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Low-tem per a ture aqui fer ther mal en ergy stor age (LT-ATES) is a grow ing heat man age ment method in west ern and north ern
Eu rope, which en ables un der ground stor age of ther mal en ergy uti liz ing ground wa ter. The Pol ish Geo log i cal In sti tute – Na -
tional Re search In sti tute, in col lab o ra tion with the Min eral and En ergy Econ omy Re search In sti tute of the Pol ish Acad emy of
Sci ences and the AGH Uni ver sity of Sci ence and Tech nol ogy, jointly un der took a com pre hen sive in ves ti ga tion into the
hydrogeological po ten tial for de ploy ing LT-ATES tech nol ogy in Po land. The two-year pro ject ti tled “Pre lim i nary as sess ment
of ther mal en ergy stor age po ten tial in aqui fers in Po land”, en abled the eval u a tion of ma jor us able aqui fers based on
LT-ATES bound ary con di tions spe cific to Po land. A num ber of hy drau lic pa ram e ters were care fully as sessed, in clud ing as
most crit i cal: depth to the top of the aqui fer; po ten tial yield from a sin gle well; and ground wa ter ve loc ity. Fi nally, the to tal area
iden ti fied as suit able for LT-ATES in Po land is ~141,000 km2, rep re sent ing  ~45% of the coun try’s ter ri tory. A clas si fi ca tion of
LT-ATES po ten tial based on the es ti mated heat ing and cool ing ca pac i ties in di cated that ~19% of Po land is suit able for
large-scale ATES sys tems and an other 20% of the coun try has con di tions that may of fer high ca pac i ties but their hy drau lic
re gime is com par a tively less fa vour able.
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INTRODUCTION

The de vel op ment of aqui fer ther mal en ergy stor age (ATES) 
tech nol ogy dates back to the 1960s in China. At that time, to
pre vent land sub si dence, wa ter was in jected into aqui fers. It
was quickly no ticed that the in jected wa ter main tained a fairly
sta ble tem per a ture for many months. The tex tile in dus try
around Shang hai quickly re al ized that this method could ef fec -
tively store cold in large quan ti ties to air-con di tion their fac to ries
dur ing the sum mer sea son (Lee, 2010; Fleuchaus et al., 2018).
Early in dus trial ATES sys tems in China reached their peak de -
ploy ment in the 1970s and early 1980s, al though sys tem atic

doc u mentation of these in stal la tions re mains lim ited in the in ter -
na tional lit er a ture (Lee, 2010). 

In Eu rope, in ten sive de vel op ment of ATES tech nol ogy took
place in north west ern Eu rope and south ern Scan di na via be -
tween the sec ond half of the 1980s and the be gin ning of the
21st cen tury. By 1978, one of the ear li est dem on stra tion sys -
tems was built in Uppsala, Swe den, de signed to store so lar
heat in sum mer and re cover it for space heat ing in win ter
(Andersson et al., 2003; Lee, 2010; Lund et al., 2011; Fle -
uchaus et al., 2018).

At that time, many re search and dem on stra tion in stal la tions
were built, and over time, ever more com mer cial in stal la tions
were launched, on an in creas ingly large scale. Cur rently, it is
es ti mated that there are ~3,000 ATES in stal la tions in op er a tion
world wide, of which ~85% are lo cated in the Neth er lands and
an other 10% in Bel gium, Swe den, and Den mark (Fleuchaus et
al., 2018; Stemmle et al., 2025). 

One of the most com pel ling driv ers for fu ture ATES de vel -
op ment in Eu rope, and in Po land in par tic u lar, is the need to de -
car bon ize the heat ing sec tor, which is largely de pend ent on fos -
sil fu els. Ris ing en ergy prices, com bined with Eu ro pean Un ion
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man dates to re duce green house gas emis sions, are push ing
both policymakers and en ergy pro vid ers to ex plore re new able
and de cen tral ized heat sources. High-tem per a ture ATES (HT-
 ATES) sys tems look prom is ing as an ef fi cient and long-term so -
lu tion for stor ing ex cess heat from so lar ther mal col lec tors, in -
dus trial waste, or geo ther mal plants for later use in win ter, po -
ten tially re duc ing the de mand on fos sil fuel-based dis trict heat -
ing. In this con text, HT-ATES sys tems – de signed for stor age at 
tem per a tures >~70°C – pres ent prom is ing op por tu ni ties for
cou pling with sources of in dus trial ex cess heat, and con cen -
trated so lar ther mal and geo ther mal en ergy (Dobson et al.,
2025; Herrmann et al., 2026). How ever, HT-ATES sys tems are
very rare, with only a few known in stal la tions world wide. There -
fore, their long-term per for mance and eco nomic prof it abil ity
have not been es tab lished by a suf fi cient num ber of in stal la -
tions (Herrmann et al., 2026).

On the other hand, LT-ATES fa cil i ties with a sup ply tem per -
a ture £25°C – ac count for ~99% of the mar ket (Fleuchaus et al., 
2018; Schüppler et al., 2019). This pre dom i nance is pri mar ily
at trib ut able to the greater ac ces si bil ity of suit able aqui fers, sub -
stan tially lower cap i tal in vest ment and a short pay back pe riod,
which is usu ally be tween 2 and 10 years, and 7 years on av er -
age (Fleuchaus et al., 2018; Schüppler et al., 2019).

Low-tem per a ture ATES sys tems are well-suited for a broad
spec trum of large-scale build ings with sea sonal heat ing and
cool ing de mand. Such bidirectional ex change of ther mal en -
ergy en ables the set ting up of a tem per a ture gra di ent be tween
wells lo cated in the warm and cool zones, thereby max i miz ing
the uti li za tion of the tech nol ogy and short en ing the pay back
time. Typ i cal end-us ers in clude pub lic build ings (e.g., uni ver si -
ties, hos pi tals, air ports, mu se ums), com mer cial build ings (such
as shop ping cen tres, of fice com plexes, and ho tels), as well as
in dus trial and ag ri cul tural ap pli ca tions (e.g., green houses, data
cen tres) equipped with low-tem per a ture heat ing sys tems (Mie -
cznik, 2016; Fleuchaus et al., 2018). Among un der ground ther -
mal en ergy stor age (UTES) tech nol o gies, ATES sys tems of fer
the larg est stor age ca pac i ties, both in terms of wa ter vol ume
and en ergy con tent. No ta bly, some LT-ATES in stal la tions in
Eu rope achieve ca pac i ties ex ceed ing 20,000 MWh, while the
larg est ex ist ing high-tem per a ture PTES (Pit Ther mal En ergy
Stor age) sys tem in Vojens (Den mark) has a ther mal ca pac ity
<15,000 MWh (Herrmann et al., 2026). These ex pe ri ences un -
der score the po ten tial for Po land to adapt and im ple ment
ATES, draw ing on les sons from ma ture Eu ro pean mar kets
while tai lor ing so lu tions to lo cal hydrogeological and cli ma tic
con di tions.

