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ABSTRACT 

Due to the intermittency of solar energy, thermal 

energy storage is often required to increase the 

utilisation of solar thermal resources.  From building-

level short-term storage systems that can supply daily 

domestic hot water loads, to centrally located long-

term storage systems that can be used to satisfy 

seasonal space heating loads, numerous storage 

configurations can be adopted to increase the 

economic and environmental performance of solar 

energy systems. In this paper, dynamic simulation 

models are employed to analyse the impact of storage 

size, technology, and location on the economic cost 

and solar energy utilisation of solar energy system. 

Simulation results, assessed in terms of solar fractions, 

system efficiencies, and levelized energy costs, 

suggest that building level seasonal storage 

configurations outperform all other system 

configurations for the given case study.  

INTRODUCTION 

In European countries, thermal energy demand 

accounts for 50% of total building energy demand 

(Energy in Buildings Research Programme, 2013). As 

countries look to decrease the per capita CO2 

emissions, the need for renewable heating sources for 

the building sector is becoming an increasingly 

important topic. Solar thermal energy is a sustainable 

and affordable heat source that is often used to meet 

thermal energy demands in buildings. However, the 

temporal mismatch between demand and supply 

necessitates the utilisation of both short-term and 

seasonal heat storage systems.  

Various system configurations exist to efficiently 

utilize solar thermal resources in neighbourhoods 

(Bauer et al., 2010) (Sibbitt et al., 2012) (Strasser et al, 

2012).  These include building integrated solar 

collectors or centrally placed collector fields, 

combined with building level storages or centralized 

storages connected to district heating networks. The 

advantages and disadvantages of building integrated 

solutions in comparison to centralized solutions are 

often discussed, however the comparative 

performance of different configurations on the same 

site is rarely assessed. 

Therefore, this paper aims to analyse and compare the 

system performance of various thermal energy storage 

types at both the building and neighbourhood level. 

Firstly, characteristics of the energy systems, such as 

storage device capability, district network operation, 

solar energy potential, and building energy demands, 

are analysed. This is followed by the identification of 

feasible system configurations, which vary in terms of 

storage location, size, and storage residency time. Two 

storage technologies, sensible heat storage and 

sorption-based heat storage, are considered. Sensible 

heat storage is represented by a water-based storage 

tank, which can be used as short-term or long-term 

storage. While, a NaOH sorption-based heat storage 

with no time dependent heat loss (Weber et al. 2008) 

is considered as a long-term heat storage solution. 

Water-based sensible heat storage and NaOH sorption 

storage are chosen in this paper due to their distinct 

storage behaviours. Three major differences between 

these two technologies are the presence of time 

dependent heat loss in sensible heat storage, different 

energy densities, and different charging/discharging 

criteria. Dynamic models are required to accurately 

capture the temperature dependent system 

performances, therefore the simulation software 

EnergyPlus (DOE, 2010) is used to model all relevant 

system components. These components include solar 

thermal collector plates, thermal energy storage tank, 

and building thermal energy demand. Finally, the 

potential and usability of the different storage 

configurations are demonstrated in a suburban quarter 

in Switzerland.   

METHOD 

System Configurations 

The different storage configurations are characterized 

by the following characteristics: 

 Storage sizes: short-term (S) and long-term (L) 

storage.  

 Storage locations: decentralized storage (D) at 

building level and centralized storage (C) at 

neighbourhood level.  

 Storage technologies: sensible water based 

storage, and a sorption storage with sodium 

hydroxide solution (NaOH storage). 

Based on the characteristics mentioned above, five 

storage integrated solar energy system configurations 

are defined for analysis (see Figure 1). The 
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configurations include a base case scenario, where no 

storage is included (NS), a decentralized short-term 

water-based storage (DS), a decentralized short-term 

and a water-based long-term storage (DS+DL), a 

decentralized short-term and a NaOH long-term 

storage (DS+DLn), and a decentralized short-term and 

centralized long-term water based storage (DS+CL). 

