European Geothermal Congress 2022
Berlin, Germany | 17-21 October 2022

www.europeangeothermalcongress.eu

7@ | EUROPEAN
“/ GEOTHERMAL
CONGRESS

Geo-S1V: a new free tool MATLAB-based for the preliminary technical, economic and
environmental evaluation of small to medium shallow geothermal energy projects in
Catalonia based on GIS datasets

Jordi Garcia-Céspedes?, Ignasi Herms? (*) Georgina Arnd?, José Juan De Felipe?

! Departament of Mining, Industrial and ICT Engineering. Universitat Politécnica de Catalunya, Av/ Bases de
Manresa 61, E-08242 Manresa. Barcelona. Spain

2 Area de Recursos Geologics, Institut Cartografic i Geologic de Catalunya (ICGC), Parc de Montjuic s/n, 08038,
Barcelona, Spain

Corresponding author (*): ignasi.herms@icgc.cat

Keywords: shallow geothermal, borehole heat
exchanger, open-source software, MATLAB, GIS
datasets, hybrid solar-geothermal

ABSTRACT

This work describes the main features of Geo-SIV, a
new free-access calculation tool for preliminary
assessment of small-to-medium shallow geothermal
energy (SGE) projects in the territory of Catalonia. This
tool has been conceived to stimulate awareness among
the Catalan population about SGE and to boost its
associated growing market. Geo-SIV is presented as a
stand-alone application (or app). It has been coded in
MATLAB ® and compiled for WINDOWS ®. The
source code is published in the GitHub repository of the
ICGC: https://github.com/OpenlCGC/Geo-SIV. The
app is divided into two main modules: The sizing and
simulation (S&S) module, and the economic and
environmental (E&E) module.

The S&S module allows the sizing of a borehole heat
exchanger (BHE) field coupled to a ground-source heat
pump (GSHP), given a specific location, a thermal
demand pattern and a GSHP with specific nominal
capacity and performance.

In the E&E module the user can create different
comparative scenarios between the simulated GSHP
system and an alternative solution, either considering a
new building or the substitution of an existing
installation. For the alternative solution, the user is
requested to combine one or multiple renewable and/or
non-renewable technologies for heating, cooling and
domestic hot water (DHW) production. The
comparative scenario also comprises external funding
like subsidies or loans. Moreover, Geo-SIV includes a
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novel feature that allows to define climatization
installations as hybridised with solar photovoltaic (PV)
energy.

1 INTRODUCTION
1.1 Local context motivation

According to the database of shallow geothermal
energy (SGE) installations in Catalonia, there is a still
incipient deployment of this renewable technology
throughout the territory, accounted for in 42 MWt of
thermal power (installed, under construction or
projected) (ICGC, 2021). However, in the last two
years a remarkable growth rate has been experienced,
close to 20%l/year, where more than 80 % of the
installations are based on closed-loop vertical borehole
heat exchangers (BHES).
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Figure 1: Evolution of the heat power inventoried in
the Database of shallow geothermal installations of
Catalonia (source: BdIGSCat, ICGC).
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Nomenclature

COP Coefficient of performance [-]
EER Energy Efficiency ratio [-]
SPF Seasonal Performance Factor [-]

T Temperature [°C]

F Load Factor [-]

r Effective thermal resistance [mMK/W]
q Power or “Thermal load” [W]

E Energy or “Demand” [Wh]

Co Zero-order linear coefficient [-]

C1 First-order linear coefficient [W/K]
h Yearly occurrence of Text [hours]

L Total length of the BHE field [m]
OPEX Operational expenditure [€]

CAPEX  Capital expenditure [€]
EXP Expenditure [€]
CF Cash Flow [€]

Subscripts or Superscripts

ext

h

c
DHW

Exterior (refers to dry-bulb temperature)

Heating (heat pump operating mode)

Cooling (heat pump operating mode)

