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ABSTRACT:

The utilization of artificial intelligence in decision-making is increasing every day, raising
the question of its reliability in complex assessments. Therefore, this study examines the
potential of chatbots to assess the feasibility of shallow geothermal resources across 8
European countries (Austria, Bosnia and Herzegovina, Croatia, Hungary, Romania,
Serbia, Slovakia, and Slovenia). The results provided by chatbots are analyzed in detail
and compared against expert evaluations to identify their reliability. The study will
provide the following: 1) insight into market differences of the mentioned countries, 2)
insights into the limitations of Al-based assessments, and 3) a discussion on the potential
of chatbots as tools for preliminary feasibility studies in everyday shallow geothermal
system planning.

Keywords: Shallow geothermal energy, Artificial Intelligence, Chatbots, Decision-making

1. INTRODUCTION

The continual worsening of the climate, followed by the current geopolitical situations,
makes renewable energy utilization an imperative. On the other hand, heating and cooling
of both residential and industrial buildings rely mostly on fossil fuels, consequently
influencing greenhouse gas (GHG) emissions significantly. According to the International
Energy Agency (IEA), heating in buildings alone is responsible for 10% of global CO,
emissions [1]. Correspondingly, using renewable energy sources in the heating and
cooling sector, such as shallow geothermal energy, is a crucial step towards a healthy
environment and energy security. According to the IEA, using geothermal energy, the
district heating network could be decarbonized, as it can meet current global heating
demands [1]. Unfortunately, despite the potential of geothermal energy, there are various
obstacles to its implementation, among which is a lack of public awareness and knowledge
[2].

One of the most popular implementations of Al is chatbots. A chatbot is a software that
can interact with humans in textual or vocal form on a certain topic. They are developed
in a way that creates effective digital assistants able to give information, answer questions,
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discuss a specific topic, or perform a certain task. Chatbots did not only infiltrated
everyday life, but also a wide range of industries, including healthcare [3-5], information
technologies [6-8], finance [9-11], tourism [12,13], etc. Additionally, Ng et al. [14]
examined the utilization of chatbots in medical research, the results showed that among
2165 respondents, 60.5% were familiar with the concept of chatbots, while 44.5% of them
used them in their scientific careers. Overall, it is noticeable that chatbots have gained a
lot of momentum, and soon they will be part of both everyday and professional life of
every average individual. Everything mentioned brings a question: Can chatbots help us
to mitigate the lack of public awareness and knowledge toward shallow geothermal
energy?

2. METHODOLOGY

The workflow of the study includes the following steps: 1) Requesting chatbots (ChatGPT,
DeepSeek, Gemini, and Grok) to estimate Net Present VValue (NPV) for transition from
gas heating and air-to-air heat pump cooling to a hybrid shallow geothermal system for a
100 m? house without and with human assistance?, 2) Comparison of obtained results
(from chatbots) with human (expert) estimations of NPV, 3) Decision on the capability of
chatbots to estimate NPV. The workflow of the study is illustrated in Fig. 1.

CHATBOTS

— HUMAN

.

! J

NPV estimation for transition
from natural gas heating and

NPV estimation for transition Semi-assisted NPV air-to-air heat pump cooling
from natural gas heating and | |estimation for transition from to hybrid shallow geothermal
air-to-air heat pump cooling | |natural gas heating and air-to- heating a cooling for a 100

to hybrid shallow geothermal air heat pump cooling to

heating and cooling for a 100 hybrid shallow geothermal

meters squared house without| |heating and cooling for a 100
human assistance. meters squared house.

meters squared house.

RESULTS

RESULTS

RESULTS

NO

l i YES NO

Y ¥

Chatbot Chatbot

can be can't be
used used

Chatbot Chatbot
can be can't be
used with | [ used with
human human
assistance | [assistance
for NPV for NPV
estimation.| [estimation.

without without

human human
assistance | | assistance

for NPV for NPV
estimation.| |estimation.

