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RESEARCH OF THE POSSIBILITY
OF USING THERMOELECTRIC
ELEMENTS (TEE) IN WELLS WITH
LOW GEOTHERMAL GRADIENT

O6’ckmom docrioncenis € c6epOIOSUNY 3 HUSLKUM memnepamyprum epadienmom menwe 2—2,5 °C na 100 m
(pezionu Tamapii, Bawxupii, Yomypmii i m. 0.). [pu eusuenni koMnonyeans npucmpoio 0 ymurisayii zeomep-
Manvioi enepeii 6UKOPUCTOBYBABC MEMOO CUCMEMI020 analidy. A 6 X00i Q0CAi0NCeHHsA NPUCTIPOTO WMANZ08020
2nubunnozo nacoca (IIIITH) i npucmpoio erexmposiouenmposozo nacoca (IIEI[H) suxopucmogyeaecs memood
NOPIBHUSLILHO20 ANALI3Y.

Y po6omi 062060piocmvcs numaniis nPo MONCAUBICMb EKOHOMIL enepzopecypcis npu excniyamauii Hagpmosux
PO00BUUL, U0 3HAXOOAMBCSL 8 PEZIOHAX 3 HEGUCOKUM 2e0MEPMIUHUM Nomenyiaiom 06’ckmie pospodru. Posersda-
emocs cnoci6 eupiulens npodiemi SK 6aplanm KOMNIEKCHO20 SUKOPUCTAHHS He MILbKU NempomepMaivHoi enepeii
naop, aie maxodxc i 2iopoxinemuunoi enepezii naacmosux 600. Ilokasamno, wo ymuiizayis HusLKOMeMnepamypuoi
2eomepmanvioi enepezii 3a paxynox ii noeonanns 3 ymurisayieio ziopoxinemuunoi emepeii 6oodu, wo Haznwima-
emvcs uepes cucmemy HIIT (niompumainis niacmogozo mucky), ekonomiuno euziono. Ile noe’ssano 3 mum, uo
sanpononosanuii 8 pobomi memod mae psd 0cobAUBOCMEll, 30KPeMa, eKcnayamayiiuni (peazyioui) c6eponosunu
001A0NYIOMBCS HA 2UPIT MEPMOCICKMPOZEHEPAMOPIB, U0 NEPEMBEOPIOIOMb MeNI08Y eHepzii Naacmosozo gpuoidy
8 enexmpuuny. 3acmocysaniis NOOIOHUX NPUCTPOIE D0360IUMb SHUSUTNU GUMPAU AeKMPOCHEPZIL 0L ICUBTLeHIS
enexmponpueody THO (enubumnne nacocie 001a0namnmns) ma imuux cCnojicusauis eaexmpoenepeii na ceepoiosui.
Enexmpoenepzis, wo upoOisiemvcs mepmoeieKmpuunumM MOOYIAMU NOCMITIH020 CIMPYMY, NI0CYMOBYEMbCs
3 YCix mepmoerekmpuunux nepemaopiosayis. Ompumana enepeis CnpsIMoBYEMvCs No JiHil HA JCUBEHHS mele-
cucmemu ACY-TII (aemomamusosana cucmema ynpasiinus Mexmoi02ziunum npouecom). 3asoaxu ubomy sabes-
NeUYEMvbCs MONCIUBICINY OMPUMAHHIA CACKMPUYHOT enepzii 3 HUSLKOMEeMNePAMYPHUX C6epOL0sun. Y NOpieHaNILL
3 aHANOZIUHUMU GIOOMUMU KIACUUHUMU MEMOOaMU, KOIU 2a306Ull Gaxmop npodykuyii, uo eudobyeacmocs,
¢ documv sucoxum (=80—100 m>/m), mo npaxmukyemocs GUKOPUCTANIS NONYMIHOZO0 2a3Y OIS HCUGILEHHS eleK -
mpozasomypoinnux 2enepamopie, uo eupobisiomn eirexmpodxcusiens o THO 6esnocepednvo na excniyama-
yiunitl ceeponosuni. Ipome maxuii cnocié ymunizauii nonymmozo 2asy ma nisuit cmaoii po3pooKuU € eKOHOMIUNO
HeNPUTUHSMHUUM, MAK SK 6 UbOMY 6UNAOKY 6il € 6KPALl HUSLKUM LS 1020 Peanisayii.

