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Executive Summary
The main objective of this work package was to investigate generic control strategies,
generic fault-detection and on-line diagnosis algorithms that may apply to the developed
prototypes of solar and heat pump systems within MacSheep. The results should lead to
improved reliability and/or increased energy savings for the end-user through new controller
features.
The use of DHW consumption forecast was identified as a promising control strategy and a
simple yet reasonably effective algorithm to get the water tapping behaviour of the user was
developed. Viessmann implemented the ideas of this approach in an ICT solution for their
controller to provide statistical tapping information to the user who can then set the period
when hot water that is expected to be used. The operational strategy based on DHW
consumption forecast for one hour was not implemented since the potential gains are small
(~2%) and there is a high user discomfort risk in the case of an inaccurate forecast
Previous studies have shown that solar overheating of the building led to gas savings with
solar gas combisystems. Using a similar strategy on the MacSheep reference system did not
lead to significant savings, due to strong interactions between space and DHW heating and a
higher share of HP operation time for DHW charging of the store, which has a lower
efficiency.
Another smart control strategy was investigated for variable electricity prices using
overheating of the building and/or the DHW volume of the store. The main conclusion of the
study is that the combination of the two algorithms led to cost savings for the Austria (Graz)
and France (Chambery) with both the SFH45 and SFH100 buildings. Since only the share
related to user consumption varies during the day while the grid and transmission costs are
usually constant, the cost savings were small, far below 1%.
Among the proposed fault detection algorithms for solar and heat pump systems, detection of
wrongly connected tubes in the solar collector loop was found interesting by Viesmmann and
Regulus. It was implemented and tested in their respective prototype controller. Regulus also
implemented the detection of wrong order phase connections in its heat pump prototype as
well as threshold tests on abnormal temperature and pressure evolution.
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1 Introduction
Within the MacSheep projects, 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

identification
of breakthroughs

analysis
of costeffectiveness

Development
of selected
components /
control

2012

2013 - 2014

phase 4
Demonstration
in built systems

2015

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 D7.3 gives information
about the whole system and energy savings compared to a state of the art reference system.
Table 1 below summarizes the topics dealing with control selected by each group for
investigation within MacSheep project. The following 2 to 9 sections give details about the
investigated controller features during Phase 3. The last section provides experience from
industrial partners about the implementation of some of these features.
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Table 1: Summary of breakthroughs for WP6 to be developed during phase 3.

Viessmann
-INES

RegulusCTU

DHW forecast

X

X

ICT

X

X

fault detection for the system

X

X

Description

ESSA-IWTSPF

Ratiotherm
-SERC

fault detection for the heat pump

X

2 Simple DHW forecast
2.1

Principle

The idea is to provide a DHW (domestic hot water) forecast using only the information from a
flow sensor installed on DHW loop (often already present in external DHW module) and to
learn the DHW consumption behaviour of the occupants of a single family house. It is
assumed that users have habits and the main idea is to derive a model that represents this
periodic behaviour using measured data. No other variables are considered to explain the
observed data.
Prud’homme and Gillet (2000) developed an algorithm to calculate the average of previous
records based on measurements. Based on artificially generated DHW dataset, they found
that the accuracy of prediction was satisfactory for use in a simulation study. In MacSheep,
this approach is evaluated based on real datasets, as described below.
It has been previously observed that DHW consumption is lower in summer season than in
heating season, therefore the averaging of records for the same hour of the day for the same
day of the week is calculated on 8 weeks, i.e. on 8 values.
The dataset was provided by Viessmann from the Combisol monitoring project (Combisol,
2015), where it was recorded in a single family house equipped with solar combisystem in
France in 2010. The record timestep is 1 minute.

2.2

Description of algorithm

Definition of variables:
VdhwStep: real time integrated value of the instantaneous DHW volume during 1 hour.
FlowMeterIndex: number of impulses recorded from a flow meter device installed in DHW
tapping circuit. wimpuls is the volume per impulse from the device.
ListVdhw: array of hourly DHW volume records over 8 weeks: 8 x 7 x 24 = 1344 values.
Weeklength: 168 (number of records of hourly DHW volume over 1 week).
PredWeekVdhw: array of hourly predicted DHW volume over 1 week, size is 168.
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Algorithm
VdhwStep= (FlowMeterindex-FlowMeterIndex0) x wimpuls
FlowMeterIndex0 = FlowMeterIndex
For i=1343 to 1, ListVdhw(i)= ListVdhw(i+1) end
ListVdhw(1)= VdhwStep
For i=167 to 1, PredWeekVdhw(i)= PredWeekVdhw(i+1) end
PredWeekVdhw(1)= 0
For i=1 to 8, PredWeekVdhw(1)= PredWeekVdhw(1)+ ..
ListVdhw(i*Weeklength) end

The array PredWeekVdhw contains the averaged values from the 8 previous weeks, for each
1h-slot of the week. This information is updated every hour. Since the 8 weeks range is
shifted every hour, it ensures adaption to habit changes of the users.

2.3

Results

The analysis of the data was performed with Scilab software. The original data corresponds
to a range of 6 months between 2010.5.31 and 2010.12.10, ie 4634 hourly values without
missing values. Figure 2 shows a period of 2 weeks with no DHW consumption, which was a
period of holidays for the users.

Figure 2: Overview of the real data: DHW volume [l] consumed during every 1 hour for 6 months.

The periodicity of the data is checked by calculating the Fourier transform of the data (Figure
3). It reveals high peaks for periods around 6 hours, 12 hours, one day, 2 days and 3,5 days
(half a week). It corroborates the choice of model based on the week periodicity.
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Figure 3: Fourier transform of the data – Verification of the weekly periodicity of the signal.

The comparison of the model with the experience is given in Figure 4. It shows a correlation
factor of 0.69 with a standard deviation of 6.8 l and a slightly non-zero mean value of 0.09 l.

Figure 4: comparison between next hour prediction model and experience (left) and distribution function of the
deviation with 2.5 l bins (right).

This means that the DHW volume is quite well predicted with this approach for the overall
period. A more detailed analysis of the deviation is given in Figure 5 to evaluate if there are
1h-slots of the day where the prediction is especially accurate or inaccurate. It shows that the
deviation is rarely above 20 l.
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Figure 5: Deviation in [l] for every 24 slots of the day over the whole period (~ 140 days).

2.4

Conclusions

The expectations from the previous work on an artificially generated DHW dataset from
Prud’homme and Gillet 2000 have been confirmed using a real, long term DHW dataset.
Results show a good correlation factor of the prediction of the model to the real
measurements.
Holidays, or period of vacancy can’t be managed by the current model and should be
detected using rules applied in parallel to the forecast algorithm.
Further efforts have to be done on statistical analysis to calculate confidence interval for the
forecast in order to set safety margins for the control algorithm that is presented in chapter 4.

3 Modified DHW forecast
3.1

Description of algorithm

Predictive DHW consumption control is based on an assessment of historical data evolution.
These data are saved in duration of 8 weeks (wmax) every hour (ie. 8 x 7 x 24 = 1344
values). The algorithm is then, on the basis of the data evolution trend within the given hour
and given day in the week, able to estimate the future consumption for the specific hour.
The algorithm only takes into account that the values for the specific hour on the specific day
for which the consumption is estimated. For instance if the DHW consumption is estimated
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for the 9th hour on Monday, only the data measured on Monday between 9:00 and 10:00 will
be taken into account. The algorithm will use a maximum of 8 historical measurements for
each estimation– depending on the current size of the data table.
The estimated DHW consumption is further corrected by comparing the real data of
consumption with the predicted ones from the last 24 hours (hcormax).
The prediction algorithm is an estimation for the hour period h + 1, and starts at the
beginning of each hour.