In Po land, the de vel op ment of ATES re mains at an early
stage, de spite the coun try’s fa vour able con di tions for sea sonal
ther mal en ergy stor age, as de scribed by Bloemendal et al.
(2015) in their global-scale as sess ment. Po land’s cli mate pro -
file, char ac ter ized by cold win ters and warm sum mers, cre ates
a cer tain equi lib rium be tween strong nat u ral de mand for heat -
ing and for cool ing, align ing well with the fun da men tal prin ci ples 
of ATES. Ad di tion ally, the pres ence of ex ten sive sed i men tary
bas ins, par tic u larly in cen tral and north ern re gions, sug gests
sig nif i cant hydrogeological po ten tial for aqui fer-based stor age
(Miecznik and Skrzypczak, 2019). There fore, build ing on ex ten -
sive hydrogeological re search, en vi ron men tal mod el ling, and
sys tem in te gra tion, ATES pres ents a prom is ing op tion for con -
trib ut ing to cli mate ob jec tives while of fer ing re li able and scal -
able heat ing and cool ing so lu tions. Un for tu nately, de spite these 
ad van tages, ATES tech nol ogy has not yet been adopted on the 
Pol ish heat ing mar ket.

Fi nan cial sup port from do mes tic sources – pri mar ily the Na -
tional Fund for En vi ron men tal Pro tec tion and Wa ter Man age -
ment (NFOŒiGW) – has sig nif i cantly con trib uted to a better as -
sess ment of geo ther mal re sources in Po land by fi nanc ing nu -
mer ous deep drill ing pro jects (Dziadzio et al., 2021; Soko³owski
et al., 2025). Com ple men tary fund ing from EU pro grams (e.g.,
Ho ri zon Eu rope, the Co he sion Fund) and the EEA and Nor we -
gian Fi nan cial Mech a nisms has fur ther ac cel er ated the de vel -
op ment of geo ther mal heat ing and ini ti ated fur ther re search.
These in stru ments could be ex tended to sup port the de vel op -
ment of ATES in Po land by fi nanc ing fea si bil ity stud ies and pi lot
pro jects. The Pol ish Geo log i cal In sti tute – Na tional Re search
In sti tute (PGI-NRI), along with other Pol ish uni ver si ties, in clud -
ing AGH Uni ver sity of Kraków, as well as sci en tific in sti tu tions
such as  the Min eral and En ergy Econ omy Re search In sti tute of 
the Pol ish Acad emy of Sci ences (MEERI PAS), is in creas ingly
ac tive in en ergy tran si tion re search and could play a cen tral role 
in adapt ing ATES mod els to lo cal geo log i cal and cli ma tic con di -
tions and over all tech ni cal con cerns. None the less, to ef fec tively 
trans late the in creas ing avail abil ity of fi nan cial sup port into the
suc cess ful de ploy ment of ATES sys tems, it is es sen tial to first
ad dress the tech ni cal and le gal con straints.

The sig nif i cant chal lenge lies in aqui fer char ac ter iza tion.
Po land’s pub licly ac ces si ble hydrogeological map ping sys tem
is not tai lored for ATES fea si bil ity. While geo ther mal re source
map ping is rel a tively well-de vel oped, it does not pro vide suf fi -
cient data on hy drau lic con duc tiv ity, po ros ity, and ground wa ter
flow char ac ter is tics, all of which are crit i cal for suc cess ful ATES
sys tem de sign. This knowl edge gap makes it dif fi cult to iden tify
vi a ble sites and ham pers the de vel op ment of risk as sess ment
pro to cols. To change the sit u a tion, in years 2023–2024 three of
the sci en tific in sti tu tions noted above un der took ex ten sive study 
of avail able data on ground wa ter in Po land to as sess the ac tual
po ten tial for aqui fer use as stor age for ther mal en ergy, both
heat and cold. The re sult – a map of low-tem per a ture ATES po -
ten tial – has been pub lished, show ing at the coun try scale
where hydrogeological con di tions are fa vour able for ATES im -
ple men ta tion. This means that at least one of the aqui fers pres -
ent down to 200 m of depth meets the bound ary con di tions,
which make pos si ble to store and de liver en ergy for heat ing and 
cool ing de mand in Po land’s cli ma tic zone. This area is fur ther
clas si fied rel a tive to the amount of en ergy that can be ob tained
from one dou blet-well pro vid ing a low tem per a ture dif fer ence of
4K. The map, avail able on https://geologia.pgi.gov.pl/ma -
py/? pa ge=Podziemne-magazynowanie con tains ap prox i mate
data of hydrogeological pa ram e ters of ma jor us able aqui fers
suit able for ATES in stal la tions, such as depth, thick ness, trans -
missivity, sin gle well dis charge rate, hy drau lic con duc tiv ity,
groun d wa ter flow ve loc ity and as sumed ef fec tive po ros ity used
in flow cal cu la tions. Ad di tion ally, the to tal num ber of iden ti fied
aqui fers down to 200 m is also pro vided. These val ues can not
be ap plied at the scale of in di vid ual in stal la tion, the proper plan -
ning of which will al ways re quire de tailed site in ves ti ga tion.
How ever, the pro ject out comes should pave the way for fur ther
ATES de vel op ment in Po land. Es pe cially so, since the pro ject
also in cluded in ten sive le gal sys tem re view with re gard to ATES 
ap pli ca tions in us able ground wa ter lay ers. Many gaps were
iden ti fied, and pro pos als for changes and amend ments were
pre sented to the Pol ish Min is try of Cli mate and En vi ron ment.

There fore, to ini ti ate the de vel op ment of un der ground ther -
mal en ergy stor age, par tic u larly low-tem per a ture ATES, Po land 
must be gin im ple ment ing the long-term strat egy out lined by the
Min is try of Cli mate and En vi ron ment in the na tional roadmap for 
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geo ther mal de vel op ment, pub lished in late 2021 (Min is try of
Cli mate and En vi ron ment, 20211). This should lead to the es -
tab lish ment of a reg u la tory frame work that sup ports un der -
ground ther mal en ergy stor age and in vest ments in hydro -
geological sur veys and dig i tal aqui fer da ta bases. It should also
incentivize early-stage ATES dem on stra tion pro jects and align
ATES de vel op ment with the ob jec tives of the Clean Air
Programme and the Na tional En ergy and Cli mate Plan. With its
nat u ral ad van tages and grow ing in sti tu tional in ter est, Po land
has the po ten tial to be come a re gional leader in ATES, but only
when the ap pro pri ate le gal, fi nan cial and tech ni cal path ways
are es tab lished.