! Human assistance means a series of expert-level sub-questions that aim to increase the
accuracy of the NPV estimation.
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Fig. 1. Workflow of the study

3. RESULTS
3.1. Chatbot estimation

Tables 1 and 2 give the estimated NPVs with assumed input data by chatbots (without and
with human assistance). Figures 2 and 3 visualise the annual savings and NPVs estimated
by chatbots per country. In the case of NPV estimations without human assistance (Fig.
3), it is noticeable that the chatbot whose results differ the most from others for Serbia,
Slovenia, and Bosnia is DeepSeek, for Romania, Croatia, Austria, and Hungary is Gemini,
and for Slovakia is ChatGPT. On the other hand, in the case of NPV estimations with
human assistance (Fig. 5), it is noticeable that for Serbia, Austria, and Bosnia
Herzegovina, Grok varies the most, Gemini for Romania and Hungary, and DeepSeek for
Croatia, Slovenia, and Slovakia.
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Fig. 2. Estimation of annual savings and NPV per country without human assistance
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Fig. 3. Estimation of annual savings and NPV per country with human assistance

Fig. 6 presents an illustration of Pairwise distance analysis, showing that Gemini differed
the most from others in the case of estimation without human assistance, with an average
distance of 17,082.37 €, while in the case of human-assisted estimation, Grok varies the
most with an average distance of 17,155.614 €.
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Table 1. Chatbot NPV estimation without human assistance

Gas price

Electricity price

Country Chatbot JE/RWh) JERWh) Annual savings [€] Net Investment [€] NPV (25 years) [€]
ChatGPT 0.045 0.1 225 14,000 -10,610
DeepSeek 0.05 0.12 183 20,000 -5,000 -0
Serbia
Gemini 0.07 0.12 480 18,500 -11,734.88
Grok 0.06 0.09 577 14,000 -5,868
ChatGPT 0.0581 0.1863 179.92 14,000 -11,289
Romania DeepSeek 0.06 0.15 237 20,000 -2,000 - 3,000
Gemini 0.085 0.17 510 23,500 -16,312.06
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Grok 0.0581 0.14 400 13,500 7,862
ChatGPT 0.0447 0.10 246.67 14,000 410,285
 DeepSeek 0.08 0.18 458 20,000 7,000 — 12,000
Croatia
Gemini 0.10 0.18 660 24,000 -14,698.96
Grok 0.0447 0.13 241 16,000 -12,603
ChatGPT 0.1379 0.2437 921.86 14,000 -130
 DeepSeek 0.10 0.28 417 20,000 8,000 — 15,000
Austria
Gemini 0.12 0.24 840 30,000 -18,161.04
Grok 0.1379 0.25 1,197 17,500 629
ChatGPT 0.0275 011 30.56 14,000 -13,540
DeepSeek 0.07 0.14 442 20,000 4,000 — 8,000
Hungary
Gemini 0.11 0.20 720 25,000 -14,852
Grok 0.0275 011 58 15,000 -14,183
ChatGPT 0.003 0.189 560.83 14,000 5,560
DeepSeek 0.09 0.20 550 20,000 12,000 — 18,000
Slovenia
Gemini 0.13 0.2 975 28,000 -14,258.35
Grok 0.078 0.18 561 17,000 -9,003
ChatGPT 0.05 0.102 300.56 14,000 -9,480
_ DeepSeek 0.05 0.10 258 20,000 -3,000 — 1,000
Bosnia
Gemini 0.08 01 660 20,000 -10,698.96
Grok 0.07 0.08 748 14,000 3,458
ChatGPT 0.063 0.189 227.50 14,000 -10,580
DeepSeek 0.08 0.18 458 20,000 6,000 — 10,000
Slovakia
Gemini 0.12 0.19 870 27,000 -14,738.22
Grok 0.065 0.15 468 16,000 0,404
Table 2. Chatbot NPV estimation with human assistance
Gas Electricity
Country Chatbot price price ?;?rl:asl Installation costs Incentives Net In}/églstment NPV (IZéFfIyears)
[EKWH]  [EkWh] 9
ChatGPT  0.0500 0.1300 21167 16,000 2,000 14,000 -11,016.78
Deepseck 006 0.10 600 14,000 1,500 12,500 4,946
Serbia i 0.045 0.09 390 13,000 1,000 12,000 5,589
Grok 0.045 0.08 175 22000 0 22000 -19700