3.1.1

Calculation of current DHW consumption

The DHW consumption calculation is made with a minimal number of inputs in order to be
able to apply the algorithm to practical use. In Figure 6 there are depicted all variables that
enter the calculation of consumption.

Figure 6: main variables used to estimate DHW consumption.

It is assumed that some parameters are constant in the calculation of DHW consumption. For
the purpose of prediction it is not necessary to calculate the current consumption accurately,
however it is necessary to ensure that the difference between the real and the calculated
consumption is constant in time.
This calculation has not been made to compute accurate DHW consumption, but to design
an algorithm controlling heat inputs (electrical heater, coil heat exchanger). Accurate
controlling does not require accurate input values if the disturbance remains constant. The
calculation of consumption has therefore been made only to take into account the influence
of various DHW temperature in time.
The measured parameters that enter the calculation are the temperature of hot water
consumed (TDHW) and temperature of the loop heating the storage tank (THWin, THWout).
The control system provides binary information of the heating loop (in this case an internal
heat exchanger in the store) pump switching on (xHW) and the switching on of the electrical
heater (xel).
Heat supplied by electrical heater (only if xel = 1):
𝑄𝑒𝑒 = 𝑃𝑒𝑒
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Heat supplied by the coil heat exchanger (if xHW = 1), where 𝑚̇𝐻𝐻 is the nominal volume
flow rate of the pump:
𝑄𝐻𝐻 = 𝑐𝑝 ∙ 𝑚̇𝐻𝐻 ∙ (𝑇𝐻𝐻𝐻𝐻 − 𝑇𝐻𝐻𝐻𝐻𝐻 )

The heat accumulated into the storage tank, where dTDHW/dt gives difference of DHW
temperature in time and Vtank is overall volume of storage tank:
𝑄𝑡𝑡𝑡𝑡 = 𝑐𝑝 ∙ 𝑉𝑡𝑡𝑡𝑡 ∙

𝑑𝑇𝐷𝐷𝐷
𝑑𝑑

DHW consumption based on energy balance with inputs QHW and Qel and respecting
change of internal energy Qtank (heat losses are neglected for this initial draft, they may be
added later):
𝑄𝑡𝑡𝑡𝑡 + 𝑄𝐻𝐻 + 𝑄𝑒𝑒
𝑐𝑝 ∙ (𝑇𝐷𝐷𝐷 − 𝑇𝐷𝐷𝐷 )

𝑚̇𝐷𝐷𝐷 = −

The calculation of DHW consumption is calculated every minute and the hourly consumption
is the sum of these minute consumptions. At the beginning of each hour the value will be
saved into a data table (eventually the whole table will be shifted in order to contain
maximum 1344 values).

3.1.2

Prediction of DHW consumption

The assumption has been made that in each given day of the week (d) in each hour of the
day (h) should be approximately the same consumption of DHW (e.g.: every Tuesday in 8
a.m. should be hourly DHW consumption 50 l/h). It is not possible to achieve exactly the
same consumptions every week so the trend of DHW consumption in each hour of the day
(h) of each day of the week (d) will be observed. Therefore the correlating values will be in
data table 168 positions apart (e.g. 1st value, 169th value, 337th value and so on).
For calculation of the consumption for given hour of the day (h) and given day of the week (d)
a table (q (w)) containing consumptions saved during the last wmax weeks will be used (w,
wmax is a size of the table of consumptions for given day and hour). The prediction will be
carried out by a simple quadratic regression (regressions of higher orders require more
complicated matrix calculations for their solution, which are not supported by many
controllers).
𝑤𝑤𝑤𝑤

𝑤4
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The matrix is converted into a quadratic equation using Cramer’s law:
𝑞𝑑,ℎ (𝑤) = 𝑎 ∙ 𝑤 2 + 𝑏 ∙ 𝑤 + 𝑐

After putting w = wmax + 1 an estimation of DHW consumption for the next hour q (wmax + 1)
is carried out.
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3.1.3

Correction of predicted parameters

The correction of the predicted DHW consumption uses the saved differences between the
real and the predicted parameters (∆qcor (hcor)) in the last 24 hours (hcor). Using quadratic
regression it is possible to determine a trend of evolution of the difference between real and
assumed consumption.
ℎ𝑐𝑐𝑐𝑐𝑎𝑥

ℎ𝑐𝑐𝑐𝑐𝑐𝑐

⎡�
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The matrix is converted into a quadratic equation using Cramer’s law again:
∆𝑞𝑐𝑐𝑐 (ℎ𝑐𝑐𝑐 ) = 𝑎 ∙ ℎ𝑐𝑐𝑐 2 + 𝑏 ∙ ℎ𝑐𝑐𝑐 + 𝑐

With the knowledge of this trend it is possible to correct the consumption q (wmax + 1)
calculated in chapter 3.1.2, using the predicted difference for the hour and hcormax, which is
the size of the table of saved differences.
𝑞𝑑,ℎ 𝑐𝑐𝑐 (𝑤𝑚𝑚𝑚 + 1) = 𝑞𝑑,ℎ (𝑤𝑚𝑚𝑚 + 1) + ∆𝑞𝑐𝑐𝑐 (ℎ𝑐𝑐𝑐𝑐𝑐𝑐 + 1)

The value of qcor (wmax + 1) is a result of predictive algorithm and represents assumed
consumption for the hour starting now (wmax + 1), given day of the week (d) and hour of the
day (h). This value is calculated from data of previous weeks (from the same day of the week
and the same hour of the day - see the introduction to this chapter).

3.2

Results

During the simulation of predictive algorithm for real data obtained from a family house
measurements, a conformity accuracy of 96,5 % between assumed and real consumption
was detected.
In Figure 7 there is an example depicted of hourly DHW consumption prediction from the
measured data in the last 8 weeks on Tuesday 8 p.m.. Blue line "real consumption" shows
measured data, orange line "estimated consumption" is quadratic curve computed in
accordance with chapter 3.1.2 for wmax = 7 and grey dot "corrected consumption" is final
assumed consumption for 8th week (i.e. wmax = 7).
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Figure 7: Comparison of estimated and real DHW consumption.

3.3

Conclusions

An algorithm was created for correction of a simplified DHW prediction based on a
comparison of the predicted and real consumption. Simulation results showed that the
modified prediction method works sufficiently well, but it has not be tested in a real system.
For the future, it is suggested that the calculation of the real consumption is simplified
(eventually by introduction of another – dimensionless – variable), so that the algorithm
becomes more universal and usable in a wider range of applications.
The next step could also be a size reduction of the table of historical values from the current
8 weeks. Whether this step is possible without considerable decrease of accuracy, will be
clear after testing on real applications.