Domestic Hot Water (heat pump operating mode)
Design

Balance

Probe

Ground

Entering water temperature

Minimum average (between in and out) value
Maximum average (between in and out) value
Monthly

Refers to the operating mode, “h” or “c”

Refers to the type of thermal load

Refers to the SGE installation

Refers to the compared alternative installation
Refers to a year within the lifespan of the project
Refers to the number of a bin temperature where
Tj — 1°C < Tope <Tj +1°C

SGE deployment is still low if compared to other
renewable technologies in Catalonia, but it is clearly
gaining momentum. The fact is that the heat pump
market in Spain is huge, mostly due to air-to-air
systems (air-conditioning units). However, the
installation of air-to-water heat pump has experienced
a considerable growth in the previous decade, from
3259 units sold in 2010, to 32561 units in 2018. As a
comparison, 87104 air-to-air units were sold in 2018.
In contrast, less than 300 ground source heat pump
(GSHP) units were sold in the same vyear
(Witkowska A. et al. 2021). Apparently, so far Spain
has demonstrated little interest for GSHPs, which
applies also in the Catalonia. There are many reasons
for this huge gap between air-to-water and GSHPs, like
the specific clime characteristics, the predominant
building architecture or even the national regulatory
frame concerning borehole drilling. However, after all
there is still a cultural barrier that needs to be overcome.
The Catalan business ecosystem possesses a strong
background in the exploitation of the SGE resource and
its associated technologies, backed by over 20 years of
experience. Now, the moment has come to promote a
steady growth of SGE installations in the forthcoming
years. Hence Geo-SIV has been conceived to generate
a more realistic perception of SGE and its benefits
among the Catalan population.

1.2 Geo-SIV among the existing alternatives.

Most of the professionals in the SGE market are aware
of software tools that allow designers to size SGE
installations in a comprehensive manner, including also
the economic and environmental perspective. Ground
Loop Design (Thermal Dynamics, 2016), Earth Energy
Designer (Blocon, 2021) and GLHEPro (OSU, 2007)
are good examples of commercial products targeting an
audience with a high degree of knowledge about SGE.
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On the side of free tools, there are also interesting
examples. The G.POT method developed by the
Politecnico di Torino (Casasso A. and Sethi R., 2016)
is a simple methodology that permits a quantitative
evaluation of the shallow geothermal potential
depending on the location for a given borehole length.
This tool is very useful to generate contrast maps to
compare how much heat can be exchanged with the
ground (yearly heating or cooling demand) throughout
a certain territory (Arnd G. et al., 2019).

Created under the framework of the Cheap-GSHP
project (Call H2020-LCE-2014-2), a decision support
system (DSS) was built and released in the form of a
web application. It allows a fast sizing of a BHE field
and its associated GSHP (De Carli M. et al., 2019).
Although the idea is ambitious, the territorial scope is
probably too large (European scale) to guarantee
accurate results, especially when it comes to geological
data. Moreover, the level of interaction with the user is
restricted to a very limited set of parameters.

Ges-CAL is also a free application coded in Phyton and
created by the Universidad de Salamanca (Séez-
Blazquez C. et al., 2020). It shows the most similar
approach to Geo-SIV, since it allows the sizing and
economic analysis of SGE installations at a local level
(Avila province, Spain). It differs mainly on the
accessibility of the general public to the tool, the design
of the graphical user interface (GUI) and the possibility
to hybridise the SGE installation with solar
photovoltaic (PV) energy, which is one of the most
appealing and novel features of Geo-SIV.

Geo-SIV app is aimed at a wide range of users and
stakeholders, from people with a basic SGE
background, to engineers, architects or geo-technicians,
among others. Its main purpose is to increase awareness
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about SGE and GSHPs as a renewable resource and a
highly efficient technology, respectively. Although
Geo-SIV allows to perform quantitative analyses of real
scenarios, it is overall an educational tool.