The simulation tool EnergyPlus, which takes into 

account time-dependent changes in the system due to 

component interactions and environmental conditions, 

is employed to assess the performances of the different 

storage configurations. 

 

  

Figure 1 System Configurations. 

 

System Components and Sizing 

The main components in the storage integrated solar 

energy system include solar thermal flat plate 

collectors, electrical heaters, two types of storage 

tanks, and a district-heating network. Solar thermal 

energy potential for the solar collectors, and the space 

heating and domestic hot water demand of buildings 

are modelled in EnergyPlus. Auxiliary electric heaters 

are used when solar thermal heating supply is 

insufficient. Modelling of the above components was 

carried out as follows:  

i) Sensible heat storage: The water-based sensible heat 

storage is represented as a stratified water tank with 

six nodes in EnergyPlus.  The tank insulation 

properties are chosen to be in compliance with SIA 

385/2 standards (SIA Zurich, 2011). The charging of 

the tank is controlled by the available solar radiation.  

In order for heat to be extracted from the collectors, 

the temperature rise through the solar collectors must 

be greater than 10 K. Additionally, to insure that the 

water remains in liquid phase under atmospheric 

pressure, charging is terminated when the water 

temperature in the tank reaches 95˚C.  

Storage tank sizes used in this paper are determined by 

applying an optimization tool that is based on the 

energy hub concept. The aim is to determine the short-

term and long-term storage volumes that are required 

in order to minimize the total annual capital and 

operating cost of the solar energy system for each 

building. Further details on the modelling of storage 

sizes using the energy hub concept are discussed in 

(Omu et al., 2015).  

ii) NaOH storage: The sorption storage is modelled by 

linearizing efficiency performance within specified 

charging and discharging conditions. In EnergyPlus, 

heat exchangers (HX) connecting cooling and heating 

loops are used to represent charging and discharging 

mechanisms, respectively. The storage can only be 

charged if the solar collector temperature is higher 

than 80˚C, however it can be discharged with constant 

efficiency regardless of the storage temperature or 

amount of heat stored. When discharging, the storage 

can provide a temperature rise in the discharging loop 

of 8-35 K, but the discharging efficiency reduces as 

temperature rise increases. For simplification, a 

constant efficiency with a moderate temperature rise 

of 20 K is assumed. In this paper, NaOH storage is 

charged during summer and discharged during winter, 

and thus only used for long-term storage.  

iii) District heating network: The district heating 

system in the centralized storage configuration is 

modelled using a simplified representation with the 

underground pipe component in EnergyPlus. The 

model takes into account heat loss in piping with 

changing temperature and flowrates at each time 

instance. 

iv) Solar thermal collectors:  Roof-mounted flat plate 

solar collectors with water circulation are used to 

harvest solar energy. The available roof area is 

determined for each building in the quarter. It is 

assumed that 80% of the area available on flat roofs 

and 50% of the area available on tilted roofs can be 

utilized for the installation of solar collectors.  

In the decentralized storage cases, roof mounted 

collectors supply both DHW and SH. However, in the 

centralized storage configuration (DS+CL), solar 

collectors are separated for DHW and SH. The 

corresponding collector areas for short-term storages 

are assigned according to the following rule of thumb: 

0.1 m3 tank volume/m2 collector area (Eicker, 2014). 

This way, the DHW demand can be satisfied to a 

higher extent while the rest of the collectors send heat 

to the centralized storage to supply space heating 

within the neighbourhood.  

v) Heating Demands: Building space heating demand 

(SH) is modelled in EnergyPlus, using building 

geometries, information on construction materials, 

local weather data, and internal gains, see chapter 

“Case study” below.  Schedules for room air 

temperature set points, internal gains from occupancy, 

electrical appliances, and lighting are taken from SIA 

2024 (SIA, 2006). A low temperature floor radiating 

system is used to supply space heating. Domestic hot 

water (DHW) use is modelled in EnergyPlus as water 

use equipment. Heating demand for DHW at each time 

step is calculated with DHW flow rate and target 

temperature. The DHW demand profile for medium-

load European households is used (Spur et al., 2006), 

together with a water supply temperature of 45°C.  
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System Models 

System configurations (as shown in Figure 1) are 

modelled in EnergyPlus using the previously 

described system components. All configurations 

consist of solar thermal collectors, storage devices, 

floor heating system, and auxiliary electricity heaters. 

