@UEE::;,ag.yzozo The BSI indicator: preventing thermal interferences between groundwater heat pump systems

P g .
Online | 4-8 May 2020 ] ) ] ] . _ _’ _ ] . _ _ g ] GGOGBH
Alejandro Garcia-Gil'*, Miguel Angel Marazuela?, Miguel Mejias Moreno?, Enric Vazquez-Suiié?, Eduardo Garrido Schneider!, and José Angel Sanchez-Navarro’ Geo-eNerG!
- 1") Instituto Geologico 1 Geological Survey of Spain (IGME), C/ Rios Rosas 23, 28003 Madrid, Spain
28 Yy Minero de Espana 2 GHS, Institute of Enviromental Assessment and Water Research (IDAEA), CSIC, Barcelona, Spain.

3 Department of Earth Sciences, University of Zaragoza (UZ), ¢/ Pedro Cerbuna 12, 50009 Zaragoza, Spain
*a.garcia@igme.es

1. INTRODUCTION 2. METHODOLOGY 3. RESULTS 4. BSI INDICATOR IN ZARAGOZA CITY

The steady increase of geothermal systems To calculate the BSI indicator, first, the A B - - ————
using groundwater is compromising the Heating-cooling ratio of the considered GWHP 1Z.r 5]
renewability of the geothermal resources in system was calculated. GWHP systems
shallow urban aquifers. The increase in the operating within the 0.00 to 0.10 Heating- _ 10 |
number of GWHP systems and the increase of Cooling ratio range were considered in a first 1000500 oS A
thermal interferences between these systems polynomial regression model (Figure A), while ; 1 g |
enforces the need for new criteria to develop those operating in a HC ratio larger than 0.10 8 O 3 5
subsurface energy policies that allow planning were considered in a second polynomial o 6. o 7l .
their spatial distribution and limiting their regression model (Figure B). To use polynomial = | = v m °
operation regimes. To ensure sustainability, regression models, the maximum seasonal m 4 m 4. S o
scientifically-based criteria are required to energy load [MWh] is required in addition to the A\ , ol N &
prevent potential thermal interferences between HC ratio. Once the polynomial regression model . PR Con Y
geothermal systems. In this context, the BSI is chosen, these two variables allow obtaining ey S S SRR % P ‘1 P A== =
management indicator (Garcia-Gil et al., 2019) has the BSI indicator automatically in a simple way 417" o IO o5 S SO S R : g5 s Z > % G
been e!pplled to gl_'ou_ndwater heat pum_p sy_s_tems (see table below). A sample spreadsheet is s e s SO ~J G,;u,;dw:,ate,. heat Pump System
to assign a quantitative value of sustainability to available as Supplementary Data in Garcia-Gil 3 ' 4 £, e _
each system, based on their intrinsic potential to et al., 2019. The BSI index calculated for every b x 10
prc_)duce thermal interference. The BSI indicator GWHP system considered in the city of héls;irg;r&ﬁgﬁmll N Heating-Cooling Ratio [ ’.‘;"ﬁ:‘r;‘:[‘oﬁﬁﬁm'] o 02 Heating-Cooling Ratio [ :
relies on the net heat balance transferred to the Zaragoza is shown in Figure C. < The BSI indicator provides a first general view of
terra_ln throughOUt the year as well _as on the * Polynomial interpolation dataset © Validation dataset (GWHPs) MATLAB(R) the potential sustainability of the Operating
maximum seasonal thermal load associated. | . systems from a quantitative perspective by

The BSI of a GWHP system represents the Polynomial regression model 1 673000 674000 675000 676000 677000 678000 679000 630000 making use of simple installation operational
thermal impact of a given operational scenario in f(x,y) = p00 + p10x + p01y + p20x> + p11xy + p02y? + A | | | | L N parameters.

a standard model considered as a reference p30x° + p21x°y + p12xy” + p03y° + p40x* + p31x’y + N D | ) o el gEz== M) ST 0 < The indicator provides a reference framework for
framewo_rk. The objective of the_BSI index is not 022x%y2 + p13xy°® + p0dy* + p50X° + paixy + p32x°y2 + o Ay T o .__G'21 T em | o S N . C o hydrogeologists and technicians in order to
to pre_dict the real t-hermal |mpe!ct ' of such 023x%° + p14xy® + pO5y’ 2 e e Lol €. L il S B Sl e e 2 Hannonize thenmal-impasts of GWHP sUstams,
scenario but to provide a quantltatwe_ value & E . T X o0 s 5|~ | P | 0 1S ) L3 e €N § This allows comparing the intrinsic potential
proportional to a potential thermal impact Coalficignts | sustainability of these systems independently of
prc_)duced In a theoretical stanleardlzed model. ROD £ Bt the hydrogeological conditions worldwide, thus
This approach allows comparing any GWHP pag sz = = providing the standardized thermal impact under
system in a simple way. sk R = = normalized conditions without performing any

The BSI indicator could provide authorities Ef? ;'?;251011 § E numerical modelling.
and techr}icians with scientific_ally_-based criteria 002 9:720E-28 »The BSI indicator applied to 23 real GWHP
to establish geothermal monitoring programs, 030 -2 790E+02 N 4 systems evidences its usefulness in the
which are critical to rr?a_untaln the |mplemen’fat|on p21 -2.888E-10 = = identification of different groups of installations
ra:nt_es and the renevyab_lllty of these .systems in the 012 > B50E.05 s < that need different management policies to
c't'?s' The | B3 < Inqicator cont_rlbutes _t° _the p03 -1.733E-40 < BSI Index [K] < prevent plausible thermal interferences.
fulfilment of the MUSE project objectives 040 1 OBAE+(0D
(https.//geoera.eu/projects/muse3/). The  MUSE 031 5 999E-09 & 00-04
project Investigates the resources and the 022 -3 60BE-24 § 04-20 §
possible conflicts of use associated with shallow 013 1 318E.38 © ‘ ' ® Work undertaken within the EU H2020 GeoERA project MUSE -
gecthncnel fenasy > SREY i Fiudpsan] urbet P04 -5.020E-54 : O 2050 | IR s ot oot
areas and delivers key geosmentlflc subsurface p50 1.108E+04 innovation program under grant agreement No 731166 under the
data to stakeholders via a user-friendly web 041 -7 408E-09 terms of GeoERA programme — ERA-NET Cofund Action.
based platform within GeoERA. MUSE will lead to 032 1.078E-23 g . 5.0-12 S
the development of management strategies 023 8 558E.38 o N
considering both efficient planning and p14 3.186E-52 = = Garcia-Gil, A. et al., 2019. Sustainability indicator for the prevention of
monitoring of environmental impacts to feed into p05 8.852E-67 potential thermal interference_.'fs bet;/een g::ungwater !;gjf
general framework strategies of cities like *x = heating-cooling ratio [-] = : r 7 r - | 426, DOLhtps:/1dol.org/10.1016/jrencne 2018.11.008
SEAP’s. y = Maximum seasonal energy loads [J] 673000 674000 675000 676000 677000 678000 679000 680000

3 3 Instituto Geologico

This project has received funding from the European Union’s Horizon 2020 research and General

MINISTERIO

_ a - x . . ‘ nline | 4-8 May 2020
._..;E: \% SIE,:EI%?BL%:?VAC|ON ‘s y M | nero d e ESp a n a G@O G n n i innovation programme under grant agreement No 731166 EG U Assembly 2 O 2 O ‘ y

GEO-ENERGY