Romania ChatGPT 0.0581 0.1760 158.67 18,000 4,000 14,000 -11,763.76
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Deepseck 005 015 200 16,000 2,000 14,000 8,364
Gemini 0055 011 430 15,000 1,500 135500 7,441

Grok  0.0581 0.184 67 22000 3000 19000 -10400

ChatGPT 00600  0.1472 284.80 20,000 5,000 15,000 -10,986.04

oy DeepSk 007 018 600 18,000 5,000 13,000 4546
roatia o min | 0.060 0.13 398 16,000 1,600 14,400 7,015
Grok 0.041 0.122 80 18000 4250 13750 -9700

ChatGPT 00700  0.2200 163.33 24,000 9,000 15,000 -12,697.99

oy Dok 008 025 800 22,000 8,000 14,000 2728
ustria - emini | 0070 0.10 621 18,000 1,800 16,200 5770
Grok 01379 0.245 606 17000 7500 9500 2600

ChatGPT 00600 01500 275.00 19,000 3,000 16,000 12,1247
Deepseck 006 016 450 18,000 3,000 15,000 8,659
HUNGary i 0.050 0.10 357 14,000 1,200 12,800 6,132
Grok 0.034 0.109 2 18000 0 18000 -14300

ChatGPT 00930  0.2084 510.60 21,000 7,000 14,000 -6,803.63
 Deepseek 0.8 020 700 20,000 6,000 14,000 3937
Slovenia - i 0,090 019 612 17,000 1,700 15,300 4377
Grok  0.0733 0.165 9% 17000 2000 15000 -9900

ChatGPT ~ 00400  0.0940 204.33 10,000 2,000 8,000 5,120.14

o Deepsk 005 0.12 450 12,000 1,000 11,000 4,660
OME emini | 0.052 012 323 12,000 800 11,200 5,938
Grok 005 009 264 22000 0 22000 -17800

ChatGPT ~ 00650  0.1800 236.67 20,000 4,000 16,000 -12,664.43
 Deepsesk 007 0.8 600 19,000 5,000 14,000 4,546
Slovakia - i 0.065 0.14 432 15,500 1,300 14,200 6,890
Grok 0.057 0.186 83 17000 3400 13600 -9600

3.1. Expert estimation

Before proceeding with the calculation, it is important to emphasize that it was done for a
building of 100 m?, located in Serbia, and categorized as a ,,C* energy label building.
According to the Serbian ,,Rulebook on energy efficiency of buildings®, the reference
building needs between 38 and 75 kWh/m? for heating annually (the upper limit will be
taken for the calculations). The current prices of gas and electricity in Serbia are around
0.03 euros [15], and 0.11 euros [16].

In the case of natural gas heating, total annual costs are calculated using equation 1.

C,=0Q, AP, 1)
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In equation 1, Qn represents the annual energy needed for heating per m?, A represents the
heated area in m?, and Pg represents the price of gas.

The total annual costs for air-to-air heat pump cooling are calculated using equation 2, in
which Qc represents the annual energy needed for cooling per m? (assumed to be around
25 kWh/m?), Pe represents electricity price, while COP represents coefficient of
performanse of the heat pump, which is around 4 for climate conditions of Serbia [17].

1
C = .A.P P 2
c =Qc = Cop )

Total annual costs for scenario 1 (gas heating and air-to-air heat pump cooling) are
calculated using equation 3.