Individual configurations are modelled and simulated 

over the period of one year at 15 minute time intervals. 

Differences between configurations and 

characteristics of modelling details are described 

below: (See Figure 2 for schematic sketches of 

EnergyPlus plant loops). 

1) NS configuration: The base case configuration 

without the option of thermal storage. It consists of a 

buffer tank that connects the collector loop with the 

heating loop.  The buffer tank acts as a heat exchange 

media with no thermal storage capability. Thermal 

energy harvested from the collectors is transferred to 

the buffer tank through the collector loop, and then 

sent directly to the heating loop to supply the required 

heating energy. An auxiliary electricity heater covers 

heating energy demands during periods when not 

enough solar thermal energy is available. 

2) DS configuration: A short-term storage tank 

supplying heat for SH and DHW replaces the buffer 

tank in the base case (NS) configuration. Unlike buffer 

tanks, short-term storage tanks possess heat storage 

capability.  They allow heat from the solar collector to 

charge the tank when solar energy is available,  and 

heat can then be discharged from the tank at a later 

time in order to meet energy loads from the building. 

3) DS+DL configuration: A water-based long-term 

storage tank is added to the short-term storage 

described above in the DS configuration. The heat 

transferred from solar collectors charges both tanks 

via the buffer tank. Heat stored in the short-term tank 

is used to supply DHW, while heat stored in long-term 

tank is used to supply SH. 

4) DS+DLn configuration: This case is similar to the 

DS+DL configuration, however an NaOH storage 

replaces the water-based long-term storage in order to 

supply SH. The charging and discharging processes in 

the absorption-desorption chamber of the NaOH 

storage is represented by two separate plant loop sets 

in EnergyPlus. For the charging operation, the HX 

connected to the charging loop transfers heat to the 

HX cooling loop. During discharging of the NaOH 

storage, the stored heat is withdrawn from the HX 

heating loop to the discharging loop, and then 

transferred to the SH loop through SH tank with no 

storage effect to the SH branch. If no more heat can be 

discharged from the NaOH storage, the auxiliary 

heater on the SH loop is used to supply additional 

heating. The maximum discharging capacity is set to 

the amount of heat being stored during summer. 

5) DS+CL configuration:  The DHW and SH demands 

are supplied by different sets of collectors. 

Consequently, as it employs building level collectors 

and storage, the DHW supply is separate from district 

heating network.  On the other hand, the SH supply is 

distributed from the central long-term storage tank to 

all buildings via the district heating network. This 

way, the behaviour of short-term storage tank does not 

affect the long-term storage tank. All of the collectors 

connected to the central storage are used to supply 

heating for all of the buildings that are connected by 

the district-heating network. A simplified DH network 

representation is modelled via underground pipes 

between thermal storage components and buildings in 

EnergyPlus.  

 

 

 

Figure 2 Schematic sketch of EnergyPlus loop 

connections of all configurations. 

The Case Study 

In order to evaluate the performance of the different 

storage configurations, a neighbourhood with 11 

buildings is chosen as a case study. All configurations 

have the same roof-mounted collector surface area 

(Ac) and heated floor area. The case study is located in 

a suburban area in Rheinfelden, Switzerland. Figure 3 
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displays the layout of the 11 buildings. Building 

geometries were obtained from the 

swissBUILDINGS3D 1.0 (Federal Office of 

Topography, 2010) database, while building types 

were obtained through field research. There are three 

types of buildings in the neighbourhood: single family 

house, attached single-family house, and apartments. 

It is assumed that all buildings are built or renovated 

to meet Swiss standard SIA 380/1 (SIA, 2009), and 

occupancy densities and profiles are in accordance 

with standard SIA 2024 (SIA, 2006).  

