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Abstract

The design and calculation of the behavior of Central Solar Heating Plants with Seasonal Storage (CSHPSS)
during the year is a complex process requiring detailed climatic and demand data in order to properly
design/sizing the plant components to reach the desired solar fraction. The utilization of simple methods for
the calculation of these plants allows the sizing of the main components and provides an estimate of the
system performance during the year, using easy to find demand and climatic data. In this paper is presented
the beta version of a software based on the simple method developed by the authors. The software provides a
pre-design of the main components of these systems as well as to establish design criteria of CSHPSS. as
well as a preliminary economic and environmental evaluation. The developed software is also very useful to
perform economic and environmental analysis to evaluate the CSHPSS systems.
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1. Introduction

The World energy demand in the residential sector (2035 Mtoe) represents roughly 27% of the final energy
consumption (IEA, 2013). The development of solar systems covering part of the residential thermal energy
is an economically viable option that reduces the consumption of fossil fuels. Hence, the production of a
significant part of this demand with solar energy might solve an important part of the energy problems:
shortage, dependency, high prices fluctuation, pollution, climate change, among others (IEA, 2012). The
Spanish normative on buildings (CTE, 2006) requires for new buildings, depending on the climatic location,
a production with solar energy of 30% to 70% of thermal energy demand of domestic hot water (DHW).
Considering also the coverage of other heating demands in buildings as space heating or even cooling with
absorption machines, the real potential of the solar thermal energy is very high, almost 75% of the total
energy consumed in buildings.

Central solar heating plants with seasonal storage can cover a high solar fraction of the space heating and
domestic hot water demands of big communities at an affordable price. These systems already supply heat to
big communities through district heating systems in the north and center of Europe. The evaluation of the
performance and the design of these centralized solar systems is a complex process, due to their dynamic
behavior both during the day and along the year.

The production of the solar collector field depends on the solar radiation and the ambient temperature
changing along the day. The behavior and operation temperature of the seasonal storage depends on the
demand and solar production distributions along the year. Further, the size of the demand and the location
affects to the performance of the system in such way that the design criteria for the north and south of Europe
are very different. As a result, the process of pre-design and study in initial stages of the project becomes a
real challenge.

Dynamic simulations with TRNSYS (TRNSYS 16, 2004) of CSHPSS provide an evaluation of the
performance of its behavior with a high accuracy (Raab et al., 2005; Lundh and Dalenbéck, 2008; Lozano et
al., 2010; Guadalfajara et al., 2012; Guadalfajara, 2013) but it requires exhaustive and detailed information
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and a high computational effort. Simple calculation methods requiring less detailed data and a lower
computational effort can complement TRNSYS providing a preliminary quick evaluation of the size of the
main components of an installation facilitating the design task and providing an estimate of its annual
performance (Lunde, 1979; Braun et al., 1981; Guadalfajara, 2013; Guadalfajara et al., 2014a, 2014b).

In this paper is presented a software application for the analysis, pre-design and performance evaluation of
CSHPSS using the simple calculation method developed by the authors (Guadalfajara et al., 2014a). The
software application is a distributable Engineering Equation Software (EES, 2013) program. It uses public
demand and climatic data that can be easily obtained. Data corresponding to several cities from Europe have
been initially included in the application (Aberdeen, Amsterdam, Ankara, Athens, Barcelona, Belgrade,
Berlin, Bordeaux, Bratislava, Brno, Brussels, Budapest, Cagliari, Chisinau, Copenhagen, Debrecen, Dublin,
Firenze, Frankfurt, Grenoble, Goteborg, Hamburg, Helsinki, Innsbruck, Izmir, Kiev, Krakow, Lisbon,
London, Lyon, Madrid, Manchester, Marseille, Milano, Minsk, Nantes, Napoli, Odessa, Oslo, Oulu,
Palermo, Paris, Porto, Riga, Roma, San Sebastian, Skopje, Sofia, Stockholm, Strasburg, Tallinn, Tirana,
Toulouse, Trondheim, Umea, Valencia, Varna, Warszawa, Wien, Zagreb, Zaragoza and Ziirich) but more
locations can be included by the user. The software calculates the monthly performance of the system, i.e.
heat demand, solar production, auxiliary energy required and average storage temperature. The software also
calculates the hourly performance of the solar collector field on a typical day each month. It can be used to
pre-design the solar field and the volume of the seasonal thermal energy storage of CSHPSS, as well as to
perform easily analysis for the evaluation of these systems. The software application evaluates the technical
and economic feasibility and the environmental benefits in an early stage of a project, contributing also to
establish optimization and design criteria of CSHPSS.