This study pres ents a first com pre hen sive, coun try-scale
anal y sis of re gional hydrogeological data to as sess the po ten -
tial for low-tem per a ture aqui fer ther mal en ergy stor age (LT-
 ATES) in Po land. By in te grat ing pub licly avail able ground wa ter
datasets with en ergy-based per for mance cri te ria adapted to
Po land’s cli ma tic con di tions, it pro vides a frame work for iden ti -
fy ing ar eas suit able for sea sonal heat and cold stor age. Un like
pre vi ous as sess ments that fo cused on a lim ited cri te rion, this
work em pha sizes hy drau lic and stor age pa ram e ters crit i cal for
LT-ATES sys tem de sign and op er a tion. The re sults of fer a new
sci en tific and plan ning ref er ence for Po land, sup port ing the de -
vel op ment of pi lot pro jects, reg u la tory frame works, and ev i -
dence-based en ergy pol icy.

METHODOLOGICAL APPROACH FOR NATIONAL
SCALE ASSESSMENT OF SUITABLE AQUIFERS

FOR THE DEVELOPMENT OF LT-ATES
SYSTEMS IN POLAND

Po land’s coun try wide LT-ATES po ten tial study was con -
ducted in 2023–2024, though the prep a ra tions for it had started
al ready in 2018. In creas ing de mand for space cool ing, and a
rea son ably good bal ance be tween heat ing and cool ing be -
cause of the cli mate in Po land, al lowed an as sump tion that the
tech nol ogy of sea sonal stor age of heat and cold in aqui fers
might sig nif i cantly raise the ef fi ciency of ground source heat
pumps (GSHP). That is why it was so im por tant to in ves ti gate
whether, and if so where, fresh ground wa ter lay ers, his tor i cally
con sid ered only as wa ter sup ply sources, could also be suit able 
for ther mal en ergy stor age. The pro ject, or dered by the Min is try
of Cli mate and En vi ron ment and funded by the NFOŒiGW, was
ti tled “Pre lim i nary as sess ment of the pos si bil ity of stor ing ther -
mal en ergy in aqui fers in Po land (ATES)”.

As the re search con cerned fresh wa ter aqui fers with their
tops sit u ated at a depth of no >200 m, the nat u ral hy dro log i cal
con di tions were ex am ined mostly for low tem per a ture en ergy
stor age (LT-ATES). One of the main goals was to as sess the
po ten tial of shal low aqui fers in Po land for ther mal en ergy stor -
age. There fore, it was nec es sary to ver ify as sess ments made
by Bloemendal et al. (2015) and Miecznik and Skrzypczak
(2019), but at a much higher spa tial res o lu tion.

In Po land, most shal low ground wa ter-bear ing lay ers in
post- gla cial sand and gravel de pos its are po rous. They are
abun dant in north ern and cen tral Po land and are used as drink -
ing wa ter sup ply sources. These lay ers are at var i ous depths,

have di verse thick ness and hy drau lic con duc tiv ity, and can be
con fined or un con fined. Their lithological com po si tion and che -
m i cal char ac ter is tics are in flu enced by lo cal geo log i cal con di -
tions and, in some cases, by anthropogenic im pacts. The wid -
est range of data avail able are al ways from a ma jor us able aqui -
fer; in for ma tion on the oth ers is frag mented and gen er ally
scarce coun try wide. Fis sured and karst aqui fers were ex cluded
as po ten tial can di dates for en ergy stor age due to the phys i cal
pro cesses oc cur ring within them, which make heat re ten tion
less ef fec tive com pared to po rous aqui fers, as dem on strated by 
Guglielmetti et al. (2021).

The as sess ment of the nat u ral po ten tial for ther mal en ergy
stor age in aqui fers in Po land pro ceeded based on ex ist ing geo -
log i cal and hydrogeological data avail able at the na tional scale.
The prin ci pal sources of in for ma tion were the con tin u ous da ta -
base of the Hydrogeological Map of Po land at a scale of
1:50,000 – Ma jor Us able Aqui fer (MHP GUPW) and the Hydro -
geological Map of Po land at a scale of 1:50,000 – First Aqui fer – 
Oc cur rence and Hy dro dy nam ics (MHP PPW-WH). Sup ple -
men tary data were ob tained from the Cen tral Hydro geological
Data Bank – Bank Hy dro (abrev. in Pol ish CBDH-BH). These
ab bre vi a tions, re sult ing from the short en ing of Pol ish names of
hydrogeological da ta bases, are used through out the ar ti cle.

The anal y sis fo cused on the pa ram e ters of the ma jor us able 
aqui fer oc cur ring down to 200 m, iden ti fied as the most prom is -
ing in the con text of ef fec tive ther mal en ergy stor age. In ac cor -
dance with the In struc tions for the De vel op ment and Dig i tal Edi -
tion of the Hydrogeological Map of Po land at a scale of 1:50,000 
(Instrukcja…,1999), the ma jor us able aqui fer is de fined as the
first aqui fer ho ri zon from the land sur face, con sti tut ing the prin -
ci pal source of wa ter sup ply of dom i nant range and ca pac ity. In
ad di tion, the num ber of sup ple men tary us able aqui fers, which
could serve to sup port the sys tem, was de ter mined for in di vid -
ual geo log i cal pro files.

De lin ea tion of ar eas with ATES po ten tial pro ceeded based
on a set of bound ary pa ram e ters rel e vant to Po land’s ground -
wa ter lay ers and avail able in data re pos i to ries for the whole
coun try. The bound ary con di tion val ues were adopted based in
part on a lit er a ture re view of ATES sys tems in Eu rope, which
pro vides rec om mended ranges, par tic u larly for pa ram e ters
such as aqui fer transmissivity and ground wa ter flow ve loc ity
(Lee, 2013; Bloemendal and Hartog, 2018; Noethen et al.,
2025). These con di tions are given in Ta ble 1, while the com -
plete workflow and data used for as sess ing the ATES po ten tial
in Po land is shown in Fig ure 1.