Detailed building information including building 

types, occupants, energy demands and storage sizes 

are listed in Table 2. Configuration DS+CL which 

consists of a centralized storage also has a 

predetermined district heating network structure, 

which is shown in Figure 3. Note that the size of the 

CL storage tank is equal to the sum of DL storage 

tanks for all buildings in the DS+DL configuration. 

   

Figure 3 Building layout and annual building SH 

demands within the neighbourhood together with 

district heating network connections. The circle in 

the middle indicates the CL storage location.  

Key Parameters for Analysis 

Solar fraction (SF), system efficiency (SE), and 

levelized cost (LC) are the three parameters that are 

used to evaluate the performance of different storage 

configurations. 

Solar Fraction describes how much of the buildings 

heat demand is supplied by solar thermal energy. 

 

SF=
Annual heat demand  supplied by  solar 

Annual heat  demand
 (1) 

Depending on the configuration, SF is calculated for 

total demands covering both DHW and SH demand or 

specifically for DHW or SH separately.  

System Efficiency of solar energy use describes how 

well the system can conserve the solar energy 

harvested until it is used. It denotes the effectiveness 

of the storage systems charging and discharging, and 

is defined as follows:  

SE= 
Annual heat demand  met by  solar

Annual collector heat gain
 (2) 

In this equation, “Annual collector heat gain” refers to 

the total amount of solar thermal energy gained in the 

collectors over the entire year, which is subsequently 

sent to the storage tank to be stored or used directly. 

Levelized cost of energy (CHF/kWh) describes the 

economic performance of the configuration. It is 

defined as the sum of the total installation costs (i.e. 

fixed costs) and the operational costs (i.e. variable 

costs), over the whole system lifetime divided by the 

amount of energy production over its lifetime. Fixed 

costs include capital costs of the solar thermal 

collectors, storage devices, auxiliary heating system, 

and the district-heating network. Variable costs 

include operating costs of auxiliary heaters, pumps 

and storage devices.  Table 1 summarizes costs for 

equipment installation and operation. 

 

LC=
Fixed Costs

Energy Production ×System Lifetime
+

Variable Cost

Energy Production
      (3) 

 

 

Table 1 Costs for equipment installation and 

operation (Note that, system lifetime is assumed to be 

25 years.) 

FC Solar Collectors 

Storage Tanks 

El. Heaters 

Pumps 

DH Network 

1380 

5000 

700-4000 

900-8000 

380 

CHF/m2 

CHF/m3 

CHF 

CHF 

CHF/m 

VC Electricity 

NaOH storage operation 

0.153 

3* 

CHF/kWh 

CHF/kWh 

*The installation cost for NaOH storage is included in the 

operation cost. 

 

Additional parameters that are used for the analysis 

include, the specific solar potential (Ac/heating 

demands), the storage volume divided by collector 

area (V/Ac), which represents the performance on the 

charging side of the system, and the storage volume 

over the heating demand (V/heating demand), which 

represents the performance on the discharging side.  

 

RESULTS 

Solar Fraction and System Efficiency 

Figure 4 shows the simulated SF and SE for each 

building and the mean values of all 11 buildings for 

the five configurations. The NS configuration 

represents the baseline to assess the performance of 

configurations with storage devices installed. In 

configurations possessing separate storages for SH 

and DHW demands, individual SF for SH and DHW 

demands, as well as Total SF are shown. Table 3 

shows the comparisons of SFs for all configurations. 
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Table 2 

Building information in the neighbourhood, including building types, heated area, collector area, thermal 

demands and tank sizes in each building with different configurations. The DS tank sizes are the same in 

DS+DL(n) and DS+CL configurations ; and the CL tank size is equal to the total DL tank volume. 
  B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 Total 