2. Description of the Software

EES is a general equation solver program that can numerically solve thousands of coupled non-linear
algebraic and differential equations. EES also contains thermophysical properties of working fluids and
common substances used in thermal energy systems. With this software a distributable program has been
created for the analysis, pre-design and performance evaluation of CSHPSS systems, based on the
calculation methodology proposed by the authors. The program consists of four calculation modules
(Guadalfajara et al., 2014a). Module 1 elaborates the climatic and demand data. Module 2 calculates the
hourly performance of the solar collector field in a typical day each month. Module 3 calculates the monthly
system performance: seasonal storage thermal losses, solar energy produced, auxiliary energy required and
seasonal storage temperature. Module 4 calculates the annual results of the system and determines the
economic and environmental costs of the thermal energy produced from solar radiation.

Climatic and demand data are used in Module 1 to calculate the system performance in a specific location,
selected among those included in the program. The size of the community (number of dwellings) and the
design ratios for the area of solar collectors and for the thermal energy storage are user defined parameters. A
number of coefficients of performance for the solar collector, the heat exchanger and the seasonal storage
can be adjusted. Also economic and environmental parameters can be adapted to specific user defined
values. To adjust the design parameters and to analyze the results, six interface windows have been built,
starting from general parameters of the system to specific considerations of each component. In these
windows the design parameters can be defined and the results are obtained with the help of several graphs
and diagrams that support the evaluation of CSHPSS.

In this section is presented the sequential procedure of the software to calculate and pre-design a CSHPSS
installation. There are six subsections, corresponding each to a different window available in the developed
software: main window, solar collector field, seasonal storage, heating demand, economic evaluation and
environmental assessment (Life Cycle Assessment). Each window contains its specific design parameters
that can be adjusted by the user, a heading with the name of the window/section as well as explaining
information including design parameters values suggested by the authors.

2.1. Main window

The main window of the software is shown in Fig. 1, in which global design variables of a CSHPSS system
can be defined and the main results of the system are presented. The window is divided in 6 blocks.



Guadalfajara, Lozano, Serra, Rodriguez / EuroSun 2014 / ISES Conference Proceedings (2014)

Simple Method Aragin Inalitute
Design of Central Solar Heating Plants With Seasonal Storage £ er ol Enginecring Rescarch

Authors: M. Guadalfajara, M_A. Lozano, L.M. Serra, J. Rodriguez ; UniwersityZarago

Bolar Fraction = 06814 ANNUAL RESULTS
oh = 2081

RAD = [m?""uuh] Qr =551z Max T::m-j-ﬂn._,ld.['q‘_‘]
RVA =[6] [m" im’]

Crenteal Salar Heating Plants with seasonal -
stouages. [known as CSHPSS) are spstoms
ahde of producing a high fraction of -
hermal snergy lor T ieedential cecbor Qc = Jzar
with zolar energy, The spstem has a solar
wullucion lesld thal banstvsm e sula
padistion into themal energy that is Qg = 2337
iranelmeml o cnaconal closaga. The ! o= 1362

seasonal stoaage is able of acumulate the
ihermal eReigy Hom the snasaone wilh mane
production to the seasons with mose

Advanced parameters
The: aystem petnamance depends on Encrgy Flows (MWh)  MONTHLY RESULTS Storage Temp. (*C)
diffessnt paramatans: 10K - - - -

- Solar Colleclurs Frald: ar —a[ — d —x—{Jq === Taou
Colar collectors efliciency

Sular cullecturs vl almn
Solar collectors inclnation 800
Hual marzhangym sy

Hominal flow in the solas field

- Searonal Storage: B00]
Sraznnal shorage shape alin
Sessonal storage insulation

400

A= 3210 [m] Wi = 3889616 [€]  Zyypr = 229444 [Elyear]  copu = 81 [EIMWH]
V = 19260 [m’] Vo = 3043219 [€]  Zyoum = 233334 [Elyear] G = 73 [EMWH]

Fig. 1: Main window of the developed software for the analysis and evaluation of CSHPSS.

