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Context. The use of intermittent renewable energy sources for hydrogen production will require the storage of energy surpluses in periods of increased
supply to balance shortages in periods of increased demand. The geological structures in deep aquifers provide the possibility of large-scale
underground hydrogen storage. The research aimed to develop the ranking of storage traps in deep aquifers in the Polish Lowland, considering
geological and reservoir criteria.

Method. The method applied in the research included the following phases:
Hystories database 1) data export from the Hystories database to choose storage traps in deep aquifers in the Polish Lowlands,

of geological structures . . . . .

2) determination of exclusion criteria,
3) determination of geological and reservoir criteria for storage traps evaluation,
4) evaluation criteria conversion and normalization,
e Data Export 5) determination of decision matrix,

6) determining the weights of individual criteria,

/) calculations to determine the ranking of storage traps.
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— 1. Data for ranking. Data on the parameters of analyzed storage traps come from the Hystories database developed based on
—— fundamental data on porous geological structures collected from previous projects, i.e., Energy Storage Mapping and Planning
v anking ik

and CO, Storage Potential in Europe. The Hystories databases have been significantly updated and expanded by adding newly
available data from reports, scientific papers, and other reputable sources. The file exported from the Hystories database
included 38 storage traps with all data describing their parameters.

The workflow of the ranking developing

EXCLUSION CRITERIA EVALUATION CRITERIA VNET
Criterion Condition Criterion Symbol Description/value 0.20
Closure/spill point minimum value 20 m The average thickness [m] GTH The value of the criterion is directly proportional to _GTH
P 2 9 the structure’s thickness.
The surface of the storage trap minimum value 0.3 km
eismic surveys within the trap structure The average depth [m] DEP  and above, the number of points decreases
present faults cutting caprock with a throw proportionally to the change in depth.
Faults . . D . LITH DEP
greater than the caprock thickness Permeability [mD] PERM The criterion value is directly proportional to the
Seismic areas occurrence of seismically active areas permeability of the reservoir layer.
o presence of mining areas within the Porosity [-] POR The criterion value is directly proportional to the
Underground resrictions structure, drinking water reservoirs Y porosity of the reservoir layer.
, _ densely populated areas, industrial areas, . . The criterion value is directly proportional to the
Spatial planning military areas, transport routes, wind farms Vertical net gross [] VNET  chare of sandstone layers within the structure.
Protected areas occurrence of national parks and Natura Areal extent [km?] FEXT The criterion value is directly proportional to the FAULT FEXT
2000 sites structure's surface.
- logical structures planned for . The criterion value is directly proportional to the
Mining devel t geo y prop
ining developmen development Seal thickness [m] SEAL thickness of the caprock layer.
Depending on the permeability of individual rocks SEAL 0.12 POR
. . . . . . . The lithology of the seal LITH of sealing overburden, numerical values of 1-10
2. Exclusion criteria. Nine exclusion criteria were are assigned from the most to the least permeable.
determined to select storage traps for ranking. The Structures where faults do not occur, get the PERM
. . . Faults through overburden  FAULT  highest number of points. If faults are found, the
criteria aimed to exclude poorly explored, small traps structure scores fewer points. Criteria weiahts determined by the pairwi . thod
ocCu rring at great depthS, in Seismica”y active areas, Exoloration status gTAT  Better explored and characterized structures score fitéria weignts aetermined by the palrwise comparison metno
P a higher number of points in the range of 1-10.

and densely populated, intensively developed, and

orotected areas. 6. Determination of weights of evaluation criteria. The

AHP method based on comparing criteria in pairs using

3. Evaluation criteria. Nine criteria were chosen to evaluate storage traps' suitability for UHS, including thickness, Saaty's scale was used to determine the weights of individual

depth, permeability, porosity, field extent, thickness and lithology of caprock, faults, and exploration status. criteria. The most important criterion according to the adopted
method is the status of exploration of the structure (0.16) and

