CA

ZUTRY

CA

ZUTRY

-

SFH45

SFH45

SFH100

SFH100

Design load for heat distribution

kW

3.8

4.4

6.8

7.7

Heat pump size

kW

4.3

5.0

7.3

8.2

Building

As the main factor for the heat pump size is the building, only two sizes were used for the
MacSheep reference systems, namely the ones for the SFH45 (5.0 kW) and SFH100 (8.2
kW) based on the value for Zurich climate.
DHW Load
The DHW load is not the same as the one used in T44A38. Instead a profile with more
variation in flow rates and greater number of discharges with small flow rates was chosen to
be more realistic. This is needed to ensure that the systems developed within the project can
supply a wide range of conditions. The DHW load is summarized in Table 13. The profile is
derived with the program DHWCalc developed by Jordan, with the theory described in Weiss
(2003).
Table 13: Key data for DHW load.

m3

73

-

28.8

Annual discharge energy for Zurich climate

kWh

3038

Max Flow over TRNSYS timestep

kg/h

997

Min Flow over TRNSYS timestep

kg/h

3.0

Max Flow for UA-Calculation

kg/h

1046

Min Flow for UA-Calculation

kg/h

6.0

Total Volume (45-10°C)
Average Number of tappings per day
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600
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Figure 16: Monthly DHW load (left) and accumulated DHW volume versus flow rate (right) for the MacSheep
DHW load profile.

Figure 16 shows the variation in monthly DHW load (left), which has roughly 30% lower load
during the summer than the peak in March/April. The right hand figure shows that the
majority of the total discharge volume comes from discharges with a flow rate of around 250
l/h, with other significant discharge volumes for flow rates of 500 and 700 l/h.

Borehole
The general parameters for the borehole, its heat exchanger and the ground as well as filling
are defined in Haller et al. (2012) and are not changed within MacSheep.
The boreholes are sized in accordance with the size of the heat pump. The sizing
methodology of VDI 4640 - 2 (2001) was used, and it was found that the limiting factor was
the maximum rate of heat extraction per meter of heat exchanger. A standard value of 50
W/m was used. The basic calculation parameters and resulting borehole lengths are shown
in Table 14.

Table 14: Key data for the calculation of borehole depths required for the two MacSheep heat
pump sizes.

HP1

HP2

kW

5

8.2

-

4

4

Maximum heat extraction from borehole

kW

3.8

6.2

Maximum heating demand over the year

MWh

8.4

17.2

m

75

123

Maximum Heating Power
COP

Length according to max. 50 W/m (normal ground)
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A.2

Definition of key figures

System Boundary
There are two system boundaries defined for MacSheep. The one which is shown with red
dashed line in Figure 17 includes the whole system except the distribution of space heat and
DHW circulation3. Note that the DHW pump shown in the figure is for preparation of DHW
with an external heat exchanger (if it exists) and not DHW circulation. The second system
boundary defined is for the whole system including distribution pumps, as shown with the
purple dotted line. This is the main one used in the MacSheep project and denoted with
subscript “+”.

Figure 17: System boundary conditions for the calculation of SPF SHP.

3

The MacSheep systems are all calculated without a DHW circulation, since DHW circulation is not
recommended for single family houses and should even be discouraged for energy saving reasons.
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Definition of Total Electricity Use and SPF
Based on the definition of the system boundaries the SPF of the solar and heat pump system
is defined once including the electric work for the space heat distribution pump (SHP+) and
once not including the electric work of this pump:
Eq. 1

 Q  Q   dt
 P  dt
  Q  Q   dt

 P  dt

SPFSHP 

SH

DHW

el , SHP

Eq. 2

SPFSHP 

SH

DHW

el , SHP 

with

QSH
QDHW
Pel , SHP
Eq. 3

Pel , SHP 
Eq. 4

space heating power
domestic hot water power
all electricity consumption of the solar and heat pump system, but without electric
consumption of the space heat distribution pump, i.e.

Pel ,SHP  Pel , HP  Pel ,SC  Pel , EH  Pel , PU  Pel ,Ctr
additionally including the electric consumption of the space heating distribution
pump, i.e.