2 WHATISIT WHAT CAN IT DO
2.1 What is Geo-SIV?

Geo-SIV is presented as a stand-alone application
created by MATLAB app designer ® (version R2020a)
from Mathworks Inc., and compiled for WINDOWS®
environment. It has been developed by the Geological
Resources Department from the Institut Cartografic i
Geologic de Catalunya (Garcia-Céspedes J. et al.,
2022), in collaboration with the TIC, Industrial and
Mining Engineering Department from the Universitat
Politecnica de Catalunya (UPC).

i

Figure 2: Geo-SIV loads geological data according
to the location specified by the user automatically,
prior to the size, simulation and economical and
environmental analysis of the SGE installation.

2.2 What can Geo-SIV do?

The app loads automatically climate data and thermal
properties of the ground from GIS raster layers
containing estimated basic parameters. The user can
choose between two territorial scopes. The one selected
by default covers the entire territory of Catalonia.
Alternatively, the user is able to opt for the specific
urban and peri-urban area of Girona, so an even more
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accurate geological information is provided thanks to
the experimental work carried out in the frame of the
GeoERA MUSE project (Cypaite V. et al., 2021).

Geo-SIV is conceived and designed to:

- Estimate the thermal load and the demand of
different types of building considering
simplified  geometries and  different
distribution systems, in case these values are
unknown.

- Size a specific SGE installation based on
closed-loop vertical BHEs. The app only
permits the sizing of installations limited to 70
kW, since this is the threshold beyond which a
more detailed study would be required, in
compliance with the Spanish standard UNE-
100715 (AENOR,2014). Despite the app is
valid only for locations within the limits of
Catalan territory, the methodology can be
extended to any other region if ground and
climate data are available.

- Assess the monthly and yearly performance of
the resulting SGE installation considering the
selected location.

- Perform an economical and environmental
analysis through the comparison of the upfront
costs (or CAPEX), cash-flow (CF) time-
evolution and COz-equivalent emissions of the
SGE installation and analogous alternatives
based on biomass, common fossil fuels or
aerothermal systems.

- Consider scenarios where any of the thermal
installations under comparison can be
hybridised with solar PV panels and batteries.

- Generate a final report with all the input data
and the obtained results.

3 METHODOLOGY
3.1 Models behind Geo-SIV

Geo-SIV adapts the modified bin method presented in
ASHRAE (1985) for the estimation of the thermal load
and demand of generic buildings. In this method, it is
assumed a linear dependency (see figure 3) between the
dry bulb ambient temperature and 6 different
components of the thermal load (heating and cooling),
namely:

- Transmission losses/gains

- Solar gains

- Internal latent heat losses/gains

- Internal sensible heat losses/gains
- Fresh air latent heat losses/gains.

- Fresh air sensible heat losses/gains.

Each k term of the thermal load is represented by a
linear equation:

ai(T;) = chy + i Ty (Eq- 1)

And the total thermal load is the summatory:
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a() = 4k (1) (Eq.2)
k=1

The demand is the product of the thermal load times the
occurrence (number of hours):

Ef = q'(T)K(T)) (Eq. 3)

Note that the modified bin-method only applies to
heating and cooling demands, but not to domestic hot
water (DHW), since there is no sense in considering a
linear dependence between DHW demand and T,,;.
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Figure 3: Generic plot of the linear dependence
between the thermal load and the ambient dry-bulb
temperature.

Nevertheless, Geo-SIV estimates the monthly and
yearly DHW demand based on the specified occupancy
of the building and the tap water temperature along the
year. The expression for the entire monthly demand is
considered as:

Em = Z 9" () hm(T;) = Z q°(T;) o (Ty) + ERHW

T;<T} T;>Ty
(Eq.4)

The sizing of the BHE field is based on the Kelvin’s
line-source theory adopted by the IGSHPA (Claesson
J. and Eskilson P., 1988), and is adapted to account also
for the DHW load and demand:

COP -1
( COP ) (rp + o (Fp + FDHW))
Ly =qf : : (Eq.5)
h = AnpHW Tmin _ pmin q
g — lewt
EER +1
| Crr) (3 + 1K)
LC = QC Tmax _ Tmax (Eq 6)
ewt g

Where q,‘f‘DHW is the maximum value of heating thermal
load between g and g%y, . This is especially relevant
in buildings with a high DHW demand like sport
centres.