4 Control using DHW forecast
4.1

Description of algorithm

The production of DHW based on heat pump requires a DHW storage strategy since the
largest draw-offs capacity observed in single family houses (as in MacSheep reference
system) reach typically 30kW, largely superior to typ. 10kW heat pump in residential sector.
The complete algorithm is shown in Figure 8. A one hour period is chosen for the forecast
since it is the order of magnitude of the time requested to heat the DHW zone of the tank
(~250 l of the 750 l for the full tank) from 25°C (averaged temp in the SH zone of the tank) to
45°C using a 5kW heat pump.
Temperatures (Tsto,i) are measured at different levels (90%, 80%, 70%, 60% of the total
height of the tank for example) which have volumes Vi of each layer at the related height.
Then an expression of the equivalent usable energy in the DHW zone of the tank is defined
based on weighted mean temperature measurements above a usable temperature level that
is defined as 𝑇𝑠𝑠𝑠𝑠ℎ𝑤 + 𝑜𝑜𝑜𝑜𝑜𝑜 . The offset (e.g. 3°C) is is used to have a safety margin to
MacSheep – Deliverable 6.4
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ensure the DHW temperature can be achieved. The equivalent usable energy is calculated
by:
4

𝐸𝑠𝑠𝑠𝑠𝑠𝑠 = � 𝜌𝐶𝑝 ⋅ 𝑉𝑖 ⋅ 1�𝑇𝑠𝑠𝑠,𝑖>𝑇𝑠𝑠𝑠𝑠ℎ𝑤+𝑜𝑜𝑜𝑜𝑜𝑜� ⋅ 𝑇𝑠𝑠𝑠,𝑖
𝑖=1

The, DHW usable energy requirement, based on the forecasted discharge volume (𝑉�𝑑ℎ𝑤,𝑡+1ℎ )
for the coming hour, is defined as:
𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝜌𝐶𝑝 ⋅ 𝑉�𝑑ℎ𝑤,𝑡+1ℎ ⋅ 𝑇𝑠𝑠𝑠𝑠ℎ𝑤

These energies are then compared to activate the DHW heating mode from the auxiliary
device when 𝐸𝑠𝑠𝑠𝑠𝑠𝑠 > 𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + Δ𝐸𝑜𝑜𝑜𝑜𝑜𝑜 with Δ𝐸𝑜𝑜𝑜𝑜𝑜𝑜 = 𝑚𝑚𝑚( 0.1𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑠 , 𝜌𝐶𝑝 10 𝑇𝑠𝑠𝑠𝑠ℎ𝑤 )
typically.

Figure 8: Flow chart of the control of DHW heating signal based on DHW volume forecast and monitoring of the
temperature in the upper part of the hot water tank.

4.2

Results

This approach to control the DHW preparation was evaluated on the MacSheep reference
system simulation model with 4 temperature sensors implemented in the upper part of the
store as shown in Figure 9. The DHW tapping profile used in annual simulations is a realistic
stochastic profile showing an average of 200L per day. To study the maximum theoretical
gains, a perfect 1-hour ahead DHW consumption forecast based on the known DHW profile
that is simulated was used as input of the control algorithm.
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Figure 9: The 3 extra temperature sensors (dotted line) that are necessary for the use of DHW consumption
forecast.

Simulation results are given in Table 2 : the use of perfect DHW forecast allows to save 2.7%
electricity consumption compared to the base case ASHP Zurich SFH045 reference system,
with no user discomfort. It shows that increasing the size of the store decreases the annual
electricity savings by 0.3% with the considered annual DHW profile: use of online DHW
forecast allows to have roughly the same savings for the oversized 1000L tank as for the
optimised 750L tank.
Table 2: reference system variations in storage size (750 and 1000L) and DHW control strategies (standard and
advanced (+) with use of perfect forecast of next 1h DHW consumption

Configuration
Refsys – 750L
Refsys – 750L +
Refsys – 1000L
Refsys – 1000L +

4.3

El. Use (MWh)
3.469
3.375
3.480
3.397

Variation (%)
-2.7%
+0.3%
-2.0%

Conclusions

Simulation gives 2.7% lower electricity consumption than the base case ASHP Zurich
SFH045 reference system assuming a perfect 1-hour ahead forecast. Looking at limited
accuracy of the forecast in practice, either the gains or the user comfort are likely to be lower
therefore the expected gains are practically limited. Simulations have shown that the use of
this evaluation of usable energy status in the store, combined with accurate estimation of the
DHW energy demand is slightly more significant when the store is somewhat oversized with
regard to the yearly average of real DHW energy demand which is very commonly observed
in practice. In this case, using DHW forecast algorithms will help to restore the optimal
behaviour whenever the physical tank storage is oversized.
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5 Control using electricity price forecast
In some countries, such as Sweden, it is currently possible to have the electricity price
directly linked to the hourly spot market price. This means that the electricity price will vary
over the day with each hour, as well as over the year. Nord Pool spot (a company owned by
the Nordic transmission system operators) handles the electricity trading and spot market
prices in the Nordic countries and from here you can, free of charge, obtain hourly electricity
prices 24 hours ahead of time. By taking advantage of differences in electricity price
variations, a solar thermal heat pump combisystem can be controlled to concentrate use to
low-price time spans and avoid periods with the highest electricity prices. This way of system
controlling may lead to lower costs of building heating as well as lower costs of DHW
production.
The study focuses on control algorithms that take advantage of low-price time spans either to
overheat the building or to overheat the storage tank and thus, avoid the use of system in
periods with highest electricity prices.
Trnsys simulations were carried out by using real data of spot market prices of electricity and
synchronous weather data. This study was carried out for two climates, Graz (Austria) and
Chambery (France), as well as two building standards, SFH45 and SFH100. The aim was to
investigate the influence of boundary conditions as well as control algorithms on electricity
savings.

5.1
5.1.1

Description of algorithms
Overheating of the building

The basic idea with the algorithm is that the building indoor set temperature (TroomSet) will
be increased during times when the electricity price is low, leading to a small building
overheating. When the electricity price increases again, the heat stored in the building can be
used, resulting in the heat pump being turned off during this period.
Figure 10 shows the flow chart of the control algorithm. The basic algorithm consists of three
main steps.
First, the average electricity price for current and next hour (El.price_12) is compared to the
average electricity price between hour 4-6 (El.price_456) from now.
Second, if the El.price_456 is higher than the El.price_12 increased by a factor “Xprice”,
TroomSet (20°C) is increased by an offset. Therefore, the “building overheating” is activated.
Third, the “building overheating” is kept activated as long as the above statement is true,
after which it goes back to normal.
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Figure 10 Flow chart of the “building overheating” control algorithm.

Figure 11 shows an example of how the control algorithm works. As is shown, the building
overheating (red) is activated based on the lower electricity price (blue).

Figure 11: Example showing how “building overheating” (red) is activated based on low electricity price (blue.)
Data are for Graz 2011. The x-axis shows the time in total hours per year. The y-axis on the left shows
the spot market prices in €/MWh. The y-axis on the right shows when “building overheating” is
activated.

5.1.2

Overheating the storage tank

The basic idea with the algorithm is that the heat pump will charge the DHW volume of the
hot tank during times when the electricity price is low and the solar radiation is not “enough”
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to cover the whole DHW heat demand. When the electricity price increases again, the heat
stored in the hot tank can be used, resulting in the heat pump being turned off during this
period.
Figure 12 shows the flow chart of the control algorithm. The algorithm consists of two steps:
1. The current electricity price (El.price0) is compared to the average electricity price of the
two hours before (El.price-12) and to the average electricity price of the two hours after
(El.price+12) to find a price minimum. Factors “X-12” and “X+12” are used to make sure the
minimum is sufficiently low compared to prices just before and after. If a price minimum is
found the algorithm moves to step 2, otherwise it goes back to the beginning.
2. The temperature in the SH volume of the hot tank, in correspondence of the SH sensor
(TSH,sensor) is compared to a specific threshold (TS.P.,solar)in order to avoid unnecessary
overheating when solar radiation is sufficiently high to charge the whole store. The
temperature of the DHW sensor (TDHW,sensor) is compared to the off-temperature settings
of DHW charge (TDHW,off). If TSH,sensor is lower than TS.P.,solar and TDHW,sensor is lower than
TDHW,off , the “Tank overheating” is activated and kept active until one of the two
conditions is not satisfied.
Figure 13 shows an example of how the control algorithm works. The spikes (purple) show
when “tank overheating” is activated and thus, when the heat pump charges the storage tank
in DHW mode. As is shown, the overheating is activated every time the algorithm detects a
minimum in electricity price (blue).