In the block on the left and top, the user can select the location for the calculation of the system, the number
of dwellings and two main design parameters of the installation: RAD, Ratio Area of solar collector per unit
of Demand, and RVA, Ratio of Volume of seasonal thermal energy storage per Area of solar collector. For
each location is required to know the following climatic data: latitude; monthly daily average horizontal
radiation; minimum, average and maximum temperatures of a typical day each month; and the European
Heating Index (Werner, 2006). Nevertheless it is possible to add user defined locations, by selecting the
option “New City” and introducing the corresponding climatic and demand data. In respect to the number of
dwellings, it is recommended to select a value between 100 and 10,000. Regarding RAD, its value usually
stays in a range between 0.1 and 5 m*(MWh/yr); and in the case of RVA, the recommended interval is 0.5
and 10 m*/m”. Each design generated can be calculated pressing the button “Calc”. Further it can be saved
and loaded for future evaluations. On the right side is shown a diagram of the CSHPSS system containing the
annual energy balance of the system as well as a chart with the monthly results for the main energy flows:
incident solar radiation Q,, solar heat collected Q., heating demand Qq, auxiliary energy required Q,; and
seasonal storage temperature T,.,. On the bottom are shown the main sizing results, i.e. the area of solar
collectors and the volume of the seasonal thermal energy storage. Furthermore is also presented an
estimation of the investment required, cost of the solar thermal energy produced and cost of the total energy
produced. Energy results are presented in MWh/year as general nomenclature. From this main window it can
be accessed to the other windows of the software: Solar Collector Field, Seasonal Storage, Heating Demand,
Economics and Life Cycle Assessment.

Results obtained for a designed system located in Zaragoza (Spain) consisting of 1000 dwellings of 100 m?
each with design ratios RAD = 0.6 m%(MWh/yr) and RVA = 6 m*/m?* are shown in Fig. 1. It can be noticed
that the seasonal storage reaches a maximum temperature of 82 °C which is lower than the maximum
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temperature permitted (90°C), indicating that the seasonal storage is oversized. Calculating with RVA = 4 the
storage reaches the maximum temperature but the obtained system has to reject part of the production in
Summer, Q, = 122 MWh/year. Following an iterative process the ratio RVA allowing to store all the summer
production without heat rejection and avoiding the oversize of the tank can be obtained.

2.2. Solar Collector Field

The features of the solar collector field can be adjusted by the user in a specific window, see Fig. 2. The
coefficients of performance of a commercial large flat plate solar collector (Arcon HT-SA 28/10) are
implemented by default in the software and are shown in this window, but specific user defined values can
be used. The solar collectors are considered by default oriented to the south (North hemisphere) and tilted
with an inclination equal to the latitude, but deviations from this orientation and inclination can be used. The
ground reflectance considered by default is 0.2. The specific heat capacity and density of the solar field fluid
and the solar field flow per area of solar collector can also be adjusted. It is considered a heat exchanger,
between the primary loop and the secondary loop feeding the seasonal storage tank, which effectiveness can
also be user defined. By default water is considered as the working fluid in the solar field with a specific
flow of 20 (kg/h)/m” and the heat exchanger effectiveness is 90%.

The monthly performance of the solar collector field is shown in a chart in which the incident solar radiation
Q,, solar heat collected Q,, solar collector field efficiency nss, and solar fraction SF, are depicted (see Fig. 2).
For the analyzed case, the solar collector field has a monthly efficiency between 70% and 35%. Note that the
efficiency of the solar collectors is lower at the end of the charging season due to the high temperature in the
seasonal storage tank.
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Fig. 2: Solar Collector field window of the developed software for the analysis and evaluation of CSHPSS.
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2.3. Seasonal Storage

The seasonal thermal energy storage considered is a hot water tank. Its volume has already been determined
with the design parameters RAD and RVA defined in the main window. More specific parameters of the
thermal energy storage are set in this window. The shape of the thermal energy storage affects to the thermal
energy transferred to the ambient. A cylindrical thermal energy storage tank is considered and the aspect of
the tank (height divided by diameter) can be selected. The minimum default seasonal storage temperature of
the CSHPSS plant connected to a low temperature district heating system is 30°C but other minimum
temperature values can be given if the designer considers different design restrictions. Similarly, the
maximum default storage temperature considered is 90°C but different maximum storage temperatures can
also be used. The seasonal thermal energy storage tank has thermal losses to the environment through the
storage envelope. A default value of the heat transfer coefficient of 0.12 W/(m”‘K) has been estimated, which
can also be adjusted by the user. Further, the substance considered by default for thermal energy storage is
water, however different substances, e.g. soil or gravel-water mixtures can be considered by implementing
the corresponding heat capacity and density of the considered substance.