Pel ,SHP   Pel ,SHP  Pel , PU ,dist

with
HP

heat pump – anything needed to run the heat pump (compressor, air ventilator,
source pump(s), sink pump(s), heating elements, controllers, etc.)

SC

Solar circuit – anything needed to run the solar circuit (pumps, controller - if
additional to heat pump controller, valves, air ventilators for hybrid collectors, etc.)

EH

electric heater elements (direct electric heating) that are not included yet in HP or
SC

PU

pumps that are not included yet in HP or SC, also including a primary DHW pump
for an external DHW heat exchanger if present, but not the space heat distribution
pumps, but not the space heat distribution pump or the (optional) DHW circulation
pump

PU,dist

space heat distribution pump and (optional) DHW circulation pump

Additional energy consumers have to be included if they are present within the SHP system
boundaries defined in Figure 17.
Penalty functions are used to make sure that the systems deliver the same amount of heat to
the loads and that there are not significant temperature drops for the loads that could result
in reduced thermal comfort. An equivalent SPF is defined as below. Similarly there is a value
SPFSHP+,pen that is based on Pel,SHP+.
Eq. 5

SPFSHP , pen 

P

el , SHP

 Q

SH



 QDHW  dt

 Pel , DHW , pen  Pel , SH , pen   dt

Note that the values used in MacSheep reports are annual electrical energy denoted by W el
with the relevant subscripts.
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For the solar and heat pump combinations, the penalties are added as if missing energy
would have to be provided by direct electric heating with a punishment factor whose purpose
is not to produce an incentive for substituting direct electric heating elements in the system
by the penalty function to reduce heat losses that would normally occur. For domestic hot
water production, the punishment factor is 1.5, and for space heating the punishment factor
is introduced by the exponent x=2.
Eq. 6

Pel , DHW , pen  1.5  mDHW ,loc  cpwat  TDHW , pen

Eq. 7

TDHW , pen  MAX  0; DHW ,set   DHW ,sim 

Eq. 8

cpwat  4.19 kJ / kgK

Eq. 9

Pel ,SH , pen  UAbui  TSH , pen  TSH , pen  1  1

Eq. 10

TSH , pen  MAX  0;19.5C  room 

Eq. 11

x2



x



The UA values of the different buildings are listed in Table 15.

Table 15: UA-values of the different buildings.

UAbui [W/K]

Building
SFH45
SFH100
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Annex B MacSheep reference systems
B.1

System description

In this chapter the two reference systems are defined. The two systems are essentially the
same apart from the heat pump and its source.
The template from T44A38 has been used for the boundary conditions including building and
heat distribution, so they are not described in this report. Instead the active system of solar
collector circuit, storage and heat pump as well as control are described.
Note that the reference systems defined here for simulation evaluations are different in some
details to the state of the art systems that were tested in WP2.


The systems tested in WP2 have a three-pipe connection to the store from the heat
pump, whereas the reference systems have a four-pipe connection. The simulation
reference system uses a four-pipe connection as it performs significantly better than a
three-pipe connection and because it is also common on the market.



The sensor for the control of charging the DHW volume in the store is placed higher
in the reference system in order to get a better performance, i.e. it is adapted to the
DHW load used in the reference conditions.



The storage tank for the ASHP system is different. In the reference system an internal
heat exchanger is used for DHW preparation whereas in the ASHP system tested in
WP2 another type of DHW heat exchanger with booster pump is used.

Ground Source Reference Solar and Heat Pump System
A schematic of the ground source reference solar and heat pump system can be seen in
Figure 18. It is a parallel coupled system with the collectors charging the storage via an
internal heat exchanger and the DHW prepared also with an internal heat exchanger
covering the whole store. The system layout is taken from systems that are currently
suggested and promoted by leading companies in the heating sector in Europe. The heat
pump is connected to the store via three pipes, which can be used like four connections. The
upper two pipes are used for charging the upper part of the store, which is used for DHW
preparation. For charging the volume for space heating buffering, which is located in the
middle part of the store, the connection can be switched via two 3-way-valves in order to
connect the flow line of the heat pump to the middle port and the return to the lowest of the
three ports. The flow line of the space heat distribution system is also directly connected to
the middle port and the return to the lowest port, and is thus in parallel with the store. When
the store is being charged for space heating, some of the flow will go via the space heating
distribution loop and the rest will go through the store. The exact proportions depend on the
operating conditions of the space heating distribution loop (that has a thermostatic valve) and
on the heat pump temperatures. There is no solar regeneration of the borehole or heating of
the heat pump evaporator by the solar collectors. The control of the heat pump and collector
is defined later on in this section.
Since the borehole source is affected by the net extraction of heat on an annual basis it takes
several years to reach a “steady state” condition. Thus all evaluations with borehole source
are made for the tenth year of operation.
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Figure 18: Schematic of ground source reference system.