Figure 12 Flow chart of the "tank overheating" control algorithm.
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Figure 13 Example showing how the “tank overheating” (purple) is activated based on low electricity price (blue).
Data are for Graz 2011. The x-axis shows the time in total hours per year. The y-axis on the left shows
the spot market prices in €/MWh. The y-axis on the right shows when “tank overheating” is activated
(1). In case there is “enough” solar radiation (TSH,sensor> TS.P.,solar) “tank overheating” is deactivated (0). “Radiation_ON” (green) shows when TSH,sensor> TS.P.,solar.

5.2
5.2.1

Results
Overheating the building

Two reference systems were defined based on the schematic of the reference MacSheep
system with an air source heat pump. The weather data of Graz (Austria) and Chambery
(France) were used for the definition of system boundaries together with the SFH45 building
standards.
The control algorithm of Figure 10 was implemented in Trnsys17. A parameter optimization
was carried out for the “Xprice” 1 and for the offset of building indoor set point 2 in order to
derive those values that led to largest cost savings for SFH45 in Graz. Moreover, the
algorithm was activated only from October to March to avoid unnecessary building
overheating outside of the heating season. The optimized algorithm was simulated for both
Graz and Chambery and results compared with those for the reference systems without the
algorithm. Table 3 shows cost savings in € and the change in electricity use in kWh for the
two climates and buildings. The same level of thermal comfort was shown in all cases (SH
and DHW penalties <1%).

1
2

Results of the parametrization of Xprice gives a value of 1.2
Results of the parametrization of the off-set of indoor set-point gives a value of 3K
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Table 3: Simulation results for the study on “overheat the building”. The acronym AG45_2011_OHwinter is
chosen as identifier for the case: Air source Graz SFH45 year 2011 with algorithm activated during
winter. Similar definitions are used for the cases with the SFH100 house (AG100_2011) and with the
climate of Chambery (AC45_2011 and AC100_2011).

Case
AG45_2011_OHwinter
AG100_2011_OHwinter
AC45_2011_OHwinter
AC100_2011_OHwinter

Yearly Change in El. Use
(kWh)
-3
-64
0
-60

Yearly Cost savings
(€)*
9.8
6.6
4.5
5.8

* Cost savings were calculated based on spot market price data of Graz (Austria) and Chambery (France) in
2011. The electricity price only includes the (traded) energy costs. No transmission costs and grid
costs were included. Prices do not include VAT.

Results for the SFH45 house and with the climate of Graz (AG45_2011) show ~10 € savings
with a small reduction in electricity use.
Results for the SFH100 house and with the climate of Graz (AG100_2011) show ~7 €
savings a year and less electricity use (∆kWh= 64 kWh) compared to the reference. This is
due to the different use of thermal storage between the two cases, with SFH100 that uses
the store a lot more during SH charge (210 kWh more a year), thus when the algorithm was
activated.
Results for Chambery are similar to those for Graz, but with smaller cost savings due to less
use of electricity in Chambery than in Graz.
Several alternative solutions to the control algorithm were studied, but those solutions did not
lead to any improved cost savings, thus simulation results were not reported here. The focus
was to increase the amount of heat stored in the storage building when the algorithm was
activated and by reducing the amount of heat delivered to the tank and/or by forcing the heat
pump compressor to run at full speed.

5.2.2

Overheating the storage tank

The same reference systems as for overheating of the building were also used for testing the
algorithm for overheating the DHW part of the store.
A parameter optimization was carried out and the values that led to larger cost savings are
shown in Table 4. These values were derived for SFH45 in Graz and then used for SFH100
as well as for both houses in Chambery. Results of simulations showed no significant cost
savings or electricity changes compared to the reference for all cases.
Table 4 Results of parameter optimization. X-12 and X+12 are used to find the price minimum; TS.P.,solar is the
threshold for the solar radiation control of the algorithm to avoid unnecessary overheating; TDHW,off is
the off-temperature settings of DHW charge.

Parameter
X-12 [€-cent/kWh]
X+12 [€-cent/kWh]
TS.P.,solar [°C]
TDHW,off [°C]
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0.035
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45
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The effect of combining the two algorithms “tank overheating” and “building overheating” was
also investigated. Table 5 shows the simulation results of the two buildings and climates.
Results are very similar to those shown for the case with only “building overheating”
algorithm activated. By comparing results of Table 5 with those of Table 3 some electricity
savings (21 kWh) are noticed for SFH45 in Graz together with a very small increase in cost
savings.
Table 5 Simulation results when combining both algorithms “tank overheating” and “building overheating”. The
acronym AG45_2011_TH+OH is chosen as identifier for the case: Air source Graz SFH45 year 2011
with the two algorithms activated. Similar definitions are used for the other cases.

Case
AG45_2011_TH+OH
AG100_2011_TH+OH
AC45_2011_TH+OH
AC100_2011_TH+OH

5.3

Yearly Change in El. Use
(kWh)
-24
-64
0
-59

Yearly Cost savings (€)
10.3
6.6
4.5
5.8

Conclusions

Simulation results showed 10 €/year savings (excl. VAT) and an unchanged use of electricity
when taking advantage of low electricity price to overheat the SFH45 house for the climate of
Graz. Smaller savings (7 €/year) were noticed for the building that has a higher heating
demand (SFH100). The reason was the different use of water storage between the two
cases, with the case of SFH100 using the store a lot more than SFH45 during SH charge,
thus when the algorithm was active. Results for Chambery showed less cost savings than for
Graz in both SFH45 and SFH100 houses.
Several alternative solutions to the control algorithm were studied in order to increase the
amount of heat stored in the storage building during the time when the algorithm was active.
All solutions were discarded because no additional cost savings were shown. However,
those solutions of algorithm were investigated only for the SFH45 house.
The use of the algorithm based on overheating the storage tank did not lead to any cost
savings. This may be due to the fact that only the DHW volume of the tank was charged
when the algorithm was activated, and thus only a portion of the total tank volume. Larger
cost savings are expected if a larger amount of energy is stored in the tank. A suggestion for
further study is to investigate the potential cost saving when the whole tank volume is
charged at higher temperatures.
Last but not least, cost savings were derived based on the spot market prices. Those prices
did not include transmission costs and costs for grid connection. The main consequence was
that the electricity prices used and shown in Figure 11 and in Figure 13 were in the order of
two-three times lower than what a householder usually pays for domestic uses.
The main conclusion is that when the storage overheating algorithms were combined small
cost saving were noticed for the combinations of the two climates and buildings. However,
those savings were very small due to the fact that only the energy costs were varying during
the day.
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6 Control based on solar overheating of the building
6.1