The final length of the BHE field is automatically
chosen by Geo-SIV as the longest between
heating/DHW and cooling modes, since the design
criteria is that the resulting SGE installation must meet
the entire demand of the building.

In case that the SGE installation show a remarkable
yearly imbalance between injected and extracted heat
from the ground, the user can optionally take into
consideration possible deviations of the undisturbed
ground temperature T along the years. This correction
has been implemented by means of a simplistic model
built out of Fourier’s heat conduction law. The resulting
temperature variation AT, must be understood as an
upper limit, since no heat abstraction effects are
considered in the model.

Concerning hybridization with solar PV energy, the
Geo-SIV team has developed its own methodology.
Basically, attending to the value of T,,;, production of
thermal energy by the thermal installation and
electricity from solar panels are compared for each hour
of the year. This way, it is possible to determine how
much self-produced power is consumed instantly by the
thermal installation, which portion is injected to the
electric grid and which one is stored (if there are
batteries). The algorithm to calculate this assumes the
following priority sequence, applied hour after hour for
a whole year:

1. Self-produced power must be consumed
instantly, when possible, by the thermal
installation.

2. If there is not enough self-produced power to
meet the demand (under heating or cooling
mode), power from batteries must be used.

3. If self-produced power exceeds the demand,
the excess electricity should be used first to
produce DHW, and second, to charge the
batteries. Finally, if no more DHW can be
produced or the batteries are full (or there are
no batteries), then the excess power must be
injected to the grid. A feed-in-tariff scheme is
considered for the economic compensation of
injected power to the grid, according to the
current Spanish regulatory frame (MITECO,
2019)

Additionally, Geo-SIV will never consider the use of
electricity stored in batteries to produce DHW.

3.2 Data that feed the models

The climatic data that feeds the models are obtained
from the Spanish Ministry of Transport, Mobility and
Urban Agenda (MITMA) through the national
Technical Building Code (CTE) (MITMA, 2019).
From these sets, Geo-SIV uses hourly-resolved values
of:

- Mean dry bulb temperature (°C)

- Relative humidity (%)

- Direct and Diffuse Horizontal irradiation
(W/m?)

- Sun azimuth and zenith position (°)
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[#] Geo-SIV - ] x

Introduccio Metodologia Dades d'entrada Resultats disseny Analisi pmica i i Resultats i i emissions Resum

Dades d'entrada de la instal-lacié geotérmica Geo-SIV

1. Localitzacio del projecte. Coordenades ETRS89 / UTM zona 31N (EPSG: 25831) 4. Caracteristiques de la bomba de calor geotérmica (BCG) (Valors nominals)

— i 3 xumv| 4289600 oo
Ve Girona ciutat (arees ‘ VISSIR v3.26 (ICGC) ‘ @

Catalunya | p— scollir la meva propia BCG (Ref. #0) Eleccio automatica (base de dades:
va g urbana i periurbana) vy | 4580260.0 (e k ) ( )

Ref. Pealei. Preiri. Pacs COP

— — @ ece oW %P pw FRR pw s

2. Carrega i demanda térmica conegudes 1 350 483 314 435 321 300

25 00 2 677 472 613 438 620 305

Carrega térmica de disseny a I'hivern (calefaccio) [kK\W] Poténcia calefaccid [lkKW] 26.00

3 730 485 847 423 680 301

Demanda anual d'energia en mode calefaccio [k\Wh] 45 COoP 4 4 204 455  Te4 415 528 294
. . . = . . = 5 182 455 1070 481 1085 2904
Carrega termica de disseny a l'estiu (refrigeracio) [K'W] 19 Poténcia refrigeracio [k\W] 22 8 1548 473 1310 443 1447 306
. 5 . B . 71881 473 1640 447 1734 308