4. Evaluation criteria conversion and normalization. Since the evaluation criteria values are expressed in  criteria directly related to the storage trap's tightness, i.e., the

different units or are dimensionless, they have been normalized for comparison. sealing layer's lithology and thickness and the presence of

. _ L _ L L _ _ _ faults (0.14). The slight difference between the values of most
3. Decision matrix. Considering the evaluation criteria, a decision matrix was created, including selected traps  yiteria weights indicates their important role in creating the

listed in rows and evaluation criteria set out in subsequent columns. ranking of storage traps.
T o o om on o om om sn au auea o 7-Rankingcalculations. 1
Suliszewo_JTkom 015 048 111 o028 o014 030 130 o1 1a7 157 o84 Using the calculation spreadsheet, the successive 1.60 |
Marianowo_J1kom 018 038 123 056 029 034 130  0.14 137 063 6.42 ValueS Of the deCiSion matrix were multlplled by the 140
Jezow_J1bor 044 054 037 056 072 034 130 014 137 063 641 ) i ) i ) : °
Sterpe_Cr1 022 054 0 09 022 030 014 068 137 065 603 criteria weights to determine their weighted value. The E.
Jezow_J1kom 0.35 0.43 0.37 0.28 0.72 0.30 1.30 0.14 1.37 0.63 5.90 Su m Of the Weighted Crite ria Val ueS for individ ual E
Wyszogrod_Cr1 027 054 049 094 043 030 014 068 137 063 579 ; ) - ) . @ 1.00 -
Sochaczew_Gr 022 o048 049 094 050 030 014 068 137 063 577 geological structures shows the suitability of individual 5
. . . . . - 0.80
Brzesc_Kujawski_J1bor 0.40 0.54 0.25 0.28 0.36 0.30 1.30 0.14 1.37 0.63 5.56 Stru Ctu reS fo r U H S . Arra ng I ng Stru Ctu reS I n d esce nd I n g E
Turek_Cr1 013 054 037 075 029 034 014 095 137 063 551 ) ) o ) ) ® 0.60
Dzierzanowo_Cr1 022 048 099 056 022 030 014 054 137 063 546 order Of the sum Of welg hted values Of individual criteria § '
Brest Kujawski_J1kom 040 043 025 028 036 030 130 014 137 063 546 . . : 40 -
Chabowo_J1kom 018 043 037 047 029 026 130 014 137 063 544 allowed for determlnlng the final ranklng of the analyzed 40
Konary_J1bor 027 054 037 009 022 030 130 014 055 157 534 StO rag e tra pS ] T h e tO p- ran ked Sto rag e tra pS are 0.20 -
Choszczno_J1kom 009 054 037 028 029 030 130 014 137 063 530 . .
Tuszyn_Cr1 013 032 0-99 075 014 0-30 0.14 041 137 063 319 SUIlszeWO_J1 kom, MarlanOWO_J1 kom’ JeZOW_J1 bor, 000 Suliszewo_J1kom Marianowo_J1kom Jezow_J1bor Sierpc_Crl Jezow_J1lkom
Trzesniew_Cr1 018 016 012 056 014 030 014 136 137 063 4.97 S|erpC_Cr1 , and JeZOW_J'I kom . The”' h|gh pOS|t|0n 18] - - - - -
e, Wl om oo oon o0t 0% the ranking is due to the high values of two or three
Bodzanow_Crt 027 054 08 084 020 030 014 068 014 08 479 criteria with relatively high weights. Distribution of the evaluation criteria weighted values
Kamionki_Cr1 027 048 062 056 022 030 014 014 137 063 473 for the top-ranked storage traps

Conclusions. Based on the hierarchical analysis of decision problems, the research allowed for the ranking of storage traps in deep aquifers of the Polish Lowlands.
The weights of individual criteria play a decisive role in the ranking since the AHP method is based on the subjective assessment of experts. The developed ranking
method considers the possibility of modifying the number of criteria and their weights, e.g., by technical, economic, and environmental aspects. The method may
support the decision-making process in selecting geological structures in deep aquifers to cover the demand for large-scale UHS.
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