Building Type  aSFH SFH SFH Apartments aSFH aSFH  

Heated Area m2 286 842 407 1745 735 945 713 945 880 1100 902 9500 

Installed 

Collector Area* 
m2 115 211 102 218 92 189 143 252 176 183 150 1831 

Occupants # 5 15 7 35 15 19 14 19 18 20 26 182 

SH Demand MWh/a 8.0 23.0 7.7 25.7 8.9 13.2 10.3 13.5 16.2 21.6 12.6 161 

DHW Demand MWh/a 2.6 7.5 3.6 17.6 7.4 9.5 7.2 9.5 8.9 9.8 8.1 92 

DS 

DS Tank Size  m3 11 24 10 25 10 19 14 25 18 21 15  

DS+DL(n)/ DS+CL 

DS Tank Size m3 2.7 10.7 5.2 12.6 3.5 3.9 3.4 4.6 7.3 4.7 3.9  

DL Tank Size m3 18 40 16 40 32 31 47 57 43 66 47 437 

DLn Volume m3 2.0 2.6 1.6 2.1 1.1 2.3 1.7 2.6 2.0 2.1 2.2  

* Collector area is defined as 80% of roof area for flat roofs, and 50% of roof area for tilted roofs. 

aSFH: attached Single Family House; SFH: Single Family House 

 

 

 

 

 

Figure 4 Simulated solar fractions (SF) and 

system efficiencies (SE) of buildings B1 to B11 

together with the mean, for all 5 system 

configurations. 

 

Table 3  

Min, max, and mean simulated SFs of buildings 

within the quarter for all configurations. 

 NS DS DS+DL DS+DLn DS+CL 

Min 12 41 52 46 34 

Max 19 57 74 66 50 

Mean 15 47 61 57 44 

Storage Performance 

Figure 5 (upper two graphs) shows the comparison 

between short-term and long-term storage 

combinations in terms of weekly supply breakdowns 

for an example building (Building 1) in the DS and 

DS+DL configurations. Results are given for the 

amount which can be covered by solar (solar) and the 

amount which has to be covered by auxiliary heating 

(aux). We distinguish between DHW auxiliary heating 

(DHW aux), SH auxiliary heating (SH aux) or 

combined in total auxiliary heating (aux).  

The lower graph in Figure 5 shows the weekly supply 

breakdown of Building 1 for the NaOH storage 

configuration (DS+DLn). Results are again given for 

the demand which can be covered by solar and the 

Proceedings of BS2015: 
14th Conference of International Building Performance Simulation Association, Hyderabad, India, Dec. 7-9, 2015.

- 2603 -



amount which has to come from auxiliary electrical 

heaters.  

 

 

 

Figure 5 Weekly supply breakdowns over one year 

of Building 1 in DS, DS+DL, and DS+DLn 

configurations. 

 

Levelized Cost of Energy Production 

Figure 6 displays the mean levelized cost of energy of 

all 11 buildings for the 5 different system 

configurations. 

 

Figure 6 Levelized costs (LC) of energy production 

versus solar fractions of 11 buildings for different 

configurations. 

 

DISCUSSION 

Solar Fraction 

As shown in Figure 4, SF increase together with 

storage capacity, ranging from 12% for the base case 

up to 74% for the combination of short-term and long-

term storage. At building level, long-term storage 

provided by the sensible heat storage and NaOH show 

similar behaviours.  Both storage types are charged in 

summer and discharged during winter, resulting in 

similar SF for both configurations. Comparing SF 

between decentralized and centralized long-term 

storage tanks, a trend of around 10% lower SF for 

DS+CL can be observed, due to heat loss in DH 

networks. 

System configurations including a water-based 

storage tank are dependent on the dynamic behaviour 

of storage tank temperatures, which is shown in Table 

4 with the linear regression values of the following 

parameters: (Ac/heating demands); (V/Ac), and 

(V/heating demand) and SF.  

 

Table 4 

R-Squared value of linear regression of each 

parameter versus SF in different configurations. 

 DS DS+DL DS+DLn DS+CL 

VDL/SH  0.651* 0.454 - - 

VDS/DHW  0.054 0.581 0.028 0.166 

Ac/SH  0.632 0.704 0.756 - 

Ac/DHW  0.100 0.073 0.108 0.210 

VDS/Ac 0.305 0.585 0.287 - 

VDL/Ac - 0.021 - - 

* This value is plotted versus VDS/SH demands, since there 

is only one DS tank supplying both DHW and SH demand. 