The eval u a tion of the po ten tial for aqui fer ther mal en ergy
stor age in Pol ish con di tions was con ducted based on three
hydrogeological pa ram e ters:

– po ten tial yield of a sin gle bore hole, rep re sent ing the ca pac -
ity to ex tract ground wa ter as an en ergy car rier,

– ac tual ground wa ter flow ve loc ity within the aqui fer, as a nat -
u ral hy dro dy namic fac tor to which the de sign of a given stor -
age sys tem must be adapted,

– depth of the aqui fer, which de ter mines for mal, le gal and
eco nomic as pects of sys tem con struc tion, in par tic u lar, drill -
ing re quire ments.

Data on po ten tial well yields and Ma jor Us able Aqufer
(GUPW) depth was de rived from ex ist ing da ta bases and had
al ready been pre pared dur ing de lin ea tion of the ATES po ten tial
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area, as de scribed above. The num ber of aqui fer ho ri zons in
the geo log i cal pro file down to 200 m b.g.l. in the de lin eated area 
was de ter mined based on the hydrogeological unit de scrip tions
in the Hydrogeological Map of Po land (MHP) 1:50,000 da ta -
base and bore hole pro files from the CBDH–BH. As noted
above, the pres ence of aqui fers in the geo log i cal pro file ad di -
tional to the ma jor us able aqui fer, which could help sup port the

sys tem (e.g., for backup pur poses, in creas ing ca pac ity, or, un -
der fa vour able hydrochemical con di tions, serve as an ad di -
tional in jec tion res er voir) is con sid ered ben e fi cial as re gards
aqui fer stor age sys tems. Ex ist ing na tional ground wa ter re -
source da ta bases do not con tain in for ma tion on ac tual ground -
wa ter flow ve loc i ties in aqui fers. Such val ues are usu ally cal cu -
lated lo cally, e.g., dur ing well con struc tion or con tam i nant mi -
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T a  b l e  1

Bound ary con di tions for ATES adopted for ground wa ter in Po land

 Min. aqui fer 
thick ness

Min. depth to 
aqui fer top

Min. aqui fer
transmissivity

Min. yield from
a sin gle well 

Aqui fer type
Min. num ber 
of aqui fers

[m] [m b.g.l.] [m2/d] [m3/h] – –

10 10 100 10
po rous, both con fined

and un con fined
1

Fig. 1. Workflow and da ta bases used for as sess ing ATES po ten tial in Po land



gra tion stud ies. For the pres ent study, how ever, re gional es ti -
mates were re quired for the en tire ATES po ten tial area. There -
fore, ap prox i mate ground wa ter flow ve loc i ties were cal cu lated
on the ba sis of av er aged hy drau lic con duc tiv ity val ues de ter -
mined for the GUPW in each hydrogeological unit of the MHP,
com bined with hy drau lic gra di ents de rived from GUPW ground -
wa ter ta ble el e va tions. Since the MHP pro vides only a lin ear
rep re sen ta tion of ground wa ter lev els in the form of piezometric
wa ter level con tours, these con tours were used to gen er ate in -
for ma tion on hy drau lic gra di ents within the GUPW in ar eas that
sat isfy the bound ary con di tions for ATES po ten tial.

Be cause the in put layer had a lin ear to pol ogy, it was con -
verted into a point to pol ogy, where nodes in her ited the piezo -
metric wa ter level at trib ute. From these points, a con tin u ous
sur face layer was gen er ated us ing in ter po la tion (kriging) in
Surfer soft ware. The in ter po lated grid (500 × 500 m nodes) was
then ex ported as point data: X, Y, H, where X and Y were PL
1992 co or di nate sys tem val ues (EPSG 2180) and H rep re -
sented the GUPW ground wa ter el e va tion.

The re sult ing point layer (X, Y, H) was im ported into QGIS
soft ware, where the “slope” al go rithm was ap plied to cal cu late
the slope an gle of the sur face de fined by X, Y, H. This pro duced 
a ras ter layer with the at trib ute “hy drau lic gra di ent in ma jor us -
able aqui fer”, ex pressed in per cent and as signed to each pixel
(Fig. 2). These val ues were then ag gre gated spa tially and as -
signed to a gen er ated reg u lar hex ag o nal grid with a dis tance of
1000 m be tween op po site hexa gon sides cov er ing the en tire
ATES po ten tial area. Each hexa gon re ceived an av er age slope
value from the pix els it con tained.

The ac tual ground wa ter flow ve loc ity shown in Fig ure 3 was
cal cu lated by mul ti ply ing the hy drau lic gra di ent (in unitless
form) by the hy drau lic con duc tiv ity value, which was spa tially
ag gre gated in the same man ner as the gra di ent, and di vided by
ef fec tive po ros ity val ues adopted af ter Busch and Luckner (in
Pleczyñski, 1981) for the hy drau lic con duc tiv ity ranges given in
Ta ble 2.

The as sess ment of LT-ATES po ten tial across Po land was
con ducted ex clu sively based on hydrogeological pa ram e ters.
The pri mary ob jec tive was to de lin eate ar eas ca pa ble of sup -
port ing large-scale LT-ATES sys tems, typ i cally de liv er ing sev -
eral to over a ten mega watts of ther mal ca pac ity, con tin gent
upon the fea si bil ity of drill ing a suf fi cient num ber of wells. At the
same time, ar eas with more con strained hydrogeological con di -
tions – char ac ter ized mainly by lower an tic i pated yields per well
– were iden ti fied as more suit able for small-scale in stal la tions.
Ad di tion ally, a third class was de fined for zones where the in ter -
play of the 3 key pa ram e ters listed in Ta ble 3 did not clearly fa -
vour ei ther large- or small-scale in stal la tions. As a re sult, fol low -
ing three classes of aqui fer suit abil ity were es tab lished:

– Class 1 – for sys tems up to 175 kW per dou blet, where es ti -
mated yield per well is £30 m3/h;

– Class 2 – for sys tems above 500 kW, where es ti mated yield
per well is ³30 m3/h and the hy drau lic re gime al lows the drill -
ing sev eral dou blets. There fore, two or three dou blets may
be re quired to ob tain such ther mal power;

– Class 3 – a tran si tion be tween Class 1 and Class 2 with
mixed con di tions.
The heat ing power of an LT-ATES in stal la tion used in the

above clas si fi ca tion was cal cu lated us ing the fol low ing equa tion:

P Q c T
COP

COP
ATES W

h

h

= × × ×
-

D
1

where: Q – is the yield from a sin gle well-ex pressed in m3/s,  cw – is

the vol u met ric heat ca pac ity of wa ter and LT – is the tem per a ture

dif fer ence of wa ter be tween the warm and cold well, COPh – heat

pump co ef fi cient of per for mance (in a heat ing mode).