C, =C, +C, ©)

The total annual energy need (heating + cooling) can be calculated using equation 4. As
already mentioned, the reference object needs 75 and 25 kwh/m? for heating and cooling,
respectively, which is in total 100 kWh/m?2,

Qa=0Qy +Qc 4

The total costs of a hybrid shallow geothermal system are calculated using equation 5.
Taking into account the climate conditions of Serbia, the coefficient of performance is
assumed to be around 4 on average during the whole year [17,18].

1
C.=Q, AP —— 5
T QA E COP ()

Considering total energy costs for both scenarios, annual savings can be calculated as their
subtraction (equation 6).

Sy=Cn -Gy, ©)

By the authors' experience, it is estimated that the installation of a shallow geothermal heat
pump for a 100 m? building costs around 8000 euros. The annual gas and electricity price
increase rate is assumed to be 5%, while the discount rate is assumed to be 3.5%. The
calculations of NPV are shown in Table 3.

Table 3. Human NPV estimation

Year pf;’fe P'fi'(':e Cn Cr Sa PV NPV Notes
0 0 0 0 0 0 0 -8000
1 10030 0110 293750 275000  18.750 18.094  -7981.906
2 10032 0116 308438 288750  19.688 18333  -7963.573
3 10033 0121 323859 303.188  20.672 18576  -7944.996
4 10035 0127 340052 318347 21705 18823  -7926.174
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5 0.036 0.134 357.055 334.264 22.791 19.072 -7907.102
6 0.038 0.140 374.908  350.977 23.930 19.325 -7887.777
7 0.040 0.147 393.653  368.526 25.127 19.581 -7868.196
8 0.042 0.155 413.336  386.953 26.383 19.840 -7848.356
9 0.044 0.163  434.003  406.300 27.702 20.103 -7828.253
10 : 0.047 0.171 455.703 426.615 29.087 20.369 -7807.884 i Maintenance!
11 1 0.049 0.179 478.488 447.946  1030.542 696.412 -7111.472
12 1 0.051 0.188 502412 470.343 32.069 20.913 -7090.559
13 {1 0.054 0.198 527.533  493.860 33.672 21.190 -7069.370
14 1 0.057 0.207 553.909 518.554 35.356 21.471 -7047.899
15 {1 0.059 0.218 581.605 544.481 37.124 21.755 -7026.144
16 | 0.062 0.229 610.685 571.705 38.980 22.043 -7004.101
17 1 0.065 0.240 641.219 600.291 40.929 22.335 -6981.765
18 1 0.069 0.252 673.280 630.305 42.975 22.631 -6959.134
19 1 0.072 0.265 706.944 661.820 45.124 22.931 -6936.203
20 10076 0.278 742292 694911 -1452.620 -712.358 -7648.560 | Maintenance?
21 | 0.080 0.292 779.406  729.657 49.749 23.543 -7625.017
22 10084 0306 818.377 766.140 52.237 23.855 -7601.162
23 1 0.088 0.322 859.295 804.447 54.849 24.171 -7576.992
24 10092 0.338 902260 844.669 57.591 24.491 -7552.500
25 | 0.097 0.355 947.373  886.902 60.471 24.816 -7527.685

3. CONCLUSION

When comparing chatbot and expert NPV estimations, from the aspect of the estimation
without human assistance, it can be concluded that:

e All chatbots overestimated installation costs significantly.
e  (Gas prices were overestimated by all chatbots.
e Annual savings were calculated to be too high by all chatbots.

For the estimation with human assistance, it can be stated that:

e Similar to the estimation without human assistance, all chatbots wrongly
assumed installation costs, while some of them incorrectly assumed gas and
electricity prices.

e The biggest problem with the utilization of chatbots on NPV estimation was the
overestimation of installation costs.

e The problem with electricity and gas prices could be solved by directing
chatbots to official sources (ministries, government agencies, etc)

The additional conclusion from the aspect of geothermal system implementation in the
analyzed countries is that switching from a gas boiler and air-to-air heat pump to a hybrid
shallow geothermal system is not profitable in a period of 25 years without incentives.

! Gas boiler replacement
2 Gas boiler and heat pump replacement
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