Description of algorithm

The principle is to use the heat distribution system and building as alternative solar energy
thermal storage to the water tank storage. It was shown in previous studies of solar
combisystems with gas boilers as auxiliary (International Energy Agency 2003) that this
strategy combined with flat plate solar collector area of 15m² leads to saved gas
consumption. This former result can be explained by increased solar gains while operating at
low space heating temperature that was lower than the typically higher temperature levels
reached in the tank.
The algorithm to enable/disable solar overheating requests that all the following conditions
are fulfilled:
Solar loop ON
Auxiliary loop OFF
Troomset+0.5 < Troom < Troomset+SLOVH
Tsolar > TstoSH > TstoSHref
With Troom the measured indoor temperature, Troomset the set temperature for indoor air
(20°C), SLOVH the parameter of max. allowed solar overheating of the building (typically
3K), Tsolar the measured temperature of the solar collector outlet, TstoSH the measured
temperature in the store that is kept at the space heating temperature by HP, and TstoSHref
(typically 35°C for floor heating) the reference temperature above which solar overheating is
allowed.
Once all conditions for solar overheating are met, the SH pump is activated and solar energy
flows from the tank to the building even though the usual set temperature for the room is
already reached.
A disadvantage of this strategy that was pointed out in the past is: during the year it may
happen that the controller decides to enable solar heating in the morning while large passive
gains will occur in the afternoon and consequently the solar energy is somehow wasted in
extra heat losses in the building while it should have been stored in the tank instead.
Therefore an additional condition was designed to activate the solar overheating using
following equation:

�

𝑡1+24ℎ

𝑡1

𝑃𝑃𝑃𝑃𝑃𝑃𝑃(𝑡) 𝑑𝑑 < �

𝑡1+24ℎ

𝑡1

𝑃𝑃ℎ𝑛𝑛𝑛𝑛(𝑡) 𝑑𝑑

With 𝑃𝑃𝑃𝑃𝑃𝑃𝑃 the passive solar gains to the building and 𝑃𝑃ℎ𝑛𝑛𝑛𝑛 the heating demand of the
building. Figure 14 shows an example of these variables for a period of the year where the
solar resource is high (Zurich climate) while there is still a significant heating demand (SFH
45 building). The equation tells that that solar overheating is allowed only when the sum of
solar passive gains over the 24h ahead don’t exceed the sum of the SH demand over the
same 24h ahead, i.e. when the red curve is below the light blue curve in the figure. To be
applied on real system, this control requires to obtain weather forecast data (from a web
server for example) and run a simplified model of the building as described in ISO 13790
Standard to compute 𝑃𝑃𝑃𝑃𝑃𝑃𝑃 and 𝑃𝑃ℎ𝑛𝑛𝑛𝑛.
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Figure 14: Time plot during May of SH demand (Nconv24forPShNeed) and passive solar gains
(Nconv24forPbuiSol) with 24h ahead moving window (normalized to 24kWh. Zurich climate and SFH45
building.

6.2

Results

First results is obtained by adaptation of MacSheep reference system ASZ45 using basic
solar overheating of the ground floor with TstoSHref set to 35°C, 15m² of flat plate solar
collector in order to have the occurrence of solar energy excesses with regard to
instantaneous total heating demand and without the additional rule (Eq. 1) using weather
forecast. It leads to about 4% less heat supplied by the HP but to an extra total electricity
consumption of 0.03%. It is explained by about 8% less heat from HP delivered for SH but
about 5% more delivered for DHW: low HP efficiency in DHW mode counterbalances extra
solar gains.
Owing to this result an optimization of the TstoSHref to 33°C leads to an effective reduction
of the total electricity consumption of 1.7% (ASZ45 test case, draw-off profile 200 l/day).
Using the weather forecast rule to calculate the balance between passive solar gains and
heating demand of the building did not increase the performance of the system since it
actually consumed about 1% more electricity than system with basic optimized solar
overheating strategy.
The basic solar overheating strategy was also evaluated on reference system with only
9.28m² solar collector area and in this case the strategy did not lead to any reduction of
electricity consumption.

6.3

Conclusions

Use of solar overheating control rules of the building is not straightforward in the case of
ASHP system for SFH45 building in the climate of Zurich because of the high influence of the
condenser temperature on ASHP efficiency compared to conventional solar combisystem
with gas boiler for example. The electricity consumption reduction obtained for SH mode is
partly counterbalanced by extra electricity consumption of the HP in DHW mode therefore
the improvements are actually limited to 7% on SPF and 1.7% on total electricity reduction in
the optimized test case. The use of the proposed weather forecast, to switch off solar
overheating of the ground floor when high passive solar gains are expected, did not lead to
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better performance. Other rules have to be proposed that would be able to calculate more
precisely the optimal conditions for either storing the excess of solar energy into the tank or
into the ground floor of the building.

7 Control based on low-flow solar collector loop
7.1

Description of algorithm

From the previous section it was learned that the performance of the SHP reference system
is highly connected to efficiency in DHW preparation mode. Therefore the idea here is to
check the basic assumption whether it is worth to reach highest temperature in the tank
around noon where solar collector efficiency is highest to prepare DHW. In other words when
dealing with SHP systems is it the best use of solar resource combined to HP to prepare
DHW.
For the sake of simplicity, to evaluate this strategy in simulation the following approach was
used: switch to low flow the collector around noon (half nominal flow rate, 11:00-14:00) when
solar loop is activated and disable solar overheating of the floor during this period.

7.2

Results

With the reference MacSheep system in Zurich SFH45, 15m² flat plate solar collector and
active solar overheating of the floor allowed up to 3K above the room temperature set point,
this approach leads to a very small improvement, below 1%.

7.3

Conclusions

With the reference system design this strategy show limited gains since the high temperature
level obtained at the solar collector outlet is systematically mixed just above the internal solar
heat exchanger in the tank: therefore the temperature level reached is not usually high
enough for DHW and the gains are lower. However these gains are expected to be larger in
the case of a system where the solar loop could be connected thanks to a 3-ways valve
either at the bottom or at the top section of the store where DHW is prepared, or with
external heat exchanger with stratification unit. This was not simulated.

8 Fault detection in solar loop
There are two possibilities for wrongly connected pipes in the collector loop (Figure 15). The
first has the pipes wrongly connected between the pump and the collector, resulting in the
flow in the collector being in the wrong direction. This fault is treated in this chapter. The
second possibility is a wrong connection between pump and tank, or more exactly the heat
exchanger in or next to the tank. This is not treated here as the risk for this is smaller due to
the (normally) small distance between pump and tank the ease of detecting a fault with visual
inspection.
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Figure 15: Twisted connection between pump and collector (left) and between pump and tank (right).

8.1

Description of algorithm

The basis for the algorithm is that the temperature sensor in the collector is at the top of the
collector and should represent the outlet temperature of the collector during operation as well
as the temperature of the collector with no flow. If the flow direction is wrong, then this
temperature will represent the inlet temperature to the collector and thus be similar to the
store temperature. If the collector temperature is high but the sensor shows a low
temperature, then this means that the flow is reversed.
The main symptom for this fault is the frequent on/off cycling of the collector pump. The
algorithm described in the following section is an active test sequence applied to the collector
loop under specific conditions and should only be applied if this main symptom has already
been detected. The idea is to induce a condition in the collector loop that makes it easier to
identify the fault, ie that the collector outlet temperature is much larger than the store
temperature.
Preconditions:
•

The pump should turn on as the collector temperature is greater than the store
temperature AND the temperature has risen X (5) ºC in the last Y(15) minutes.

Algorithm:
3. The pump is not turned on as it should be, allowing the collector to increase in
temperature until it is Z (20)ºC higher than the store temperature.
4. The pump is pulsed to give a low flow rate (high collector outlet temperature).
5. If the collector temperature goes down quickly to the turn-off condition then the pump is
turned off and steps 1 and 2 are repeated.
6. A final turned off period is used to check whether the collector temperature is high again.
If the collector temperature gets to Z (20) ºC higher temperature in the store at all three
“stagnation” periods and then goes down to near the store temperature in between these
periods(when the flow rate is low), then the flow is reversed. It is recommended that this test
be performed three times in order to reduce the possibility of a false alarm.