For clas si fi ca tion pur poses, the fol low ing val ues were used:
– Q – as in Ta ble 3, but re cal cu lated to m3/s;

– c
J

K
w = ×

×
418 106

3
.

m
;

– LT = 4 K;
–  COPh = 5.5, unitless.

The con ser va tive as sump tion of a tem per a ture dif fer ence
LT of 4 K war rants clar i fi ca tion. This value is con sid er ably lower 
than the typ i cal LT ob served in cy clic LT-ATES sys tems, where 
the tem per a ture dif fer ence be tween warm and cold wells com -
monly ex ceeds 10°C (Herrmann et al., 2026). In our study, the
adopted LT re flects the min i mum ther mal gra di ent ex pected
be tween pro duc tion and in jec tion wells in open-loop or uni di rec -
tional ATES con fig u ra tions, as de scribed by Silvestri et al.
(2025). These op er a tional modes are par tic u larly ad van ta -
geous un der con di tions of el e vated ground wa ter flow ve loc ity –
typ i cally greater than 100 m per year – which can lead to in -
creased ther mal dis per sion and re duced heat re cov ery. Con se -
quently, the lower LT as sump tion aligns with re al is tic per for -
mance ex pec ta tions in dy namic hydrogeological en vi ron ments
where cy clic stor age may be less ef fec tive.

The co ef fi cient of per for mance of a heat pump can be es ti -
mated us ing the Lorenz cy cle ap proach (Jensen et al., 2018;
Walden and Padullés, 2024). As sum ing a heat source within
the tem per a ture range of 13–20°C – rep re sent ing ground wa ter
stored in the “warm” wells of an ATES sys tem, a ground wa ter
tem per a ture dif fer ence be tween warm and cold wells of  LT = 4
K, and a heat sink (heated ob ject) char ac ter ized by sup ply and
re turn tem per a tures of 40 and 30°C, re spec tively, to gether with
a pinch-point tem per a ture dif fer ence in both the evap o ra tor and
con denser of LT = 3 K, and a Lorenz ef fi ciency of hLorenz = 0.5,
the re sult ing COPh is ex pected to range be tween 5.2 and 6.8,
with higher val ues cor re spond ing to higher ground wa ter tem -
per a tures. If the tem per a ture dif fer ence be tween the warm and
cold wells in creases to LT = 8 K, COPh de creases to ~4.9–6.2.
To main tain meth od olog i cal trans par ency while en sur ing ac -
ces si bil ity for read ers of a geo log i cal jour nal, a fixed COPh

value of 5.5 was adopted.

RESULTS

The GIS-based anal y sis on a fine grid, con sist ing of 162,
786 uni form hexa gons, al lowed for the des ig na tion of ar eas
meet ing the bound ary con di tions listed in Ta ble 1. It was found
that ATES sys tems of var i ous ca pac ity can be im ple mented in
an area of nearly 141,100 km2, which con sti tutes 45.1% of the
area of Po land. The GIS anal y sis was con ducted us ing eight
pa ram e ters, each rep re sented as a sep a rate layer, with val ues
con strained by the bound ary con di tions de fined. These pa ram -
e ters were then di vided into in ter vals (from 3 to 7 in ter vals, de -
pend ing on the pa ram e ter) to il lus trate their spa tial vari a tion.
Sta tis ti cal anal y sis show ing the spa tial oc cur rence of aqui fers of 
given hydrogeological char ac ter is tics is sum ma rized in Ta ble 4
and Fig ure 4. Then, based on the four pre vi ously de ter mined
pa ram e ters – depth to the top of the ma jor us able aqui fer,
ground wa ter flow ve loc ity, po ten tial well yield, and num ber of
aqui fers – these ar eas were clas si fied ac cord ing to their en ergy
po ten tial. 

Ad di tion ally, the spa tial dis tri bu tion of six base hydro geo -
logical pa ram e ters used in this study, namely:

– depth to the top of the ma jor us able aqui fer,
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– thick ness of ma jor us able aqui fer,
– transmissivity of ma jor us able aqui fer,
– es ti mated yield from a sin gle well tap ping a ma jor us able

aqui fer, 
– hy drau lic con duc tiv ity of ma jor us able aqui fer,
– num ber of aqui fers in geo log i cal pro file down to 200 m

b.g.l.,
is shown on in di vid ual maps in Ap pen dix 1.
The fol low ing de scrip tion pro vides a sum mary of each pa -

ram e ter.
Depth to the top of the ma jor us able aqui fer: a great ma -

jor ity (~84%) of ma jor us able aqui fers, iden ti fied as suit able for
ATES sys tems, have their tops be tween 50 and 100 m b.g.l.
This cor re sponds to 118,402 km2 or al most 38% of the ter ri tory
of Po land. This find ing is par tic u larly fa vour able in light of the
ad di tional reg u la tory re quire ments ap pli ca ble to drill ing op er a -
tions ex ceed ing depths of 100 m. The rest of the ma jor us able
aqui fers have their tops be tween 100 and 200 m (9.1% of the
to tal iden ti fied ATES area), fol lowed by a depth in ter val from 10
to 50 m (7%).

Num ber of aqui fers: ~40% of the area suit able for ATES
sys tems con tains a sin gle aqui fer, with a lim i ta tion that the top
of any wa ter-bear ing layer is lo cated no deeper than 200 m
b.g.l. In an other 54% of cases, two aqui fers are pres ent, while

three or four aqui fers were iden ti fied in the re main ing 6% of the
ATES-suit able area.

Aqui fer thick ness: ~82% of iden ti fied aqui fers have a
thick ness not ex ceed ing 40 m. There is no vis i ble trend in the
geo graph ical dis tri bu tion of this pa ram e ter.

Aqui fer transmissivity: Noethen et al. (2025), in their
study ded i cated to iden ti fy ing ATES key lo ca tions for hos pi tals
in Lower Sax ony, Ger many, de cided to set the thresh old value
for transmissivity at 20 m2/h (480 m2/d), which al lows sep a rat ing 
un fa vour able from good transmissivity. In the case of our study,
only around 18.7% of the iden ti fied ATES-suit able area meets
this cri te rion (~26,300 km2); how ever, in our opin ion, such a
thresh old value is too re stric tive, ex clud ing the pos si bil ity of in -
stall ing smaller-scale ATES sys tems. 

Sin gle well po ten tial yield: high-ca pac ity wells (>50 m3/h)
can be drilled in nearly 50% of the ar eas iden ti fied; how ever, no
dis tinct spa tial dis tri bu tion pat tern is ob served.