On the lower part of this window (see Fig. 3) are presented the main energy flows of the seasonal thermal
energy storage: thermal losses Q), heat discharged Q,, and heat rejected when the storage tank is fully
charged Q,. It is also shown the average temperature of the water in the seasonal storage tank (temperature
stratification is not considered).
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Fig. 3: Seasonal Storage window of the developed software for the analysis and evaluation of CSHPSS.
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2.4. Heating Demand

The heating demand is calculated according to the number of dwellings, the dwelling size, and the average
consumption of thermal energy per square meter. The size of the dwelling is 100 m? but it can be adjusted by
the user as a design parameter.

The base annual space heating demand 43.2 kWh/m® (Guadalfajara et al., 2014c) is taken for new
multifamily buildings in Madrid (Spain). Space heating (SH) demand for others locations in Europe has been
obtained applying the European Heating Index (Werner, 2006). The space heating demand is distributed
monthly according to the degree-days method. Erbs et al. (1983) correlation for degree-days is used to
calculate monthly degree-days, and the user can select the base temperature. The user can modify the
distribution of the thermal energy demand by changing the selected base temperature. Typical values used
are 18 for regular buildings and 15 for efficient buildings, but other user defined values can be applied.

The consumption of thermal energy for the production of domestic hot water (DHW) depends on the size of
the community, average consumption of DHW, occupation of the houses and temperature difference between
supply water and hot water consumption temperature, 60°C. An average consumption of 30 1/(person-day)
and an occupancy of 40 m” per person are considered. Consult Guadalfajara et al. (2014c) for further details.

In the lower part of the window (see Fig. 4) are shown the monthly distribution of the domestic hot water
demand Qg puw, space heating demand Qg sy and the total heating demand Qq, as well as the average ambient
temperature.

. = Aragn [rstilute
Simple Method i of Enginsering Ressarch

Desiggn ol Central Salar Heating Plants Wilh Seasonal Storage UniversityTarigos
AT

Authors: M. Guadalfajara, M.A. Lozano, L. 5erra, J. Rodriguez

The: dameshie kot wates demand iz monthly distrib
Heating Demand standard UN 94002,

Space: Heating: The: variahle parameters are:

- F A
Areag., ‘ [m’] -Living arvea [mz/ deslang)

Thasa = ! - Domestic Hot ‘Water consumed per person by dag.
m [. ] LonCE = 30 htews/day

- Mres per person, Assuming 100 m2 per 2.5 people,
Domestic Hot Water: Uocupalwn = AU mEfpezon

DHW =@ [Liters/{person“day)] - Morithly degree-days,

Tlaze = 1% =L
Occupancy = [mz-fpnrmn]

Thermal Energy Demand (MWh) Ambient Temp.(°C)

1000 25

—s=—0Qd ———Tamb
——Qd
—=—0Qd ZH

Fig. 4: Heating Demand window of the developed software for the analysis and evaluation of CSHPSS.
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2.5. Economic evaluation

The developed software estimates the investment costs of the analyzed CSHPSS system and its operation
costs corresponding to the electricity and the auxiliary energy consumed respectively by the pumps of the
CSHPSS and by the auxiliary boilers required to cover the demand (Guadalfajara et al., 2014a). The prices of
the electricity and the auxiliary energy source for heating are input values through the user interface (see Fig.
5), as well as the efficiency of the auxiliary boilers that can be given by the user.

The parameter a included as input data in the user interface is proposed to consider the economic costs of
different technologies of thermal energy storage or the expected future price reduction associated to the
technology development (Hadorn and Chuard, 1983; Boysen and Chant, 1986; De Wit, 2007; Ellehauge and
Pedersen, 2007; Schmidt and Mangold, 2009). The value a = 1 corresponds with the experience gained in the
demonstration projects of the two last decades using a hot water tank for thermal energy storage. The
amortization factor is calculated considering an annual interest rate (i = 0.030 year™), which is an input value
to the software. The amortization costs are distributed along the equipment lifetime (25 years for the solar
collector and 50 years for the seasonal storage). The annual operation and maintenance costs are estimated as
1.5% (fope = 0.015 year) of the investment cost according to the criteria proposed by the IEA (2012).

