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exchangers with large PCM volumes in metal containers with an internal bundle of tubes has been studied by Lopez-

Navarro et al. [29].  Shell-and-tube heat exchangers [30] and macro encapsulated PCM in water vessels [31] have been 

tested for sensible-latent heat storage. Moreno et al. [32] have investigated the corrosion of metal and metal alloy 

containers in contact with various PCMs. Arteconi et al. [33] argue that the application of PCMs in thermal energy 

storage systems can help manage the mismatch between the availability of renewable electricity and the demand for 

electricity, for example in buildings where hot water, heating and cooling are delivered by heat pumps and air 

conditioning. 

 Sodium acetate trihydrate compositions 1.2.

SAT is available in large quantities in food-grade products (E262i), which makes it suitable for application in 

domestic buildings. To stabilize SAT for heat storage applications, adding water (resulting in a lower SA-water ratio) 

was first studied by Furbo in 1978 [34]. Later investigations on a heat storage unit containing about 200 kg of an SA-

water composition with a water content greater than 40%wt [35] showed a decrease in conserved latent heat of fusion 

when several cycles of heating and cooling were applied.  

To overcome the problem of phase separation in the incongruently melting SAT, various additives can be added to 

form a more stable composition. One proposed solution is to add Carboxymethyl Cellulose (CMC) as a thickening 

agent [36]. The main drawback of thickening agents is that they reduce heat transfer by convection. Highly conductive 

graphite powder can improve the thermal conductivity of a composition with a thickening agent [37]. Paraffin oil, 

which does not mix with SAT, can be added to increase heat transfer by filling insulating cavities formed during the 

solidification and contraction of the PCM composition [38] due to density differences during phase change [37]. 

Another way of reducing the problem of phase separation is to increase the solubility of the crystal water in the melted 

and supercooled SAT mixture. The heat contents of SAT composites with various concentrations of thickening agents, 

the chelating agent Disodium Ethylenediaminetetraacetic Acid (EDTA), and polymer additives have been investigated 

by Kong et al. [39]. 

 State of the art 1.3.

Experiments with rectangular and cylindrical PCM containers with SA-water and CMC composites have been 

reported by Zhou and Xiang [40]. Their results show that more stable supercooling could be achieved with longer 

charging periods (to ensure the full melting of all SAT crystals), a relatively low cooling rate, and a lower inner surface 

roughness in PCM containers. The bending of rough metal surfaces might be an uncontrolled activation mechanism 

during cooling [41].  

In previous work by the present authors, we tested various heat storage designs [42], each based on a flat box with 

SAT and additives as the heat storage material. A functioning design was identified as consisting of either steel or 

stainless steel units with room for PCM expansion in the box. Its thermal behaviour was then further investigated by 

using numerical models [38], [43]. The actual design and its characteristics with SAT as the heat storage material were 

investigated by Dannemand et al. under laboratory conditions [35]. It was proved and documented that the stable 

supercooling of SAT composites in flat boxes and cylindrical vessels [44] is enabled by: a) avoiding pressure changes 

in the PCM container (e.g. by using a membrane expansion vessel), b) smooth inner container surfaces, and c) heating 
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up the whole material volume to a minimum temperature of ~77 ºC. 

A numerical model for a solar combisystem for the Danish climate with an ideal seasonal PCM heat storage with 

SAT has been used to calculate the possible solar fraction of heat supply in a low-energy house [45], [36]. It was 

calculated that solar fractions in the range of 80–100% can only be achieved if the PCM storage volume is subdivided 

into segments. Individual control with respect to charging, discharging, and the initialization of solidification makes it 

possible to utilize a small storage volume to match domestic heat demand while conserving the remaining energy. 

In this context, the controlled initialization of crystallization is a key requirement. Several methods have been 

investigated. Successful initiation of crystallization of supercooled SAT with ultrasonic waves has been reported by Seo 

et al. [46], but other researchers [47] say that the crystallization failed. Starting solidification by cooling supercooled 

SAT below its crystallization point (around -15 ºC) [48] has been successfully achieved using local evaporation of 

carbon dioxide on the outside of a container wall in steel [35]. Another way to cool down SAT locally is to use Peltier 

elements. A set-up with double-staged Peltier elements reached -30 °C and would therefore be able to trigger the 

crystallization [49]. Adding seed crystals is another common method to initialize crystallization in laboratory set-ups 

[48], [50]. Crystallization with seed crystals works, if the seed crystals do not melt and become inactive [41]. Electric 

field nucleation has also been reported to work [24]. Activation methods based on local cooling as well as seed crystal 

injection seem to be reliable. 