Hy drau lic con duc tiv ity: ~99.5% of the iden ti fied aqui fers
have es ti mated hy drau lic con duc tiv ity in the range from 0.8 to
70 m/d with a mean value of 17.9 m/d.

Hy drau lic gra di ent: hy drau lic gra di ents >1% are mainly
as so ci ated with drain age zones in river val leys, but can also be
ob served in the Kashubian Lake Dis trict and in the north west -
ern part of Po land.

6 Monika Konieczyñska et al. / Geological Quarterly, 2025, 69, 68

Fig. 2. Es ti ma tion of the hy drau lic gra di ent in ma jor us able aqui fers 
in ar eas pro spec tive for ATES de vel op ment
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Ground wa ter ve loc ity: low ground wa ter ve loc ity is con sid -
ered fa vour able for ef fi cient ATES in stal la tions. In their re cent
study, Noethen et al. (2025) pro posed a thresh old of 0.05 m/d
(18.25 m/yr) to de fine such op ti mal con di tions, while ve loc i ties
rang ing from 0.05 to 0.5 m/d (182.5 m/yr) were clas si fied as
mod er ate. In our anal y sis for Po land, ground wa ter ve loc ity be -
low 200 m/yr in the ma jor us able aqui fer is es ti mated to oc cur at
over 85% of the area suit able for ATES in stal la tions.

As an tic i pated, the spa tial dis tri bu tion of ATES classes
within the aqui fers ana lysed showed a het er o ge neous, mo -
saic-like pat tern (Fig. 5). This re flects the in her ent vari abil ity in
hydrogeological con di tions across Po land. 

Aqui fers clas si fied as Class 1 are char ac ter ized by rel a tively 
low well yields (= 30 m3/h), slow to mod er ate nat u ral ground wa -
ter flow, and shal low depths not ex ceed ing 100 m. These aqui -
fers cover ~21,438 km2, which ac counts for 15.2% of the to tal
area iden ti fied as hav ing LT-ATES po ten tial in Po land. This
also cor re sponds to 7.0% of the coun try’s in land ter ri tory. Due
to their lim ited hy drau lic per for mance, Class 1 aqui fers are
more suit able for the de vel op ment of LT-ATES sys tems with
rel a tively small ther mal stor age ca pac i ties.

Aqui fers be long ing to Class 2 are lo cated in re gions with
higher well yields and faster nat u ral ground wa ter flow: con di -
tions that are fa vour able for the de vel op ment of larger-ca pac ity
LT-ATES sys tems. In such set tings, high ex trac tion and in jec -
tion rates can lo cally mod ify the hy drau lic re gime, po ten tially
sup press ing con vec tive heat losses and en hanc ing ther mal
stor age ef fi ciency. These aqui fers span nearly 58,000 km2, rep -
re sent ing over 41% of the to tal area iden ti fied as suit able for
ATES de ploy ment in Po land. This cov er age also cor re sponds
to ~18.9% of the coun try’s ter ri tory.
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T a  b l e  2

Ef fec tive po ros ity adopted ac cord ing to hy drau lic 
con duc tiv ity

Hy drau lic con duc tiv ity
range [m/d]

Adopted ef fec tive po ros ity
[–]

0.1–0.8 0.05

0.9–10.0 0.10

10.1–26.0 0.15

26.1–70.0 0.20

70.1–200.0 0.23

>200.0 0.25

Fig. 3. Cal cu lated ground wa ter flow ve loc ity in ma jor us able aqui fers 
in ar eas pro spec tive for ATES de vel op ment

https://doi.org/10.1016/j.geothermics.2025.103334


Aqui fers as signed to Class 3 ex hibit highly vari able hydro -
geological con di tions and have been cat e go rized as ar eas
where LT-ATES stor age po ten tial is strongly de pend ent on
site-spe cific de sign pa ram e ters. Key fac tors in flu enc ing fea si -
bil ity in clude the num ber of wells, their spac ing, as well as the
tech no log i cal con fig u ra tion adopted by the heat ing and cool ing
end-user. These mixed con di tions were found to be the most
wide spread in Po land (though closely fol lowed by Class 2 –
large in stal la tions), cov er ing ~61,600 km2. This rep re sents
43.7% of the to tal area iden ti fied as suit able for LT-ATES de -
ploy ment across the coun try.

DISCUSSION

Our as sess ment of the suit abil ity of shal low ground wa ter
aqui fers for stor ing low-tem per a ture heat and cold was based
pri mar ily on the se rial MHP at a scale of 1:50,000, which pro -
vides a broader in ter pre ta tion of the MHP GUPW, the most im -
por tant source of wa ter sup ply, as well as the First Aqui fer
Level (MHP PPW). The MHP was de vel oped be tween 1996
and 2004 and con sists of 1,069 sheets. How ever, in 1999, an
up date to the “In struc tions for the De vel op ment and Com puter 
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T a  b l e  3

Classes used for eval u a tion of ATES po ten tial in Po land

ATES po ten tial class  

Depth of aqui fer 
top

Sin gle well
 po ten tial yield  

Nat u ral ground wa ter
flow ve loc ity Num ber of aqui fers 

 m b.g.l.  m3/h m/yr 
1 – only one aqui fer

2 – more than one aqui fer

1 – for sys tems up to 175 kW   10–100 10–30 

£25 
 2 

 1 

25–100 
 2 

 1 

>100 
 2 

 1 

2 – for sys tems >500 kW 

  10–100 

>70 

25–100 
 2 

 1 

>100 
 2 

1

 30–70 >100 
 2 

 1 

100–200  

>70 25–100 
 2 

 1 

 >70  >100 
 2 

 1 

 30–70 

25–100  2 

>100 
 2 

 1 

3 – mixed con di tions, power ad just -
ment by in stal la tion tech ni cal de sign 

  10–100  

>70 £25 
 2 

 1 

 30–70 

£25 
 2 

 1 

 25–100 
 2 

 1 

100–200 

>70 £25 
 2 

 1 

 30–70 
£25 

 2 

 1 

 25–100  1 

 10–30 

£25 
 2 

 1 

 25–100 
 2 

 1 

>100 
 2 

 1
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T a  b l e  4

Sum mary of the dis tri bu tion of hydrogeological pa ram e ter ranges in Po land that meet the bound ary cri te ria
 for ATES sys tem suit abil ity

Class/In ter val
Area oc cu pied Rel a tive to the to tal ATES

area 
Rel a tive to the area 

of Po land

[km2] [%] [%]