In the example illustrating this paper (see Fig. 5) the auxiliary energy system consists of a gas boiler with an
average efficiency of 95%. Natural gas price is 58.3 €/ MWh (Spanish gas price for commercial consumers).
The price of the electricity consumed by the pumps is 166.5 €/ MWh. The software provides an estimate of
the investment costs of the solar system (with more detailed information for the main components —solar
field and thermal energy storage), as well as the total costs including separately the cost of the solar heat and
the cost of the auxiliary heat. A sensitivity analysis is also presented in a chart considering different values of
annual interest rate for the investment costs.
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Fig. 5: Economic evaluation window of the developed software for the analysis and evaluation of CSHPSS.
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2.6. Environmental assessment

There is also a specific window (see Fig. 6) providing an environmental assessment of the analyzed CSHPSS
system based on the Life Cycle Assessment (LCA) methodology (Guinée, 2002). The software provides the
greenhouse gas emissions of the system expressed in kg of CO, equivalent per MWh of heat produced and
the primary energy consumption expressed in MWh of primary energy consumed per MWh of heat
produced. In both cases the software evaluates the greenhouse gas emissions and the primary energy
consumption associated to the equipment as well as to the operation (greenhouse gas emissions and the
primary energy consumption associated to the consumption of electricity and auxiliary fuel during the
operation).

The user can provide values of CO, equivalent emissions and primary energy consumption corresponding to
the electricity and to the auxiliary fuel. By default the values implemented in the software are the Spanish
conversion factors for the electricity and natural gas corresponding to the year 2011 (IDAE, 2014). These
factors allow the evaluation of CO, equivalent emissions and the primary energy required associated to the
operation of the system. The CO, equivalent emissions of each piece of equipment has been evaluated
applying the LCA considering the IPCC 2007 method (PréConsultants, 2013) that uses the up-to-date figures
of the Intergovernmental Panel on Climate Change (IPCC, 2007). Also the primary energy consumption
associated to each piece of equipment is evaluated applying the Cumulative Energy Demand method
(Huijbregts et al., 2010).

A detailed description of the procedure applied for the environmental assessment of a CSHPSS applying the
Life Cycle Assessment technique can be found in the work of Raluy et al. (2014).

Simple Method

Design of Central Solar Heating Plants With Seascnal Storage A of Englneering Research
Authors: M. Guadalfajara, M.A. Lozane, L.M. Serra, J. Rodriguez £ UniversityZzragozs

Enviromental Costs:

Electricity: Natural Gas:

CO, Emissions = |330 [kgCO,eq/MWh] CO, Emissions = [kgCOzeq/MWh]

Primary Energy Consumption = [MWh/MWh] Primary Energy Consumption = [MVWWh/MVWh]

EPyh = 53,33
ECelec = 330

ElA ;= 14519 ElAgy, = 75554
Qr=5512 Qc = 3247 Qsolar = 3111 Qd = 5350

EC,aq=0 Csf.)lat ECoot = 10,85 Seasonal | EC,q,, = 36,61 ; ECeye = 1093

Field Storage

EPg ;= 62,76 Ql=136,2 Qaux = 2239
ax=0 ECaux = 2116

ECejec= 330

Auxiliar

Boiler

Key:
ElA: Enviromental Impact Annualized, kgCOqlyear. [

Qg = 2357
ECgas =204

EC: Enviromental Cost, kgCOqeq/MWh.
Q: Energy Flows, MWhiyear.
EP: Pump's Electric Consumption, MWhiyear.

EPgn = 53,33
l ECelec = 2,25

ElAsc= 53,14 ElAgo = 421,4

Qr=5612 ol Qc = 3247 Qsolar = 3111 Qd = 5350
olar
ECrag=0 ECeer= 0,060 Seasonal ECgiar= 0,198 District ECyye = 0,587

— a Collector = i
Field Storage Heating

Ql=1362 Qaux = 2239
Qx=0 ECqux= 1,126

EP;= 62,76
ECqjec = 2,25

Auxiliar

Boiler

Key:

ElA: Enviromental Impact Annualized, (MWhIMWh)iyear.
EC: Enviromental Cost, MWh/MV/h. Qg = 2357
Q: Energy Flows, MWhiyear. ECga5 =1,07
EP: Pump's Electric Consumption, MWhiyear.