 

In DS configuration, SF is mainly dependent on the 

available storage volume, thus V/SH shows the 

strongest correlation. Since tanks are sized for short-

term storage, re-charging cycles occur more 

frequently, therefore, the temperature drop caused by 

the discharged volume is more influential.  

In DS+DL configuration, SF is increased by covering 

SH with a separate long-term storage tank. In this case, 

the Ac/SH (R2=0.7) has the most influential effect on 

total SF, which means the ability to recharge the long-

term tanks combined with the withdrawal volume for 

SH is influencing the behaviour of the long-term tank. 

In DS+DLn, the long-term NaOH storage is 

independent from storage temperature, but still SF is 

correlated to Ac/SH, but in this case it represents how 

much of the heat that is charged in summer can be used 

to cover SH in winter.  

In DS+CL configuration, the short-term and long-term 

tanks are charged by separate collectors. Since the 

building level short-term tanks have a fixed V/Ac, the 

Ac,DHW/DHW ratio influences the charging and 

discharging balance, and thus the temperature inside 

the tank. As for the SH, since there is only one 
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centralized long-term storage tank, the tank 

temperature does not have a different influence on SF 

of each building. However, the supply temperature at 

building level is strongly influenced by the location of 

the centralized tank, and thus the SH in each building 

dominates the SF.  

Finally, the highest mean SF of the neighbourhood is 

achieved by the DS+DL configuration, resulting in a 

value of 61%.  

System Efficiency 

The integration of storage in energy systems decreases 

system efficiencies from 97% in the NS configuration 

to between 58 and 82% in the other configurations.  

Since solar thermal energy is mainly available during 

low energy demand periods, charging/discharging 

losses, connection losses, and sensible heat losses 

influence SE before the energy is used for DHW or 

SH. 

From all storage system configurations DS yields 

highest SE, due to higher discharging rates and hence 

shorter storage periods. V/heating demand ratio is 

often used as indicator for time dependent heat loss. 

As V/heating demand decreases, the discharging rate 

of the tank increase, resulting in shorter storage 

residency times, which leads to higher SE. However, 

high discharging rates also indicate that storage 

capacities are relatively small compared to demand, 

thus SF are always lower when the discharge rate is 

higher.  

In addition to time dependent heat loss, maintaining 

the temperature hierarchy to transfer heat constantly 

from buffer tank to the storage is important for 

maintaining high SE. SE in DS+DL configuration is 

comparable to DS configuration despite the large 

portion of long-term heat storage. This is because the 

long-term tank temperature is low enough for 

continuous charging and discharging in winter, thus 

the long-term storage tank also achieves a high SE. 

With the use of NaOH as long-term storage in 

configuration DS+DLn, no time-dependent heat losses 

occur, but high conversion losses do occur during 

charging and discharging. Another reason for slightly 

lower SE with NaOH storage is because the return 

temperature to the buffer tank is always around 60˚C, 

which maintains the buffer tank at a high temperature, 

prohibiting heat transfer from the collector loop to the 

buffer tank. SE shown in Figure 4 indicate that the heat 

loss over time from water-based storage (DS+DL) is 

comparable in size to the conversion heat loss of the 

NaOH storage (DS+DLn). 

Low SE in the configuration using centralized long-

term storage (DS+CL) is mainly driven by heat losses 

through connections and piping, rather than time-

dependent heat loss. 

Storage Performance 

The performance of storage is characterized by the 

additionally required auxiliary heating. In the DS 

configuration, auxiliary heating is necessary from late 

October to mid-February. In DS+DL, the increase in 

storage capacity means that the auxiliary heating 

period can be reduced to late November until mid-

February.  When separating storage devices for SH 

and DHW, as in the DS+DL configuration, the 

charging temperature of the DL water tank which 

supplies SH can be reduced, resulting in a positive 

effect on SF. 