Demanda anual d'energia en mode refrigeracio [KWh)] 2 EER = Zon  ctD Enem cwm Zen anm
Carrega termica de disseny en mode produccié d'ACS [KW] 2.00 Poténcia ACS [kiW] 25 2 2544 460 2210 460 2332 205
5 q - 10 2078 4BE 2560 441 2728 303

Demanda anual d'energia per a produccid d' ACS [KWh] COPacs M 3523 485 2000 428 3230 315

3. Carrega i demanda térmica (edifici genéric) 5. Sistema de distribucio a l'interior de I'edifici

Terra radiant

Geometria planta
: GALOR Fancoils FRED @)
(®) Quadrada o Radiadors
[#] Calcular carrega | demanda térmigues genériques () Rectangular 1 ! _—
- ‘ ) 6. Disseny dels bescanviadors de calor (pous verticals de circuit tancat)
() Rectangular 2 ﬂ
Considerar correccions a |a temperatura del subsol Espaiat pous [m]
Superficie (considerant soterrani) [m2] Tipologia d'edifici
. - Profunditat preliminar dels pous Configuracio sondes
Nombre de plantes (soterrani no inclés) ) Residencial (sense soterrani) ==
Relaci6 oberturesisuperficie 80m @100 m O120m Oi40m (@) U-simple [(e1=)]

_) Residencial (amb soterrani) =
)90m O1mom (0130m

Factor guany solar (hivern) 150 m () U-doble @)

() Centre educatiu

Factor guany solar (estiu) ~ o o o - -ﬁ
) cines if i ext sondes -
Maxim nombre efectiu docupants = [ Introduccid manual de propietats del subsol @ ! ¢ )

() Hosteleria T_subsol (T no pertorbada del terreny) [°C] 8 () 32mm

Demanda ACS [Ifocupant/dia]

Temperatura de confort a Fhivern [°C] () Centre sanitari Diffusivitat trmica del terreny [mm2/s] 22
Temperatura de confort a l'estiu [°C] () Centre esportiu (sense piscina) Conductivitat térmica del terreny [W/mK] 2
| Enrere ‘ ‘ Manual Geo-SIV v1.2 | ‘ Valors per defecte ‘ | Executar ‘

Figure 4: Screenshot of the GUI showing the tab for input data for the size and simulation of the SGE installation.

(4] Gea-SIV - m] X
Introduccio Metodologia Dades d'enirada Resultats disseny Anglisi econdmica i ambiental Resultats rendibilitat i emissions Resum
' q ST L . .
Dades d'entrada per a I'analisi economica i ambiental Geo-SIV
1. Dades basiques del projecte 3. Costos de consum energétic (valors monetaris amb LV.A. inclos)
Nova instal-lacio | ) Substitucid instal-lacio existent ELECTRICITAT BIOMASSA GAS NATURAL GAS PROPA  GASOIL

Anys de vida, en cas d'instal-lacid existent Cost fix (anual) - m o N.A 20.00 |« 0.00 & N.A.
Vida estimada del projecte [anys] 15 Inflacio anual cost fix Q % N.A 2.00 (% 200 % N.A.
Taxa de descompte [%] 5.00 Cost variable - E Ehanh 25 kg 5 &kwh 80 &g .
Taxa inflacié general anual [%] 2.00 Inflacio anual cost variable Q % 2 % 0 % 0 % %