 Storage principles with SAT 1.4.

SAT composites in closed containers can be utilized for heat storage with or without stable supercooling. In the 

temperature range of 20–90 ºC, SAT has a specific heat capacity of 2.9 kJ/(kg K) in liquid and supercooled state [22] 

and its density is 1280 kg/m3 in liquid phase [51], [52]. This results in a specific, volumetric heat capacity of 3.71 kJ/(l 

K) – a value close to that of water (4.18 kJ/(l K) [53]). The thermal conductivity of liquid SAT (0.4 W/(m K) [22]) is 

lower than for water (0.64 W/(m K) [54]). These material properties make SAT also suitable for sensible heat storage 

applications. 

Operation states are defined by the specific energy content and temperature of SAT at atmospheric pressure. Fig. 1 

shows the three different storage principles (a–c) which can be combined for the short-term and long-term storage of 

heat: 

(a) Its high heat-storage capacity at melting point is utilized (as latent heat storage) when no passivation of 

nucleation seeds is achieved during the charging of SAT composites. 

(b) Most of the heat of fusion can be transferred to a lower temperature level, reducing heat losses to the 

environment. When SAT composites supercool at ambient temperature, no heat loss due to heat transfer to the 

environment occurs until crystallization is initialized. Only changes within the material composition, such as 

phase separation, can reduce the potential of conserved heat. 

(c) When SAT composites remain in liquid state below their melting point, it is possible to utilize sensible heat 

storage without phase change. 

Storage principles (a) and (c) are relevant for short heat-storage periods (hours, days), while the utilization of stable 

supercooling (b) is beneficial for long-term storage (weeks, months). 
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Fig. 1. Heat storage operation states with SAT composites. 

 Scope 1.5.

This article introduces a heat storage system consisting of four heat storage units with PCM comprising a 

segmented PCM heat storage. The segmented heat storage was connected to a water buffer storage tank and solar 

collectors in a solar combisystem demonstrator. The combisystem was subject to energy draw-offs representing realistic 

domestic hot water (DHW) and space heating (SH) demands. An operation strategy for the PCM-solar combisystem 

was developed (based on numerical studies [36] and design criteria for solar combisystems) and applied to the system. 

We studied the thermal behaviour of the segmented PCM heat storage while charging with the solar collector and 

discharging to the water buffer storage. We investigated the ability of PCM units to supercool after being charged with 

solar heat as the heat source and to operate as long-term and short-term heat storage. We designed a mechanical 

activation device for the initialization of crystallization, which allowed the injection of seed crystals into the 

supercooled SAT in closed containers to initialize crystallization when desired. 

Investigations on a solar heating system with four heat storage units, each with 200 kg of SAT, and using phase 

change and stable supercooling for long-term heat storage have not previously been reported in the literature.  

Various heat storage operation states (Fig. 1) occurred in the PCM storage during the operation period from August 

to November 2015. Typical operation modes were analysed and evaluated in relation to the functionality of the heat 

storage prototype. Temperature developments in the heat transfer fluid (HTF) during the charging and discharging of 

PCM units in the context of the resulting heat transfer rates were the basic criteria for evaluation. Previous laboratory 

tests on PCM units [35] have showed that heat transfer rates during charging are rather high in comparison to those 

during discharging. The discharge behaviour of PCM units is clearly a limiting factor for their functionality and 

therefore of special interest. 







9 
 

 Activation device 2.3.

A mechanism for the initialization of PCM crystallization was realised as a prototype with components in 

acrylonitrile butadiene styrene (ABS) using a fused filament fabrication method with a 3D-printer. ABS has a relatively 

high temperature resistance compared to other 3D-printing materials. The activation device consisted of two main parts 

(Fig. 4a): the sealing unit and the triggering unit.  

The sealing unit secured the tightness of the PCM container and allowed the solid SAT crystals to be inserted via a 

hollow needle into the supercooled SAT. The unit had two different types of sealing membrane. The lower membrane 

had a low resistance against puncture with a hollow needle and was coated on the bottom with Teflon, which was in 

direct contact with the expansion chamber. The upper membrane was made of natural rubber, which can resist puncture 

for longer periods. 