8.2

Results

This algorithm has not been tested experimentally. The set points and thresholds given in
brackets are first guesses of suitable values.
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8.3

Conclusions

This algorithm requires active control of the collector pump that is different from the normal
operation in order to reduce risk for false fault detection. This is both an advantage due to its
increased reliability and a disadvantage due to increased complexity and the fact that normal
operation is disturbed.

9 Fault detection in heat pump
The coefficient of performance (COP) of a heat pump is not only influenced by the
temperatures of heat source and heat sink, but also on potential faults that can have a
detrimental influence on the performance. A fault detection system integrated in the heat
pump (HP) cycle could be used to detect these faults, which would otherwise remain
undetected. In phase 1 of the MacSheep project a literature review about existing work on
the topic has been carried out. The result was a list of different kinds of faults, which could
potentially occur within a heat pump cycle, the effect of these faults on the performance and
suggestions of how to detect them. In this section ideas for a relatively simple fault detection
system, which could be implemented into heat pump prototypes, are presented.

9.1

Description of algorithm

The principle of the proposed system is based on measuring different parameters (see
section 9.1.2) in the HP cycle during (quasi) steady-state operation and to compare these
values to reference values, which should occur in a fault-free case under the current
operating conditions. These reference values are based on empirical data, which means they
are either identified through measurements with a fault-free HP, based on simulation results
obtained from a validated HP simulation model, or based on data provided from a component
manufacturer (e.g. compressor performance data). In most cases the data source will be a
combination of these three possibilities.
The difference between the measured signal (or a value calculated out of several measured
signals) and the reference value for each parameter is continuously compared to a defined
threshold. This threshold has to be set for each parameter individually and defines the
bandwidth, within which each parameter is allowed to differ from the respective reference
value. This is the basis for the decision whether there is a potential fault or not.
Compressor performance data is usually provided by compressor manufacturers in the form
of bi-cubic or bi-quadratic polynomial functions for the electricity consumption (𝑃𝑒𝑒 ), the
cooling capacity (𝑄̇𝑒𝑒𝑒𝑒 ) and the refrigerant mass flow rate (𝑚̇𝑤𝑤 ), each as a function of the
condensation (𝑇𝑐𝑐𝑐𝑐 ) and the evaporation (𝑇𝑒𝑒𝑒𝑒 ) temperature. Thus the heating capacity rate
of both the condenser and the evaporator can be determined with the compressor
performance data by knowing (measuring) the condensation and evaporation pressure. For
variable speed compressors the polynomials are typically extended by one more parameter,
the compressor speed n. Of course it has to be considered that the manufacturer data is
often only valid for certain boundary conditions (e.g. defined refrigerant superheating and
subcooling).

MacSheep – Deliverable 6.4

22/35

9.1.1

Sensors for failure detection

Based on the literature review in phase 1 (e.g. Zogg, 2002), and own considerations, the
signals that have to be measured in order to enable a detection of the most important faults
have been identified. For a standard refrigerant cycle (high pressure receiver, electronic
expansion valve) a suggestion of the necessary sensors is given in Figure 16. Of these
sensors at least 𝑇𝑠ℎ , 𝑇𝑠,𝑖 , 𝑝𝑐𝑐𝑛𝑛 and 𝑝𝑒𝑒𝑒𝑒 are already typically installed in heat pumps
nowadays.
Sensor
𝑇ℎ𝑔
𝑇𝑠𝑠
𝑇𝑠ℎ
𝑇𝑤,𝑖
𝑇𝑤,𝑜
𝑇𝑠,𝑖
𝑇𝑠,𝑜
𝑝𝑐𝑐𝑐𝑐
𝑝𝑒𝑒𝑒𝑒
𝑃𝑒𝑒

Description
Compressor discharge temperature
Subcooling temperature
Superheating temperature
Heat sink (water) inlet temperature
Heat sink (water) outlet temperature
Heat source inlet temperature
Heat source outlet temperature
Condensation pressure
Evaporation pressure
Electricity consumption of the
compressor

Figure 16: Required sensors and their locations in a standard refrigerant cycle.

9.1.2

Fault Diagnosis

Table 6 provides an overview for the calculation of reference values and monitored values
that have to be determined for the proposed system. Table 7 shows examples of faults in a
standard refrigerant cycle, which are detectable with the proposed system and the sensors
listed above. In the first column the parameters that are to be continuously monitored are
specified. Most of the reference values are not constant, but dependent on the current
boundary and operating conditions. This information is provided in the second column of
Table 6.

Table 6: Determination of parameters, that are not or cannot be directly measured.

Parameter
Calculation
Reference values (ref)
𝑄̇𝑐𝑐𝑐𝑐,𝑟𝑟𝑟

= 𝑓(𝑇𝑒𝑒𝑒𝑒 , 𝑇𝑐𝑐𝑐𝑐 , 𝑛)

𝑄̇𝑒𝑒𝑒𝑒,𝑟𝑟𝑟

= 𝑓(𝑇𝑒𝑒𝑒𝑒 , 𝑇𝑐𝑐𝑐𝑐 , 𝑛)

𝑃𝑒𝑒,𝑟𝑟𝑟

= 𝑓(𝑇𝑒𝑒𝑒𝑒 , 𝑇𝑐𝑐𝑐𝑐 , 𝑛)
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Comment
Reference value determined with compressor
performance map or heat pump performance map;
compressor speed 𝑛 is used as an additional
parameter in case of a speed controlled compressor.
Reference value determined with compressor
performance map or heat pump performance map;
compressor speed 𝑛 is used as an additional
parameter in case of a speed controlled compressor.
Reference value determined with compressor
performance map or heat pump performance map;
compressor speed 𝑛 is used as an additional
parameter in case of a speed controlled compressor; if
Pel is measured online, it can be compared to this
value.
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Parameter

Calculation
= 𝑄̇𝑐𝑐𝑐𝑐,𝑟𝑟𝑟 /𝑃𝑒𝑒,𝑟𝑟𝑟

𝐶𝐶𝑃𝑟𝑟𝑟
∆𝑇𝑤,𝑟𝑟𝑟

=

∆𝑇𝑠,𝑟𝑟𝑟

=

Monitored values

𝑄̇𝑐𝑐𝑐𝑐,𝑟𝑟𝑟
𝑚̇𝑤,𝑟𝑟𝑟 𝑐𝑝,𝑤
𝑄̇𝑒𝑒𝑒𝑒,𝑟𝑟𝑟
𝑚̇𝑠,𝑟𝑟𝑟 𝑐𝑝,𝑤

𝑇𝑒𝑒𝑒𝑒

= 𝑓(𝑝𝑒𝑒𝑒𝑒 , 𝑟)

𝑇𝑐𝑐𝑐𝑐

= 𝑓(𝑝𝑐𝑐𝑐𝑐 , 𝑟)

= 𝑇𝑠ℎ − 𝑇𝑒𝑒𝑒𝑒
= 𝑇𝑐𝑐𝑐𝑐 − 𝑇𝑠𝑠
= 𝑇𝑤,𝑜 − 𝑇𝑤,𝑖
= 𝑇𝑠,𝑖 − 𝑇𝑠,𝑜
= 𝑇𝑐𝑐𝑐𝑐 − 𝑇𝑤,𝑜
= 𝑇𝑠,𝑖 − 𝑇𝑒𝑒𝑒𝑒

∆𝑇𝑠ℎ
∆𝑇𝑠𝑠
∆𝑇𝑤
∆𝑇𝑠
∆𝑇𝑐𝑐𝑐𝑐
∆𝑇𝑒𝑒𝑒𝑒

Comment

Reference temperature difference heat sink side,
assuming a constant nominal heat sink flow rate 𝑚̇𝑤,𝑟𝑟𝑟
Error! Bookmark not defined.