2. Dades d'entrada per a l'estudi comparatiu (valors monetaris amb LV.A. inclos) 4. Hibridacié amb energia solar fotovoltaica
GEOTERMIA ALTERNATIVA GEOTERMIA ALTERNATIVA
CALOR FRED Hibridacio amb PV |
‘ Gasoil v H Aire Condicionat v H Collectors Sol... ¥ ‘ EIEED T e 2 ] 100.0
Cost especific PV [E/kWp] 1000.00
Cost especific pous/escomesa €-‘m L Eficiéncia conversid [%]
Cost especific sistema 1500 | sikw [ 140 |enaw [ i [ 560 Eimz2 Retribucib excedents [E/kWh]
Cost manteniment (anual) [ 1o]emw [ leaw | [ 50 fim2 Autoproduccid PV [%]
Costinversid climatitzacio [€] 54534 € 3347 € 11890 € 3488 € Poténcia PV [kWp]
Costinversid TOTAL [€] 63986 € 18724 € Area panells [m2]
Instal-lacid subvencionada O O Acumulacié amb bateries
Import subvencia NG 0le Cost especific bateries [€/kWh] 1000.00
Financament amb préstec O O Eficiéncia carregaldescarrega [%]
Tram inversié amb préstec 0 % 0% Profunditat de descarrega [%]
Taxa interés préstec 4.00|% 4.00 |% Capacitat nominal [kKWh]
Periode retorn préstec 5 anys 15 | anys Cost inversio PV+Bateries [€] 9452
Observacions:
| Enrere ‘ ‘ Manual Geo-SIV v1.2 | ‘ Valors per defecte ‘ | Executar

Figure 5: Screenshot of the GUI showing the tab for input data concerning the economic and environmental
analysis. This tab activates only after a SGE installation has been performed.
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Moreover, Geo-SIV includes the values for the winter
and summer design dry bulb temperatures (T} and T¢,
respectively), and humidity, as well as the
recommended values for the thermal transmittance
[W/m2K] of building parts (windows, walls, ceilings,
etc.), also from the CTE.

Concerning geological data, Geo-SIV incorporates
different GIS raster layers generated by the ICGC:

- Interpolated values of average ground thermal
conductivity (grid resolution of 270m for
Catalonia and 10 m for Girona area).

- Interpolated values of average ground thermal
diffusivity (grid resolution of 180m for
Catalonia and 10 m for Girona area).

- Interpolated values of estimated ground
temperature at depths of 50, 100 and 150 m.
(grid resolution of 90 m for Catalonia and 10
m for Girona area).

The values used under the territorial scope of Girona
are the result of integrated 3D models and recent (2018-
2019) thermal response test (TRT) assays along with
data gathered by a network of monitored boreholes set
up by the ICGC (Cypaite V. et al., 2021).

Finally, Geo-SIV incorporates a set of assumed values
from which the most relevant are listed below:

- Geometric characteristics of the generic
buildings (height of the walls, number of
doors etc.).

- Specific fresh-air renovation rate.

- Specific gains due to appliances, illumination
or occupants.

- Nominal performance data of the internal
GSHPs incorporated by the app, as well as
those of the aerothermal heat pumps which are
used in the economic analysis and the rest of
thermal technologies.

- Conversion factors for the different energy
sources (KWh/lpetror, KWh/Kgbiomass, €tc.)

- Basic characteristics of solar PV installations
(inclination of panels, minimum space
between panels, etc.)

The app employs 125 different parameters for its
calculations. From this set, the user can edit manually
up to 86 (~70%). However, default values are provided
in most of the cases. Most of the parameters requested
by Geo-SIV concerns the economic and environmental
analysis. Here the user will be able to select between
two scenarios: a new building, or an existing
installation that is replaced by SGE. The lifespan of the
project is set as 15 years by default, although it can be
increased up to 50. In any case, replacement of the main
equipment (boilers, heat pumps) is assumed to be
requested every 15 years. PV solar installations are
considered to last for 20 years (panels and even
batteries), and the BHE field is assumed to last for at
least 50 years.
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4  DISPLAY OF RESULTS

The calculations performed by Geo-SIV can be divided
into two modules, the sizing and simulation module
(S&S), and the economic and environmental (E&E)
analysis module.