  
Fig. 4. a) Diagram of the triggering unit (in moving position) mounted on the sealing unit;  

b) Drawing of the assembled triggering unit. 

The triggering unit (Fig. 4) was designed to be detached or mounted without affecting the PCM. The three main 

parts of the triggering unit were the mounting profile, a slider, and a stepper motor with a geared rod. The mounting 

profile provided the mounting holes for the stepper, the limit switch, and the fixture to the sealing unit. The slider 

moved on the sliding surface of the mounting profile. Upward and the downward forces were transferred by means of a 

nut, which was driven by the geared rod. A hollow needle and an adjusting screw for the limit switch were fixed at the 

top of the slider.  

The hollow needle contained the SAT crystals, and its initial position was outside the PCM box. The membranes 

ensured that no crystal seeds fell into the PCM before crystallization was triggered. To activate the PCM unit, the 

needle was injected through the membranes. Control was realised by a microcontroller board (ATMega 2560), a stepper 

driver (A4988), and an RS323 interface. The following control logic was programmed in the microcontroller: The slider 

moved upwards, until the limit switch was hit. The slider then moved downward a predefined distance and pushed the 

hollow needle through the membranes and into the liquid SAT. After a predefined waiting time the slider moved 

upward again until the limit switch was hit again. 
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 Heat storage configuration 2.4.

To apply the concept of a segmented PCM heat storage with water buffer storage to a heat source with fluctuating 

power, we built a storage configuration for controlled heat transfer. Hydraulic pipework was realised from the heat 

source to both the PCM units and the water tank. The various hydraulic circuits were set by means of 2-way valves, so 

that heat could also be transferred from the PCM units to the water tank. 

The components of the heat storage prototype configuration, including a solar collector circuit, are shown in Fig. 5. 

In principle, any heat source utilizing solar energy (such as a solar collector array or an electrical heater supplied by a 

photovoltaic system) can be integrated via a heat exchanger (HX). To overcome the problem of limited heat transfer to 

the PCM units [35] and to utilize solar energy for heat supply in periods of sunshine directly, domestic hot water 

(DHW) and space heating (SH) are supplied via the water tank. The water storage (735 L) was designed as tank-in-tank 

buffer storage with good thermal stratification behaviour for efficient short-term heat storage. The inner tank (175 L), 

situated in the centre of the tank) contained domestic water, which entered at the bottom during DHW tapping from the 

top of the tank. The outer tank volume contained water used as the HTF in a closed hydraulic system with a membrane 

expansion vessel for compensation for pressure changes. The static HTF pressure was maintained below 1 bar to secure 

the PCM units. DHW was heated up via the mantle surface of the inner tank from the warmer HTF in the outer tank 

volume. A space heating circuit (SH) was connected to the outer tank with an inlet at the bottom and draw-off in the 

middle of the tank. Pipes (¾", carbon steel), fittings and the plate heat exchanger (HX) were insulated with 19 mm of 

elastomeric foam. 
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Fig. 5. Diagram of the configuration of the heat storage prototype (heat storage components in black, integrated heat source 

and heat sink components in grey). 
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To charge the buffer storage, water from the bottom of the outer tank was circulated, heated up via the HX, and 

entered the tank via a prototype polymeric inlet stratifier of the same kind as investigated by Dragsted et al. [55]. Three 

valves (V12, V13 and V16) were open during direct charging from a solar heat source and circulation was driven by the 

buffer storage pump (PB).  

To charge the PCM units, the pump PPCM was used to circulate water via V15, V13, the HX and V11 to the segmented 

PCM heat storage. Heat transfer from the PCM heat storage to the water tank was realized via V15, V14 and V17 when 

PPCM was switched on. This configuration (Fig. 5) enables the integration of any number of PCM units. Four PCM units 

were installed for the heat storage prototype presented here. 

 Experimental investigations and calculations 3.

 Charging with solar heat 3.1.

A solar collector array (Fig. 6a), consisting of evacuated tubular collectors (type Kingspan Thermomax HP-450, 

total aperture area of 22.4 m²), was connected to the HX. It was set up with an inclination angle of 45º and an azimuth 

angle of 12º towards the east at the solar heating test facility of the Technical University of Denmark (northern latitude 

of 55.8º). The collectors had an optical efficiency of 0.75, and their heat loss coefficients were 1.18 W/(m2K) and 0.01 

W/(m2K2). The solar irradiance on the tilted collector plane (GTOTAL) was measured with a pyranometer, as indicated in 

Fig. 5. 