Reference temperature difference heat sink side,
assuming a constant nominal heat source flow rate
Error! Bookmark not defined.
𝑚̇𝑠,𝑟𝑟𝑟
A formula for the saturation temperature (saturated
gas) as a function of the pressure for the used
3
refrigerant 𝑟 is required
A formula for the saturation temperature (saturated
gas) as a function of the pressure for the used
3
refrigerant 𝑟 is required
Refrigerant superheating after evaporator
Refrigerant subcooling after condenser
Temperature difference heat sink side
Temperature difference heat source side
Temperature difference condenser
Temperature difference evaporator

Table 7: Exemplary reference values, suggested thresholds and faults that can be identified for a standard HP
cycle.

Parameter
𝑃𝑒𝑒
∆𝑇𝑠ℎ
∆𝑇𝑠𝑠
∆𝑇𝑤
∆𝑇𝑠

∆𝑇𝑐𝑐𝑐𝑐
∆𝑇𝑒𝑒𝑒𝑒

9.2

Reference value
𝑃𝑒𝑒,𝑟𝑟𝑟 (see Table 6)
5K

5

0K
∆𝑇𝑤,𝑟𝑟𝑟 (see Table 6)
∆𝑇𝑠,𝑟𝑟𝑟 (see Table 6)

= 𝑀𝑀𝑀(∆𝑇𝑠𝑠 , ∆𝑇𝑤 ) + 2
= 𝑀𝑀𝑀(∆𝑇𝑠ℎ , ∆𝑇𝑠 ) + 2

Threshold
+8%
+4 K
+3 K
+2 K
+2 K
+3 K
+3 K

4

Possible fault if threshold is exceeded
Compressor problem
Refrigerant undercharge (possible
leakage)
If ∆𝑇𝑠ℎ is oscillating: possible expansion
valve malfunction
Refrigerant overcharge
Mass flow rate on heat sink side too low
Mass flow rate on heat source side too
low
Heat exchanger fouling
or malfunction
Heat exchanger fouling
or malfunction

Conclusions

Although the proposed system is very simple, it is expected, that the most important faults
occurring in a heat pump cycle can be detected. Finally there are some issues, which have to
be addressed when the system is to be implemented into a real heat pump controller and
which have most likely to be solved individually for different kinds of heat pump cycles.
3

Determination of the evaporation and condensation temperature by means of the measured pressures is
advantageous compared to direct temperature measurement for accuracy reasons; it may be necessary to
consider pressure losses
4
Allowed deviation: monitored value minus reference value
5
Only valid if a refrigerant receiver is present on the high pressure side
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One important issue for an effective operation of the fault detection system is the accuracy of
the used sensors. The thresholds for the different faults have to be set very carefully
considering the accuracy of the sensors used to detect the respective fault. If sensors with a
low accuracy are used, the threshold should not be chosen too low in order to avoid fault
messages that are due to measurement inaccuracies rather than real faults.
In real operation the question of under which circumstance and to whom the system should
report a fault message will be relevant. The former refers to the number of incidences of a
certain fault that have to occur within a certain timescale (or better for a certain amount of
heat produced) in order to make sure that the fault is really persistent and not just happening
under certain uncommon operating conditions.
As the heat pump prototypes developed in MacSheep involve several breakthroughs, the
refrigerant cycle differs from the standard cycle described in this report. When the described
algorithm is implemented into prototypes, this has to be considered and could have
implications on the fault detection system and eventually on the required number of sensors.
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10 Control implementation
10.1 Experience from Viessmann’s implementation
Viessmann’s implementation of the control prototypes have been carried out with respect to
expected industrial feasibility on current control platforms. Several good concepts have been
presented by the partners which have been evaluated carefully. Viessmann’s development of
new electronic hardware is a huge process, therefore only a few, adapted versions, of the
concepts could be tested on prototypic implementations. However, certain elements such as
new ICT features and the detection of DHW tapping and the detection of a supply/return
reversal on the level of solar thermal collectors have been implemented. In the following
sections, Viessmann’s implementation of the different concepts is presented in detail.

10.1.1 DHW forecast
In the sections 2, 3, and 4 the use of knowledge about the DHW tapping behavior is
advocated. In terms of energy savings that are directly linked to cost savings for the endusers the tapping behaviour estimation has been identified as a major room for improvement
for Viessmann. However, the current external DHW preparation control unit in Viessmann
products is independent from the main controller of the auxiliary burner. Hence, the
information about the tapping moment and flow are unknown to the auxiliary burner for which
the algorithms are intended. Products that contain a volume flowrate sensor to measure
qDHW are too expensive to be marketed. Therefore, a method had to be developed that is
independent of the control of the DHW preparation unit. This method is based on the
analysis of temperatures in the reservoir. It produces satisfactory results (represented in
Figure 17) that can be used to consolidate a tapping profile such as presented in the
prototypic implementation in Figure 18.

Figure 17 DHW tapping detection.
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The issue with the solution described in Section 4 for using the DHW water prediction for
preparing a DHW volume is twofold:
•

First the control of 4 different charge states in the reservoir in terms of DHW volume are
assured with three additional sensors in the top part of the reservoir such as depicted in
Figure 9.

•

Second, it does not account for a minimal temperature that needs to be assured to offer a
satisfactory hot water temperature to the end-user. Introducing a threshold leads to a
non-linear control system that cannot be controlled with a common hysteresis approach.
Viessmann’s experience has shown that this leads to an unsatisfactory increased cyclic
behavior of the auxiliary burner control. Currently, work is in progress to elaborate
methods to get around this problem.

Figure 18 Consolidated DHW tapping profile.

10.1.2 ICT
Viessmann accompanies its clients and their new lifestyles such as mobile computing with
portable devices such as Smartphones or Tablet PCs: Therefore, the new Vitotrol app
launched in the beginning of the year 2015 allows the users to remotely operate a
Viessmann heating system with Vitotronic controls. The operation of the app is simple, easy
and comfortable to use from anywhere and at any time of the day. The app uses a general
text driven help function.
The Viessmann Vitotrol app will provide access to the following features of the Vitotronic
heating controller:
The heating program is easy to use, the room temperature, the DHW temperature and
holiday function
•

Time / timer programmes for room heating, DHW and circulation

•

Clear display of the operating parameters including all relevant temperatures

•

Display of efficiency data including solar yield and operating status
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In the future, this app will allow additional functionalities such as visualization of DHW
tapping profile and functions to remotely express DHW need respecting current charge state
of the system.
Exemplary screens are depicted in following Figure 19.

Figure 19 Example screen of Vitotrol Plus App.

The system configuration is depicted in Figure 21.

Figure 20 System configuration: [1] Heating device with communication module [2] Vitocom 100 LAN1 [3] LANConnection [4] DSL-Router [5] Vitodata Server [6] WLAN-Connection [7] WLAN-Connection or mobile
network [8] WLAN-Connection or mobile network.
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Despite the fact that Viessmann’s main markets do not have a variable price such as in
Sweden for electrical energy on the end-user level, Viessmann was interested in the solution
of using a price forecast to minimize cost presented in Section 5. The reason is that it is a
fundamental optimization problem, whose solution is applicable to any kind of balancing
problem such as portrayed in Figure 21. Despite the promising results presented by SERC,
the reality of the market and the non-generic character of the solver did not allow Viessmann
to test this algorithm in a prototypic implementation.
In Section 6 a control strategy is presented that consists of using the thermal mass of a
building as additional capacity to store energy and bridge gaps between supply of renewable
energy and demand of energy. However, the results presented by CEA INES did not show
any significant improvements that would have allowed Viessmann to invest in an
implementation of a prototypic implementation. The same reasoning can be applied to
Section 7.