4.1  The S&S module.

The main results of the S&S module are divided into 4
blocks:

- BHE field. On the one hand, the number of
BHE and mean length are shown along with
the estimated surface area needed to construct
it, assuming a square grid. On the other hand,
it is shown the yearly heat balance of the
ground and the estimated value of AT, and the
corresponding period.

- GSHP. Here Geo-SIV shows the nominal
values of the GSHP considered in the SGE
installation.

- Fluid thermal conditions. The maximum and
minimum values of the brine (or pure water)
temperature at the BHE field, T/"%and T/\%,
are calculated by imposing the gap between
T) and Tg#* and TZy®. This actually
contributes to the iterative process leading to
the final length of the BHE field:

(12 —7°C) + (T — 10°C)

TH = : (Eq.7)
TO +10°C) + (T2 + 15°C
e - BHOOH @D

This criterion is purely empirical, although the
purpose is clear: a trade-off must be achieved
for the temperature jump between the ground
and the GSHP (see Eq.5 and 6: The largest the
the better to maximise heat exchange with the
ground and minimise BHE length, and the
shortest the better to improve GSHP operation
efficiency).

- SGE installation performance. The user can
get an idea of what would be the total
production of thermal energy and the power
consumption to achieve it. Additionally, the
seasonal performance factor (SPF) is
estimated for each mode of operation. These
values are taken as the starting point for the
economic and environmental analysis.

Finally, two pairs of plots are presented below the
results. The left plot can shift from displaying q*(T;) to
E'(T;). The right plot displays E%, shifting from
thermal energy production to power consumption.
Actually, the user will be able to distinguish between
three types of power consumption each month, since
the current Spanish regulation obliges to establish
separate tariffs depending on the hour of the day
(“peak”, “standard” and “off-peak” time bands) (see
figure 6).
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(] Geo-SIV - O X
Introduccio Metodologia Dades d'entrada Resultats disseny Anglisi econdmica i ambiental Resultats rendibilitat i emissions Resum
Resultats dimensionament de la instal-lacié geotérmica Geo-SIV
7. Camp de captacio 8. Bomba de calor. Ref. #8 (valors nominals) 10. Caracteristiques i comportament de la instal-lacio
7.1. Caracteristiques principals Nos dunitats BOG necessaries: 1~ CALOR FRED 10.1. Poténcia / Energia térmica
Poténcia tarmica [lkwi] 2390 20.50 2191 CALOR FRED
Nombre de pous geotérmics 5 COP [ EER / COPacs [WiWe] 4738 4.40 3.09 Carrega de disseny [KWi] 22.00 19.00 2.00
Longitud mitjana dels pous [m] 93 Temperatura entrada (evap.) [°C] 10.0 12.0 10.0 Poténcia instal-lada [kWt] 23.90 20.50 21.91
Superficie ccupada pel camp de captacio [m2] 180 Temperatura sortida (cond.) [°C] 450 35.0 65.0 Produccio energia [MWhi] 45.00 20.00 5.00
T_subsol (inicial) [°C] 18.1 SPFe/ SPFr / SPFacs [WhiWhe] 5.02 483 335
9. Condicions termiques de partida
7.2. Comportament térmic Clima de referéncia apl HIVERN ESTIU 10.2. Poténcia / Energia eléctrica
Balang energétic anual en el subsol [MWhi] -15.41 Temperatura ambient de disseny [°C] 1.0 31.0 Consum eléctric [MWhe] 8.96 4.14 1.49
Estimacio variacia local T_subsol a llarg termini [°C] 0.3 Duracid periode estacional [dies] 243 122 Poténcia a contractar [kiWe] 6.76
Periode d'estabilitzacio térmica del terreny [anys] 4 Temperatura liquid a pous (min. / max.) [°C] 93 303 Consum eléctric total [MWhe] 14.59
QObservacions
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Enrere | | Manual Geo-SIV vi.2 ‘ Rendibilitat projecte ‘ ‘ Generar informe

Figure 6: Screenshot of the GUI showing the tab for the display of the results concerning the size and simulation
of the SGE installation.
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Figure 7: Screenshot of the GUI showing the tab for the display of the results concerning economic and
environmental analysis of the SGE installation as compared with an alternative one.
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4.2  Results of the E&E module

The main results of the E&E module are based on the
time-evolution of the CF compared to an initial
investment. In this case, the initial investment is the
surplus CAPEX of SGE installations with respect to an
alternative installation.