Depth to the top of the ma jor us able aqui fer

10–50 m b.g.l. 9,825   7.0   3.1

50–100 m b.g.l. 118,402 83.9 37.9

100–200 m b.g.l. 12,834   9.1   4.1

Num ber of aqui fers

1 56,560 40.1 18.1

2 75,954 53.8 24.3

3 8,350   5.9   2.7

4 197   0.1   0.1

Aqui fer thick ness

10–20 m 61,761 43.8 19.7

20–40 m 68,160 48.3 21.8

>40 m 11,139   7.9   3.6

Aqui fer transmissivity

100–200 m2/d 50,076 35.5 16.0

200–500 m2/d 64,703 45.9 20.7

500–1000 m2/d 20,396 14.5   6.5

>1000 m2/d 5,885   4.2   1.9

Yield from a sin gle well

10–30 m3/h 23,528 16.7   7.5

30–50 m3/h 47,905 34.0 15.3

50–70 m3/h 37,729 26.7 12.1

>70 m3/h 31,899 22.6 10.2

Hy drau lic con duc tiv ity

0.1–0.8 m/d 62   0.0   0.0

0.8–10 m/d 33,838 24.0 10.8

10–26 m/d 84,978 60.2 27.2

26–70 m/d 21,519 15.3   6.9

70–200 m/d 661   0.5   0.2

>200 m/d 3   0.0   0.0

Hy drau lic gra di ent

<0.03% 20,475 14.5   6.5

0.03–0.1% 49,931 35.4 16.0

0.1–0.2% 36,765 26.1 11.8

0.2–0.5% 27,693 19.6   8.9

0.5–1.0% 5,238   3.7   1.7

1.0–2.0% 794   0.6   0.3

>2.0% 78   0.1   0.0

Ground wa ter ve loc ity

<25 m/yr 27,215 19.3   8.7

25–50> m/yr 27,182 19.3   8.7

50–100 m/yr 36,248 25.7 11.6

100–200 m/yr 30,227 21.4   9.7

200–500> m/yr 17,277 12.2   5.5

500–1000 m/yr 2,475   1.8   0.8

>1000 m/yr 437   0.3   0.1

Util ity classes

In stal la tions <175 kW 21,438 15.2   7.0

In stal la tions >500 kW 57,992 41.1 18.9

Mixed con di tions 61,630 43.7 20.1
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Fig. 4. Dis tri bu tion of hydrogeological pa ram e ters in ar eas iden ti fied as fa vour able for ATES de vel op ment



Ed it ing of the MHP at a Scale of 1:50,000” was is sued, up dat -
ing, among other things, the method for cal cu lat ing po ten tial
well yield. Due to the scale of the pro ject – ex e cuted over eight
years by mul ti ple con tri bu tors – and the in terim re vi sions to
map de vel op ment guide lines, no tice able dis con ti nu ities in se -
lected pa ram e ters de scrib ing ma jor us able aqui fers are
clearly ev i dent at sheet bound aries. This is vis i ble, for ex am -
ple, in the maps of thick ness, hy drau lic con duc tiv ity, and the
num ber of aqui fers – as in cluded in Ap pen dix 1. There fore, it
should be em pha sized that the na tion wide as sess ment for Po -
land is of an in dic a tive na ture only, and the de sign of each
ATES in stal la tion must be gin with a de tailed in ves ti ga tion of
lo cal con di tions. This in ves ti ga tion should cover both hy dro dy -
namic and hydrochemical as pects, as these may ex ert a de ci -
sive in flu ence on the per for mance and op er a tional life span of
stor age sys tems uti liz ing ground wa ter.

The ap proach to de fin ing bound ary con di tions, such as
aqui fer transmissivity, thick ness, ground wa ter ve loc ity, and the
thick ness of iso lat ing lay ers, also var ies among au thors. How -
ever, it is gen er ally ac cepted that most fa vour able con di tions for 
the de vel op ment of LT-ATES sys tems re quire a po rous aqui fer
with a transmissivity of at least 100 m2/d, cou pled with a low
ground wa ter ve loc ity, i.e., <100 m/yr, and ide ally, <25 m/yr
(Bloemendal et al., 2018). Such con di tions cre ate an op por tu -
nity to ex ploit ground wa ter with high yields, and at the same
time hav ing a lim ited ra dius of ther mal in flu ence. Fur ther more,

the meth od ol ogy em ployed in this study for the coun try-scale
clas si fi ca tion of LT-ATES sys tems in Po land pro vides an es ti -
mate of the po ten tial ther mal ca pac ity of these sys tems (Ta ble 3 
and Fig. 5). Its prin ci pal ob jec tive, how ever, is to de lin eate re -
gions where hydrogeological con di tions are most con du cive to
the de vel op ment of large-scale in stal la tions, as op posed to ar -
eas char ac ter ized by lower ex pected well yields or other less fa -
vour able hydrogeological con straints. Achiev ing the de sired
heat ing or cool ing ca pac ity – for in stance, 500 kW – may re quire 
drill ing of two or more dou blets, even in cases where in di vid ual
wells have very high flow rates. How ever, de tailed cal cu la tions
con cern ing the in te gra tion of LT-ATES in stal la tions with spe -
cific types of build ings fall be yond the scope of this pa per. 

The meth od ol ogy ap plied in this study builds on es tab lished
ap proaches com monly used in Eu rope, such as those in the
Neth er lands (Bloemendal and Hartog, 2018) and Ger many
(Stemmle et al., 2025), and par tic u larly in Lower Sax ony (Noe -
then et al., 2025). These stud ies eval u ate hydrogeological con -
di tions, aqui fer depth, per me abil ity, and ground wa ter flow at re -
gional or na tional scales. Eu ro pean meth od ol o gies typ i cally
con sider all aqui fer types (po rous, frac tured, and karst) and ap -
ply gen er al ized bound ary val ues, al low ing cross-re gional com -
par i sons and ap prox i mate as sess ments of ATES po ten tial.

In this study, the same gen eral frame work was ap plied but
adapted to Po land’s spe cific hydrogeological con di tions and the 
qual ity and cov er age of na tional data. The anal y sis fo cused on
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Fig. 5. Clas si fi ca tion of LT-ATES po ten tial in Po land
 (class def i ni tion and colours used as in Ta ble 3)
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po rous, shal low fresh wa ter aqui fers, high light ing the ma jor us -
able aqui fer (GUPW) and sup port ing aqui fers (PPW-WH),
while ex clud ing frac tured and karst aqui fers, which are dif fi cult
to quan tify on re gional maps due to their strong lo cal vari abil ity.
Bound ary pa ram e ters such as hy drau lic con duc tiv ity and
ground wa ter flow ve loc ity were ad justed based on na tional da -
ta bases (MHP, CBDH-BH), con sid er ing the frag mented in for -
ma tion on sec ond ary aqui fers.