Operation was realised with a LabView program controlling valves and pumps (as described in section 2.4) with a 

five-minute reaction time for changes. The sequence of tests was based on sensor readings (Fig. 5): The collector circuit 

pump was started when the outlet temperature (TCOLL) of the collector was 10 K higher than the temperature at the 

bottom of the water storage (TB1). The water tank (Fig. 6b) was charged until a temperature of 60 ºC was reached in the 

middle of the water tank (TB2). Charging of the buffer storage stopped when either the lower or the upper threshold 

value was met. When the upper threshold for the buffer storage was reached, the collector circuit flow stopped until a 

collector outlet temperature of 70 ºC and sufficient solar irradiance (GTOTAL>150 W/m2) was measured, and then the 

PCM heat storage was charged. 

a)       b)  

Fig. 6. a) Solar collector array; b) Water tank and graphical LabView interface for live data reading. 
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 Experimental results and discussion 4.

 Charging with solar heat 4.1.

During controlled heat storage operation, PCM charging took place after buffer storage charging. This sequence 

was beneficial because the collector circuit was pre-heated for the charging of PCM units, which require higher HTF 

flow temperatures. Fig. 7 shows heat transfer rates (hourly averaged values) to the PCM units (red curves) for a 

representative period. On two sunny days (2nd and 3rd of October), all modules were charged by solar heat (units 1, 2 

and 3 already being in supercooled state, and unit 4 from a partially melted state). The development of PCM 

temperatures in Fig. 7 shows that PCM charging was successfully applied with up to four units (3rd of October) in 

parallel.  

After full charging (a minimum temperature of 80 ºC was achieved in all units) the units were passively cooled 

down. Three units went into supercooled state, while unit 4 solidified in the morning of the 5th of October after 

supercooling 5 K. The control system detected this PCM unit as the warmest and it was therefore charged again when 

solar heat was available during the afternoon of the same day. 

 
Fig. 7. PCM temperature developments in October 2015. 

This test proved that parallel PCM unit charging is necessary on sunny days. With rising PCM temperatures, the 

heat transfer rates of the units fell. With parallel PCM unit charging, all the heat from the collectors could be transferred 

to the PCM units and boiling of the HTF was avoided. 

PCM unit 4 never achieved stable supercooling during the test period. The SAT composite in this unit was similar 

to that in unit 3, which successfully supercooled. Even though unit 4 was frequently heated up to a PCM temperature of 

above 80 ºC, no stable supercooling was achieved. We think the supercooling failed because the PCM container was 

damaged. The failure meant we could not analyse the performance of the composite containing 2%wt EDTA. Our 

evaluations therefore focused on PCM units 1, 2 and 3. 

During the test period, most single PCM unit charging was from an initially solid state. For example, PCM unit no. 

1 was charged from ambient temperature (21 ºC) in solid state during the afternoon of the 8th of September 2015. Fig. 8 
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shows the changes in the HTF inlet temperature (TIN, grey curve) and the HTF outlet temperature (TOUT, black curve). 

As a consequence of the limited heat exchange capacity rate of the unit, the temperature of the charging circuit 

increased continuously for the first 150 minutes. Then the solar irradiance declined and TIN therefore decreased slightly. 

Charging of one PCM unit on a sunny afternoon with decreasing solar irradiance matches well with falling heat transfer 

rates (black dotted curve) during single unit charging when the PCM temperature (orange curve) was increasing. 

 

Fig. 8. Temperature and heat transfer rate developments during charging of unit1 from solid state. 

Heat was transferred for 250 minutes. Charging (indicated by the heat transfer rate) stopped when TPCM reached 80 

ºC. During this charging run, 27.4 kWh heat was transferred. The solar irradiance fluctuated due to clouds. The heat 

transfer rate varied correspondingly. Heat transfer rates of up to 16 kW occurred at the beginning of the test. Later they 

decreased constantly as GTOTAL decreased.  

A sharp increase in the TPCM can be seen after 240 minutes of charge. This indicates that the PCM was fully melted 

and convection of the liquid phase was taking place at the temperature sensor. Because TPCM is measured in a single 

location, its reading does not represent the mean material bulk temperature during dynamic charging or discharging. 