Air Source Reference System
A schematic of the air source reference solar and heat pump heating system can be seen in
Figure 19. It is the same system configuration as for the ground source heat pump, but with
an air source heat pump instead. The control is the same apart from the control of the heat
pump itself, which has a speed controlled compressor and a fan for the evaporator.

Figure 19: Schematic of air source reference system.

Control
The heat pump control is adapted from that of a commercial product. Start and stop of the
heat pump is controlled based on a delta-T controller using the return temperature to the
heat pump and the buffer storage temperature. The flow rate is set so that the heat pump
increases the temperature by 5 K at full power.
In heating mode the set point temperature is the current flow temperature according to the
heating curve. The heat pump is stopped, when the return temperature to the heat pump
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reaches this set point. In case of a variable speed compressor the heat pump heating
capacity is adapted by a PI-controller in order to reach the set point temperature (flow
temperature according to heating curve) in the flow line of the heat pump.
In DHW mode the control principle is the same, with the exception that the compressor is
operated with 100% capacity during the whole charging process also in case of a heat pump
with variable speed compressor. The DHW volume with the sensor used for the control is
located in the upper part of the storage tank. The set point temperature is chosen according
to the required temperature for DHW preparation (52 °C). The DHW mode is started, when
the storage temperature drops below the set point minus a hysteresis of 4 K.
The collector controller uses at a constant flow rate of 40 kg/h.m2 of collector area. Equations
are used together with a time delay (input recall) to determine when to stop and restart the
pump at stagnation when the store is in risk of boiling. The pump is not restarted until the
collector drops below a certain threshold. There is also a maximum operation temperature for
the collector, and if this is exceeded the pump is turned off.

B.2

Reference system results

Table 16 shows the key figures for the matrix of two reference systems, two climates and two
buildings. The values all include the space heating distribution pump, and values without the
penalties are also given at the bottom. W el,SHP,+dist,pen varies from 1.03/1.65 MWh (SFH45 in
Carcassonne) to 5.77/8.34 MWh (SFH100 in Zurich) for the GSHP/ASHP reference systems
This is a factor of over five in energy use, giving a very wide range of conditions for the
systems. The range of SPFSHP,+dist,pen is not as large, ranging in the reverse order from
5.80/3.85 down to 3.45/2.43 for the GSHP/ASHP systems. The main reference
climate/building gives values in the middle of this range.

Table 16: Key performance figures for the ASHP and GSHP reference systems for the two climates
ASZ45

GSZ45

ASZ100

GSZ100

ASC45

GSC45

ASC100

GSC100

SPFSHP [-]
(with penalty)

3.16

4.12

2.43

3.45

3.85

5.80

2.93

4.58

W el [MWh]
(with penalty)

3.58

2.67

8.34

5.77

1.65

1.03

4.06

2.49

SPFSHP [-]
(without penalty)

3.17

4.15

2.43

3.45

3.87

5.86

2.93

4.59

W el [MWh]
(without penalty)

3.57

2.64

8.33

5.76

1.65

1.02

4.05

2.48

Z=Zurich TRY, C=Carcassonne; 45=SFH45, 100=SFH100. The figures in red are the main reference values.
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Annex C Change log revised version
Chapter

Page

Change

4.1 Components

16

In Table 6 the collector parameter unit of b2 was
corrected from [W/(m2K)] to [J/(m3K)].

Annex A

29

After Table 12 following new text was added:

A.1

Boundary conditions
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As the main factor for the heat pump size is the building,
only two sizes were used for the MacSheep reference
systems, namely the ones for the SFH45 (5.0 kW) and
SFH100 (8.2 kW) based on the value for Zurich climate.
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