Kmouosi cnoa: nempomepmaivia enepzis, 2i0poKiHemuuna enepezis, elexmpuuna enepeis, meniosa enepeis,
nAACmMosuil (pioio, KOMNICKCHA YMUNIZAUisL.
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1. Introduction

Utilization of petrothermal energy, as an unconventional
and practically inexhaustible natural source of thermal
energy, which, under certain conditions, can be converted
into electric energy, has received increasing attention in
many countries in recent years [1-3]. However, as practice
has shown, the development of this type of energy, its
efficient utilization with conversion to electrical energy,
depends on many factors. The most significant factor is
the range of reservoir temperature at the bottom of the
wells [4, 5]. The researchers in [6] found that the profit-
ability of the conversion of thermal energy of the subsoil
is directly proportional to their temperature and inversely
proportional to their depth. The geothermal gradient has
a significant impact on the economic efficiency of the
process of its disposal [7].
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Researchers of this work are primarily interested in
the problem of thermal energy utilization in regions with
low geothermal potential (2-2.5 °C/100 m, regions of Ta-
taria, Bashkiria, Udmurtia, etc.). Calculations showed [8]
that with an average depth of production wells in this
region up to 2200 m, the maximum temperature at the
bottom is not more than 45-50 °C. And transportation of
formation fluid to the surface from this depth allows to
get no more than 30-35 °C, taking into account losses,
which is clearly not enough to generate a sufficiently high
electrical power. Therefore, the study of wells with a low
geothermal gradient is relevant.

Thus, the objects of research are wells located in the
regions of Bashkiria, Tataria, Udmurtia, etc., where the
geothermal gradient does not exceed 2—2.5 °C per 100 m.
And the aim of research is choose of a technology that
allows to use the potential of low temperature wells.
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2. Methods of research

The next methods are used in this research:

— amethod of system analysis when studying the layout
of a device for the utilization of geothermal energy;
— a method of comparative analysis in the study of the
device of a sucker rod pumping unit (SRPU) and the
device of an electric centrifugal pumping unit (ECPU).

3. Research results and discussion

As a way to solve the problem, let’s offer a comprehen-
sive solution by using not only the petrothermal energy
of the subsoil, but also the hydrokinetic energy of the
formation water.

It is known [9] that for pumping up to the surface of
reservoir fluid during the operation of oil and gas wells at
the final stage of development, when the reservoir pres-
sure is lower than hydrostatic, deep-pumping equipment
(DPE) is widely used.

Since, as a rule, the profitability of the operation of oil
and gas wells at the final stage of development is low,
oil producing companies widely practice measures that save
energy DPE consumption. These include, first of all, the use
of electric drives with frequency-controlled control, which
allow to change the DPE capacity, depending on the change
in the productivity of the exploited formations. Also, in
order to save power consumption, it is practiced to use the
regime of periodic operation of DPE at the time of day
when the tariffs for paying for electricity are the lowest.

In cases where the gas factor of the produced products
is sufficiently high (=80-100 m?/t), the use of associated
gas is used to power electric gas and turbine generators
that generate power for DPE directly at the production
well. However, this method of utilization of associated gas
at a late stage of development is not economically feasible,
since in this case it is extremely low for its implementation.

As for the first two of these methods of saving energy,
it is possible to say that:

— variable frequency drive is a rather expensive equip-

ment with a long payback period;

— DPE use at the time of day when electricity tariffs

are the lowest does not always justify itself economi-

cally. This is due to the high probability of a decrease
in the rate of production extraction during the time
of day, when tariffs are higher.

For more reliable energy savings, regardless of the time
of day and the rate of production extraction and the gas
factor, let’s propose to equip the injection line of the fo-
cal injection well with a device. The device will consist
of a hydroturbine electric generator utilizing the kinetic
energy of produced water.

At the same time, production (reactive) wells are equipped
at the wellhead with thermoelectric generators that convert
the thermal energy of the formation fluid into electrical
energy. The use of such devices will reduce the cost of
electricity for powering the electric drive DPE and other
consumers of electricity in the well.