Results for DS+DLn further show that auxiliary 

heating is only required to supply SH, and not DHW, 

and the activated period changes from  January to 

April. Despite the fact that the SF of Building 1 in the 

DS+DL and DS+DLn configurations are similar, the 

periods when stored heat is used are very different. 

Comparing the long-term storage, DL is charged in 

summer, and the charged heat is enough to supply SH 

until late November. From then on, DL could be 

partially charged, therefore, it can still supply heating 

partially throughout the winter. However, DLn is only 

charged in summer, and the charged heat is sufficient 

to supply SH entirely until beginning of January. Since 

charging is not possible during winter due to limitation 

of minimum required charging temperatures, SH has 

to rely on auxiliary heating when no stored heat is left. 

Levelized Cost of Energy Production 

Due to low fixed costs and the fact that variable cost 

for auxiliary electrical heating is relatively cheap, the 

base case configuration (NS) yields the lowest LC in 

all buildings. For building level water-based storage 

configurations (DS, DS+DL), the LCs show a 

proportional trend to storage sizes. As system 

complexity increase due to the addition of more 

devices for storage and pumping, the increase in LC is 

mainly driven by higher investment costs.  

Configuration DS+DLn results in the highest LC, 

since the NaOH storage variable cost is presently 

almost 20 times higher than costs for electricity. 

For the DS+CL configuration, total LC is higher than 

DS+DL, but in a comparable range. As the total 

storage tank volume is the same in DS+DL and 

DS+CL configurations, DH network installation and 

circulation pumping electricity is the cost driver in this 

case. 

CONCLUSION 

This paper presents the dynamic energy performance 

of different storage configurations applied to a 

neighbourhood in Switzerland. Results suggest that 

the available solar potential can be more efficiently 

utilized if both short-term and long-term storage 

systems are adopted. The best utilization of the on-site 

solar potential can be achieved with a combination of 

short-term and long-term water-based storage 

(DS+DL) configuration, in which more than 50% of 

heating demand can be covered by solar. 

Increasing storage volume leads to an increase in solar 

fraction.  However, system efficiencies decrease due 

to higher complexity of the system, increased losses 

for charging and discharging, and increased sensible 

heat losses during the storage period. The comparison 

of two different long-term storage technologies (i.e. 
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water based and a sorption-based storage) determined 

that a significant advantage of the sorption based 

storage is an 80% lower space requirement for 

achieving comparable solar fractions as the water-

based storage. However, the resulting operating costs 

are significantly higher. As for the centralized storage 

system, system efficiencies decrease due to higher 

heat losses through network transmission.  

It is shown, that the system performance is highly 

dependent on whether the adequate amount of heat is 

utilized. Therefore, correct sizing of collector areas 

and storage devices according to the desired heating 

demand is important for the effective installation of 

solar based heating systems.  

OUTLOOK 

In the present contribution, storage configurations are 

modelled using the building simulation tool 

EnergyPlus. Results suggested that system 

efficiencies could be further improved if outlets at 

different tank height and thus temperature levels could 

be considered.  The current version of the storage tank 

model allows for only one supply inlet and one 

discharge outlet which limits the performance. 

Secondly, the district heating network model which is 

incorporated in the present contribution is based on a 

very simple representation, which could be further 

improved in future contributions.  

The dynamic storage integrated solar energy system 

study demonstrates that heat storage location and the 

optimal sizing are crucial issues to improve the 

performance of renewable energy sources in 

buildings, and thus merit further investigations in the 

future.  

NOMENCLATURE 

Ac Collector surface 

CL Centralized Long-term Storage 

DH District Heating 

DHW Domestic Hot Water 

DL Decentralized Long-term Storage 

DLn Decentralized Long-term NaOH 

Storage 

DS Decentralized Short-term Storage 

HX Heat exchanger 

LC Levelized costs 

NaOH 

storage 

Closed sorption storage with NaOH 

NS No Storage 

SE System Efficiency 

SF Solar Fraction 

SFH Single Family House 

SH Space Heating Demand 

Vtank Storage Tank Volume 
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