Regarding the CF, it originates from the yearly savings
hypothetically a SGE installation would cause thanks to
its unsurpassed lower OPEX. Analogously, the
environmental analysis is based on the savings in CO»-
equivalent emissions caused by the superior efficiency
of SGE installations. The result of the analysis is shown
mainly as a set of economic and environmental
indicators, namely:

- Estimated savings [%0]. They are the relative
savings in the operation costs:

OPEXqy; — OPEX g,

100
OPEXq;

(Eq-9)

- Net profitability [%]. Here it is defined as the
ratio between cumulative expenditure
difference and CAPEX difference:

EXPLt — EXPJot

100 -
CAPEXgoo — CAPEX g

(Eq.10)

- Payback time [years]. It is the period of time
needed for the cumulative EXP,;; to surpass
the value of cumulative EXP,.,.

- Net Present Value (NPV) [€]. It is interpreted
as the extra benefit of the project under study
when compared with an alternative low risk
project defined by a discount rate dr:

t=n

CF|,
NPV = CAPEXgeO - CAPEXalt +Zm
t=1

(Eq.11)

- Discounted payback time [years]. It is the
period of time needed for the cumulative NPV
to achieve a positive value. This will be
always higher than the payback time, and it is
usually considered as a more restrictive
indicator of the project profitability.

- Internal return rate (IRR) [%]. It is the
value of dr that would make NPV go to zero.
Whenever IRR>dr, the project is considered
as attractive.

- COz-equivalent emissions savings. It is
provided as a relative value [%] and a yearly
absolute value [kgcozeq/year]

Apart from the main economic and environmental
indicators, Geo-SIV presents the compared power
consumption for both the SGE and the alternative
installation. This part is relevant mostly when any
installation is hybridised with PV solar energy. In the
plots it is possible to distinguish between the instantly-
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consumed self-produced power (orange), the power
consumed from batteries (yellow), the power consumed
from the grid (grey) and the excess power injected to
the grid (blue). Additional numerical indicators are
shown in parallel (see figure 7).

A final tab is presented by the user graphical interface
with a summary of the analysed project, showing the
most important input data and results. This way, the
user gets a “big picture” of the project. Besides, it is
possible to generate comprehensive reports in .txt
format, either at the S&S results tab or the E&E results
tab (figures 6 and 7, respectively). In the first case the
report only accounts for the S&S results. In the latter
case, the report includes all the results.

5 SUMMARY AND CONCLUSIONS

A new, user-friendly, free and educative tool has been
presented. Geo-SIV is open to a wide range of potential
users, who will be able to estimate the size and
performance of small-to-medium size SGE installations
based on closed-loop vertical BHEs, as well as to
analyse its economic profitability (at least in a
preliminary manner). The GUI presents a moderate
number of freedom degrees to help the user to learn
about the relevance of key aspects of SGE. The
influence of the climate, the ground properties, the type
of building or the distribution system in the
performance of a SGE installation can be easily
explored. Although the results from Geo-SIV runs
cannot be considered binding enough when it comes to
project drafting, they surely will contribute to decision-
making. The main purposes behind Geo-SIV are
closely linked to the specific context of Catalonia.
Because of its particular characteristics, the SGE
resource shows a great potential that has not been truly
tapped yet in Catalonia. Higher awareness among the
population and public bodies is expected thanks to
initiatives like this. Within the business ecosystem,
Geo-SIV must be understood as a bridge between
potential customers, installers, architects, engineers and
geo-technicians.

For more information: geotermia@icgc.cat
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