 Passive discharge of PCM units 4.2.

Significant heat losses occurred during parallel PCM unit cooling after full charge. Ambient air temperature 

differences between day and night of up to 7 K were measured. The calculation of heat loss coefficients (Table 3) using 

data from two independent cooling periods was therefore of benefit. 

Table 3. Calculated heat loss coefficients. 

 Unit 1 Unit 2 Unit 3 

Mean heat loss 
coefficient (W/K) 

4.5 4.3 3.9 

Unit 1 showed the highest heat loss rate, followed by unit 2 and unit 3. This ranking is probably a result of the unit 

height distribution in the stacked assembly, where unit 1 was lowest (Fig. 3). We did not observe any significant 
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influence of the different PCM properties on PCM unit heat losses.  

The units were installed in such a way that they could be tested individually. The large surface-to-volume ratio of 

an individual PCM unit resulted in unfavourably high heat loss coefficients. 

 Discharge of sensible heat from liquid PCM by heat transfer to the buffer storage 4.3.

Fig. 9a shows that sensible heat was discharged for 120 minutes from fully charged PCM unit 3. At the beginning, 

the unit’s heat exchangers were still hot (~75 ºC), which was indicated by the high initial outlet temperature (black 

curve). The resulting heat transfer rate (black dotted curve) therefore started at the peak value (15 kW). The heat 

transfer rate fell steadily, following the development of the decreasing HTF outlet temperature (due to falling TPCM). 

   a)  

b)  

Fig. 9. a) Discharging of unit 3 with a HTF flow rate of 5 L/min; b) Comparison of heat transfer rates (active cooling). 

As shown in Fig. 9b, heat transfer rates depended highly on the flow rate and the inlet temperature of the HTF. 

With the chosen end-criterion (TPCM = 60 ºC) between 8.5 and 9.5 kWh of heat were discharged from PCM units. For 

unit 1 (black curve), a flow rate of 10 L/min was applied. Thermal power started at 32 kW, when the hot HTF was 

pushed out of the unit’s channel heat exchangers. The discharge lasted for only 70 minutes. Cooling of unit 2 (grey 

curve) and unit 3 (black dotted curve) with a HTF flow rate of 5 L/min showed almost similar behaviour, but lasted for 

more than 130 minutes. This comparison shows that the flow regime in the heat exchangers at flow rates between 5 and 

10 L/min are similar and that heat transfer from the liquid PCM to the HTF was not a limiting factor. 
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 Initialization of crystallization 4.4.

Fig. 10 shows the development of TPCM (orange curve) and the temperatures on the surface of the unit heat 

exchangers (sensor distribution scheme in Fig. 2a) after crystallization of the supercooled PCM unit 1 was initialized. A 

constant HTF flow rate of 2.13 L/min was applied. At initial state (t= 0 min), TPCM was at 30 ºC and the surface 

temperatures of the heat exchangers were lower due to HTF flow. 

 
Fig. 10. Temperature developments during activation of PCM unit 1.  

After a time delay of 50 seconds, TPCM started to rise sharply to 57.6 ºC and reached its maximum value of 58.4 ºC 

after 10 more minutes. It took more than 110 seconds before the front (HTF flow direction) of the lower heat exchanger 

surface (indicated by TS1) started to heat up. TS1 reached its maximum temperature after 7 minutes and then declined 

slightly. TS2 and TS3, which were located about 1.6 m from the activation device, started to rise at t= 3.5 min. TS3 on the 

lower heat exchanger rose as fast as TS1, while TS2 at the rear section of the upper heat exchanger increased more 

slowly. 

Similar surface temperature developments were observed for all PCM units. Time delays in temperature rise 

indicate that the crystallization expanded at a speed of about 0.7 cm per second, which is comparable to results for 

crystal growth rates in an SA-to-water (55%wt) mixture from supercooled state [24]. Furthermore, surface temperature 

developments indicate that the heat transfer from PCM to the lower heat exchanger was better than to the upper heat 

exchanger. Material contraction and cavities formed on the upper side of the PCM layer could explain this, although 

unit 1 contained oil to fill cavities and improve the heat transfer during solidification. Solid SAT has a low thermal 

conductivity, which influences the unit’s heat transfer capacity significantly. This should therefore be considered when 

an improved PCM unit is designed. 