 A ma jor lim i ta tion in Po land is the ab sence of op er a tional
data from ATES in stal la tions, since no such sys tems are cur -
rently in op er a tion, un like coun tries such as the Neth er lands
where abun dant op er a tional data al low model cal i bra tion and
der i va tion of re al is tic re sults through multivariate mod el ling and
it er a tive re fine ment.

The meth od ol ogy ap plied com bines es tab lished Eu ro pean
as sess ment prin ci ples with prac ti cal ad ap ta tions to na tional
con di tions and data con straints and en abled a high-res o lu tion,
lo cally adapted as sess ment of LT-ATES po ten tial in Po land.

Given the fa vour able hydrogeological and cli ma tic con di -
tions across a sig nif i cant ter ri tory of Po land, the Min is try of Cli -
mate and En vi ron ment should strive to im ple ment the plan in -
cluded in the “Multi-year Pro gram for the De vel op ment of the
Use of Geo ther mal Re sources in Po land”, which con cerns the
im ple men ta tion of pi lot in stal la tions of un der ground ther mal en -
ergy stor age sys tems, as well as fi nan cial sup port for the con -
struc tion of nu mer ous LT-ATES in stal la tions. In its strat egy, the 
Min is try an tic i pates sup port ing over 100 such in stal la tions un til
2040, es ti mat ing the amount of fund ing at ~PLN 159 mil lion
(~EUR 37.4 mil lion). It is there fore worth be gin ning this ven ture
by clar i fy ing le gal and ad min is tra tive un cer tain ties and then fi -
nanc ing the con struc tion of sev eral pi lot in stal la tions. This will
en able Pol ish re search ers, con sult ing com pa nies, and geo log i -
cal ser vice pro vid ers to ac quire es sen tial ex per tise and fur ther
ad vance their com pe ten cies in the de sign, im ple men ta tion, and 
op er a tion of ATES sys tems. As a re sult, it will con trib ute to ac -
cel er at ing the de vel op ment of the un der ground ther mal en ergy
stor age mar ket in Po land.

An other im por tant is sue is the pro mo tion of low-tem per a -
ture heat ing, in which heat pumps can meet the user’s tem per a -
ture re quire ments while main tain ing a high COP. This will en -
able a much wider use of Po land’s geo ther mal re sources and
un der ground heat stor age than is cur rently the case. This will
re sult in the re duced use of peak-load boil ers, thus con trib ut ing
to im proved air qual ity.

The meth od ol ogy ap plied and anal y ses con ducted pro vide
a solid foun da tion for plan ning pi lot pro jects and de vel op ing
reg u la tory frame works for ATES in Po land.

CONCLUSIONS

Based on the anal y sis pre sented, LT-ATES tech nol ogy
could be feasibly im ple mented across nearly half of Po land’s
ter ri tory – ~141,000 km2 – where hydrogeological con di tions
are con sid ered fa vour able for this form of un der ground ther mal
en ergy man age ment. How ever, the de vel op ment of heat and
cold stor age in aqui fers re quires more than that. The map of
LT-ATES po ten tial is just the be gin ning of a long road to the de -
ploy ment of ATES in stal la tions for in di vid ual or group heat ing
and cool ing as well as into heat ing and cool ing grids. This na -
tion wide as sess ment of LT-ATES po ten tial is in dic a tive only
and can not be sub sti tute for a de tailed lo cal anal y sis. Hy dro dy -
namic and hydrochemical fac tors can sig nif i cantly in flu ence
sys tem per for mance and op er a tional life span. Each in stal la tion
must be then de signed based on site-spe cific geo log i cal and
hydrogeological con di tions as well as ac tual heat ing and cool -
ing de mand for the sys tem end-user. We must de velop cost-ef -
fec tive meth ods for in ves ti gat ing lo cal nat u ral con di tions in or -
der to ob tain all the in for ma tion nec es sary to prop erly de sign ef -
fi cient and re li able LT-ATES sys tems ca pa ble of long-term op -
er a tion. Ad vanced tech no log i cal so lu tions may be re quired to
mit i gate less fa vour able nat u ral prop er ties of aqui fers.

Com ple ment ing these tech ni cal ef forts, the es tab lish ment of
clear per mit ting pro ce dures, en hanced aqui fer data ac qui si tion,
and the ini ti a tion of dem on stra tion pro jects sub si dized by the
Min is try of Cli mate and En vi ron ment can fur ther ac cel er ate mar -
ket readi ness. Through such in te grated ac tions, coun tries like
Po land can be gin to un lock the stra te gic value of ATES in de car -
bon iza tion of the heat mar ket and im prove ment of air qual ity.

Data avail abil ity: The map con tain ing clas si fi ca tion and
hydrogeological pa ram e ters of all ar eas iden ti fied as fa vour able 
for the de vel op ment of LT-ATES tech nol ogy in Po land is avail -
able as a web-map ser vice at: https://geolo gia.pgi.gov.pl/ma -
py/?page=Podziemne-magazynowanie 

A ded i cated website on the as sess ment of LT-ATES po ten -
tial in Po land is avail able at: https://www.pgi.gov.pl/srodo wisko -
wa/bloki-tematyczne/ates.html  

Fund ing: This pa per was pre pared based on the re sults of
the pro ject “Pre lim i nary as sess ment of the pos si bil ity of stor ing
ther mal en ergy in aqui fers in Po land” (pol. “Wstêpna ocena
mo¿liwoœci magazynowania energii cieplnej w poziomach
wodonoœnych na obszarze Polski”) fi nanced un der grant agree -
ment no. 1377/2023/Wn-07/FG-go-dn/D of 17/08/2023 by the
Na tional Fund for En vi ron men tal Pro tec tion and Wa ter Man -
age ment (NFOŒiGW)
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APPENDIX 1
Se lected hydrogeological pa ram e ters of ma jor us able aqui fers in ar eas suit able for LT-ATES de ploy ment

Depth to the top of ma jor us able aqui fers in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale



Thick ness of ma jor us able aqui fers in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale



Transmissivity of ma jor us able aqui fers in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale



Hy drau lic con duc tiv ity of ma jor us able aqui fers in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale and the Bank Hy dro da ta base



Po ten tial yield from a well tap ping a ma jor us able aqui fer in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale



Num ber of iden ti fied aqui fers down to a depth of 200 m in LT-ATES-suit able ar eas, 
based on the Hydrogeological Map of Po land at 1:50,000 scale and the Bank Hy dro da ta base