Fig. 6: Environmental assessment window of the developed software for the analysis and evaluation of CSHPSS.
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3. Geographic analysis

For eight locations in Europe have been designed CSHPSS to cover the demand of space heating and
domestic hot water for 1000 dwellings of 100 m* with a solar fraction of 50%. The systems fulfill the critical
volume condition: accumulation of all the solar thermal energy produced in summer reaching the maximum
storage temperature but without rejecting some heat. Climatic, demand and design parameters considered in
the software as well as final results obtained are presented in Table 1. Locations with higher radiation require
a lower ratio RAD to obtain the same solar fraction. The radiation is higher and also the efficiency of the
solar collectors.

Table. 1: Climatic data, design data and results for different locations in Europe, 50% solar fraction, 1000 dwellings, 100m’

City | Radiation Qi! RAD RVA A V! Neoll Nacu Neys

| kWh/(m*-day) MWh/yri mMWh  m’/m’ m’ m’ | (%) (%) (%)
Athens ! 4.92 4564 | 0.45 5.08 2,054 104341 583% 87.0% 558%
Rome | 436 5105  0.52 485 2,655 128771 567% 877%  54.2%
Madrid | 451 58150 049 484 2849 13,791 584% 887%  56.1%
Paris | 2.82 62791 1.02 241 6405 15437 460% 88.0% 44.1%
Berlin | 287 68170 097 258 6613 17,02 46.1% 87.8%  44.1%
Riga | 271 74761 119 241 8897 21443 413% 873% 39.1%
Oslo 2.43 3084 1.39 175 11237 19,665 37.8% 868% 36.1%
Umea | 2.44 8412 1.10 1.37 9,254 12,678 419% 854%  40.5%

Oslo, Berlin and Madrid are cities in Europe with different design conditions due to climate and demand. It is
important to note that obtaining the same solar fraction requires very different sizing of the solar collector
field and the seasonal storage. In Figure 7 is depicted the area of solar collectors and the volume of seasonal
storage required to obtain a specified solar fraction with the design criteria of critical volume. Relevant
conclusions about the effect of the location on the design of these systems can be obtained from this graph.
For same size communities to obtain the same solar fraction it is required a larger area of solar collector in
cold climates than in warm climates and the volume of seasonal storage required per area of solar collector is
very different for each climate, not lineal relation between those factors.
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Fig. 7: Design parameters for different solar fraction in different climates in Europe, 1000 dwellings of 100 m”
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4. Conclusions

A software for the analysis, pre-design and performance evaluation of CSHPSS, based on a simple
calculation method developed by the authors (Guadalfajara et al., 2014a) has been presented. The
distributable program, currently as a beta version, has been built with the Engineering Equation Software
(EES, 2013). Using demand data and public climatic data that can be easily obtained, the software calculates
the annual behavior of a CSHPSS plant on a monthly basis.

The developed software consists of four sequential modules for the calculation of the annual and monthly
performance of a CSHPSS system. The Module 1 elaborates the hourly and monthly climatic and demand
data required to calculate the system performance (hourly radiation on tilted surface, hourly ambient
temperature, monthly demand...). The Module 2 calculates the monthly production of the solar field based
on the hourly incident radiation and hourly ambient temperature of a typical day for each month, and on the
storage tank temperature at the beginning of the considered month. The Module 3 calculates the monthly
values of the energy charged/discharged/accumulated in the seasonal storage tank and the auxiliary energy (if
required), as well as the final temperature of the water in the tank and the heat rejected (in case the storage
tank would be fully charged). And the Module 4 calculates the results (monthly and annual energy balance,
efficiency of solar field, and solar fraction; annual efficiency of thermal energy storage and global efficiency
of the system), estimation of the investment, operation and maintenance costs. Finally the unit economic
cost, CO, equivalent emissions and primary energy for solar heat are obtained.

A user friendly interface consisting of six windows has been built, starting from general parameters of the
system (main window) to specific considerations of each component (solar collector field, seasonal storage
and heating demand) as well as to the economic and environmental information for economic and
environmental evaluations. Through these windows the design parameters can be defined and the results are
presented with the help of several graphs and diagrams that support the evaluation of CSHPSS.

As a result, with the developed software can be, easily and quickly, obtained technical, economic and
environmental results about the system performance. The software generates an estimation of the economic
and environmental solar heat cost, as well as preliminary values of the main design parameters of the
CSHPSS system (solar field area and volume of the seasonal thermal energy storage). The design and
evaluation of CSHPSS for different cities in Europe were performed obtaining relevant conclusions about the
geographic variation of design requirements.
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