Figure 21 Dependence graph of planning heat production in solar combi system.

10.1.3 Fault detection
In section 8 a method to detect the reversal of supply and return is presented which has
been developed conjointly between SERC, CEA INES and Viessmann. This method has
been implemented in the current auxiliary burner Vitodens 300W launched on the market in
the first quarter 2015. This failure is a frequent commissioning error. Therefore, the detection
algorithm is only active for a limited time after installation.
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Unfortunately, the current development logic of the heat pumps did not allow prototypic
implementation of fault detection of heat pumps that are described in Section 9.

10.2 Experience from Regulus implementation
The aim of the work done by Regulus within D 6.4 was to finalize implementation of specific
control strategies for the compact solar heat pump system developed by Regulus and CTU
and furthermore to implement ICT features, monitoring, fault detection and online diagnosis.
Regulus put focus on implementing basic fault detection into the controller so the user is
informed about the fault character directly thru the web interface.

10.2.1 ICT
When the user logs into the controller interface while a system fault is detected a red screen
will warn him about this immediately. The system informs about date, time and type of the
last fault detected. Furthermore, there is a table saving information about the last 9 faults
detected in the system or heat pump.

Figure 22 Fault detection warning display.

After quitting the red (fault information) window, the user gets to the main menu where a
notification about fault detected shows up as depicted in Figure 22. Thru the main menu the
user can get to the information panel displaying details about last fault detected as well as
the fault history containing date, time and short description of the fault. The fault detection
brings certain advantages to users as well as servicemen and increases the overall lifetime
efficiency of the whole system, since the faults can be revealed and fixed faster and thus
time of inefficient operation is shortened.
10.2.2 Heat pump fault detection
So far Regulus has tested the fault detection on a real heat pump prototype in several
simulated fault cases. One of the cases was a situation when the controller detects too high
coolant pressure. The simulation of high coolant pressure fault was performed by having a
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low flow rate in condenser on water side. The flow rate was completely stopped by switching
off the circulation pump. The heat pump testing configuration is depicted in Figure 23.

Figure 23 Controller main menu with HP error warning displayed (on right).

Figure 24 Fault detection information panel.
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Figure 25 Configuration of HP prototype during fault simulation.

Table 5 shows the types of faults defined in the Regulus/CTU controller:
Table 5: descriptions of specific heat pump fault detections implemented.

Fault name

Fault description

syst. pump overloaded

Circulation pump error

compressor overloaded

Motor protector detects an error

high coolant pressure

Problem with flow rate on condensation side

low ground loop flow

Low flow rate in ground loop

low ground loop temp.

Low temperature in ground loop

small dif. low press.

Evaporator incrustation, worse heat transfer

gr. loop sens. output

Electrical failure of ground loop sensor output

gr. loop sens. Input

Electrical failure of ground loop sensor input

HP return line sensor

Electrical failure of HP return line sensor

HP output sensor

Electrical failure of HP output sensor

HP superh. vap. sens.

Electrical failure of superheated vapour sensor

high pressure sensor

Electrical failure of high pressure sensor

low pressure sensor
low compressor. temp.

Electrical failure of low pressure sensor
EEV error, liquid coolant is evaporated in compressor => compressor
surface is cooled down

EEV motor

EEV motor failure

EEV P-LAN

Failure of communication between EEV driver and system controller
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EEV

EEV is not electonically connected

comp. high current

Too high current on compressor

comp. low current

Too low current on compressor

phase 1 missing

Phase 1 is not connected

phase 2 missing

Phase 2 is not connected

phase 3 missing

Phase 3 is not connected

incorrect phase order

Phases are connected in a wrong order

max. number of starts

Protection against compressor cycling (decrease of service life)
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11 Conclusion
The main objective of this work package was to investigate control topics like generic control
strategies, generic fault-detection and on-line diagnosis algorithms that may apply to the
developed prototypes of solar and heat pump systems within MacSheep. The results should
lead to improved reliability and/or increased energy savings for the end-user through new
controller features.
Partners involved in the development of control solutions met difficulties to develop first
generic improved algorithms that could be adapted later on by each group to their specific
hydraulic prototype. The preliminary ideas of strategies for increased savings have been
developed and tested in simulation on the MacSheep reference system with constant set
point profiles for SH and DHW during the day, showing some potential gains or not while
these strategies may theoretically lead to different effects (positive or negative) on the other
system architectures. In the end the conclusion is that advanced generic control strategies
should be derived by identification of common features on already developed advanced
strategies for several specific architectures rather than trying to define generic control
compliant to an extensive range of specific architectures.
The use of DHW consumption forecast was identified as a promising control strategy and a
simple yet reasonably effective algorithm to get the water tapping behaviour of the user was
developed. Viessmann implemented the ideas of this approach in an ICT solution for their
controller to provide statistical tapping information to the user who can then set the period
when hot water that is expected to be used. The operational strategy based on DHW
consumption forecast for one hour was not implemented since the potential gains are small
(~2%) and there is a high user discomfort risk in the case of an inaccurate forecast.
Previous studies have shown that solar overheating of the building led to gas savings with
solar gas combisystems. Using a similar strategy on the MacSheep reference system did not
lead to significant savings, due to strong interactions between space and DHW heating and a
higher share of HP operation time for DHW charging of the store, which has a lower
efficiency.
Another smart control strategy was investigated for variable electricity prices using
overheating of the building and/or the DHW volume of the store. The main conclusion of the
study is that the combination of the two algorithms led to cost savings for the Austria (Graz)
and France (Chambery) with both the SFH45 and SFH100 buildings. Since only the share
related to user consumption varies during the day while the grid and transmission costs are
usually constant, the cost savings were small, far below 1%.
Another conclusion gained in the project about working on forecast topics is that it requires
real data and significant effort to get the data as public data is generally not freely available.
In addition, missing data has to be replace with realistic data in order to have a complete one
year record in order to do the system simulations for a complete year.
Among the proposed fault detection algorithms for solar and heat pump systems, detection of
wrongly connected tubes in the solar collector loop was found interesting by Viesmmann and
Regulus. It was implemented and tested in their respective prototype controllers. Regulus
also implemented the detection of wrong order phase connections in its heat pump prototype
as well as threshold tests on abnormal temperature and pressure evolution in the refrigerant
loop.
MacSheep – Deliverable 6.4

34/35

12 Bibliography
Combisol, 2015. EU project Combisol - Standardisation and promotion of solar
combisystems. www.combisol.eu. Accessed 2015-06-18.
International Energy Agency, 2003. Solar heating systems for houses: a design handbook for
solar combisystems. James & James, London. Generic solar CombiSystem P.55, Heat
management philosophy
Prud’homme, T. & Gillet, D., 2000. Advanced Control Strategy of a Solar Domestic Hot
Water System with Segmented Auxiliary Heater. Energy and Buildings, 1300(1), p.13.
Zogg, D., 2002. Fault Diagnosis for Heat Pump Systems. SWISS FEDERAL INSTITUTE OF
TECHNOLOGY ZURICH, Zürich, Schweiz

MacSheep – Deliverable 6.4

35/35