Let’s consider the layout of equipment for the uti-
lization of kinetic and thermal energy contained in the
fluid, both transported into the reservoir, and taken from
it. Let’s consider the layout using the example of a five-
point operational cell, which is the main component of the
development system for most oil fields (Fig. 1) [10, 11].

The five-point production cell includes four production
wells 1 located at the corners of an equilateral quadrangle
and an injection (focal) well 2 located in its center. The
power supply and control of the DPE (SRPU, ECPU are not
shown in Fig. 1) is carried out using the control cabinet 3,
which is supplied with power via a power industrial line 4
(380 V). Water injected into the reservoir is fed to in-
jection well 2 through a water conduit 5 from a cluster
pump station (not shown in Fig. 1). The product (oil)
extracted through production wells 1 is diverted using
a prefabricated manifold 6. The mouth of the injection
well 2 is equipped with a hydroelectric turbine 7 through
which fluid is pumped through the water conduit 5 into
the injection well 2.
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Fig. 1. The scheme of equipping the five-point production cell
with equipment for the utilization of geothermal and hydrokinetic energy:
1 — production wells; 2 — injection well; 3 — DPE control cabinet;
4 — power line ~380 V; 5 — water conduit, 6 — prefabricated oil pipeline;
7 — hydroelectric turbine; 8 — thermoelectric modules;
9 — power line ~220 V; 10 — power line = 24 V

The mouth of production wells 1, in turn, is equipped
with thermoelectric modules 8 containing heat exchan-
gers (not shown in Fig. 1) through which the formation
fluid coming from well 1 has a temperature above ground
temperature. And on the other hand, they receive water
from the reservoir pressure maintenance (RPM) system,
supplied through special groundwater conduits of smaller
diameter 5a.

Electricity generated by a hydroelectric turbine with
a voltage of up to 220 V is discharged through a power
line 9 and through a transformer (not shown in Fig. 1)
enters the industrial field network. And the electricity
generated by thermoelectric modules 8 with voltage up to
24 V DC is summed from all thermoelectric converters 8.
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The received energy is sent via line 10 to the power supply of
the ASU-TP telesystem (automated process control system).

The proposed device for the comprehensive utilization of
kinetic and thermal energy generated during the operation
of a separate production cell works as follows (Fig. 1). The
power supply of the DPE (not shown in Fig. 1) located
in production wells 1 is carried out along the main power
line 4 through the appropriate control cabinets 3. Water is
injected into the reservoir through the focal well 2, into
which it is supplied via the input line 5b to the next field
cell (not shown in Fig. 1). At the mouth of the focal well 2
in the inlet water conduit 5, a hydroelectric turbine 7 is
mounted, which is driven by kinetic energy of formation
water moving through the conduit 5. Hydroelectric turbine 7
converts it into electrical energy of alternating current
voltage up to 220 V, which is diverted from it through
a power line 9 for subsequent consumption.

Thermoelectric current sources 8 are mounted on flow
lines 6 of each production well 1. Current sources 8 con-
vert the temperature difference between the formation
fluid produced from well 1 and the water pumped into
the focal well 2.

Electricity generated by each thermoelectric converter 8
in the form of a direct current voltage of up to 24 V is
summed up using a power line 10 and sent for subsequent
consumption to the ACS-TP telesystem.

4. Conclusions

It is shown that the direct utilization of low-temperature
geothermal energy in oil-producing regions that are at a late
stage of development by converting it into electrical energy
is not economically viable. It is revealed that it is possible
to increase the economic profitability of the utilization of
low-temperature geothermal energy due to its combination
with the utilization of the hydrokinetic energy of the water
pumped through the RPM system. It is also found that
the utilization of low-temperature geothermal energy can
be carried out using thermoelectric elements (TEE). TEEs
are installed on the flow line of production wells located
near the injection well. The process of utilization of hy-
drokinetic energy can be carried out using a hydroelectric
turbine installed inside the discharge line (water conduit).

The research results will be useful to oil producers
as a solution to the issue of energy efficiency in the in-
dustry itself.
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