The test of the automated needle injection showed that the torque of the stepper motor was sufficient to drive the 

needle through the membranes into the supercooled SAT mixture and to initialize solidification, but it was too weak to 

push the hollow needle into a solid PCM bulk. This was indicated by the number of steps detected during the upward 

movement of the slider. Moreover, the hollow needle got bent and had to be replaced.  

The triggering unit was designed and optimized for the 3D-printing process. During PCM charging, the whole 

assembly was exposed to high temperatures. After repeated heating and cooling of PCM units, the mounting profiles 

were deformed and showed cracks. 
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 Discharge during solidification by heat transfer from PCM units to the buffer storage 4.5.

When the water tank was not cooled during discharge of PCM units (as for tapping of DHW or SH supply), HTF 

inlet temperatures at the PCM units increased. Fig. 11a shows this behaviour during continuous discharge of unit 2. 

After one hour, the inlet temperature (black curve) increased and after three hours the outlet temperature (grey curve) 

stagnated at a constantly low level. The heat transfer was therefore dramatically reduced. After 250 minutes, the 

temperature difference between inlet and outlet and the heat transfer rate were very small. The peak of thermal power 

(4.1 kW) was reached after 30 minutes, when the HTF in the unit’s heat exchangers reached its maximum temperature. 

For the first 150 minutes, the TPCM remained at melting temperature, but then it cooled down. Discharge stopped at the 

chosen end-criterion (TPCM=50 ºC). 

a)  

b)  

Fig. 11. Discharge after initializing solidification or supercooled PCM: a) Unit 2 with a continuous flow rate of 2.13 L/min; b) 

Interrupted discharge of unit 1 with a flow rate of 5 L/min. 

In contrast, Fig. 11b shows values from the discharge of PCM unit 1 on a cloudy day. During periods of bright 

sunshine on the collector array, buffer storage charging was frequently activated by the control. The PCM unit 

discharge was therefore interrupted several times. In these periods, heat was transferred to the HTF in the unit’s heat 

exchangers without flow applied. TOUT and the heat transfer rate therefore decreased more slowly during interrupted 

discharge. After 100 minutes, there was continuous discharge. Unit discharge stopped 5 hours after solidification was 

initiated. The higher flow rate applied meant that it took less time than the continuous discharge of unit 2. 
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flow almost matched the rates achieved during the continuous discharge of the same unit (HTF flow rate of 2.13 L/min). 

The interrupted flow prevented the rapid lowering of the HTF outlet temperature (Fig. 11b). During solidification, no 

convection took place in the PCM box. No significant influence on the heat transfer was observed at various different 

flow rates. This indicates low HTF flow rates in the unit’s parallel heat exchangers during all runs. So we can identify 

conductivity as the critical parameter in the heat transfer process from PCM to HTF, which is why pulsed HTF flow 

was beneficial. 

 Proof of concept 4.6.

Fig. 13 shows how operation modes were combined for later system demonstration to realise a sequence with 

combined short-term and long-term heat storage with the PCM heat storage.  

 

Fig. 13. Operation sequence with PCM unit charging and discharging (data from autumn 2015). 

The history of PCM temperature measurements indicated the state of unit charging. In September, starting from 

initial solid material state, unit 2 melted. On the 9th of September, charging stopped when TPCM2 reached 68 ºC. As a 

consequence, crystallization of the SAT composite started at its melting temperature when the unit cooled down. On the 

15th of September, full unit charging was achieved: TPCM2 exceeded 80 ºC. Until the 12th of October, sunny weather 

resulted in repeated charging. In periods without heat supply from the solar collector array, the unit was partly 

discharged to heat up the water tank and due to sensible heat losses to the ambient. After the 12th of October, solar 

irradiation was insufficient to charge PCM unit 2, so it cooled to ambient temperature and remained in a stable 

supercooled state. The SAT composite’s heat of fusion was conserved and no more heat losses occurred. The SAT 

composite remained in liquid state until crystallization was initiated on the 11th of November (after 57 days) for heat 

transfer to the water tank. In this way, solar heat from early October was utilized for domestic heat supply in mid-

November. 

This demonstrates proof of concept for charging by solar thermal collectors and discharge for domestic heat supply 

via a water tank. The segmented heat storage can also be used for year-round system demonstration by applying a draw-

off scenario for DHW and SH supply. This requires a control strategy for the initialization of PCM crystallization 

depending on the state of water tank charging. 
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