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Abstract. The paper analyzes the main techniques and technologies of oil fluid recovery in the 
context of energy consumption, significantly rising over the latest decade. It is recognized that  
the number of publications in the area of energy efficiency is growing steadily. Currently Russian  
oil and gas industry are facing the task of accelerating reduction of energy consumption while 
preserving, or even increasing, production rates. The task is complicated by the fact that the majo- 
rity of deposits in Russia either have already entered (primarily, Volga-Ural region) or are now 
entering (West Siberia) their last stage of exploration, whereas new deposits in East Siberia are 
only being brought into production. Furthermore, a lot of new deposits, which provide for high 
recovery rates, are profitable a priori as at the first stage of exploration they do not need any arti- 
ficial lift due to their free flow production without any oil well pumps. However, there is a signi- 
ficant share of new deposits with low-permeability reservoirs, which require either a system of 
reservoir pressure maintenance or periodic hydraulic fracturing. At the same time deposits at the 
late stages of exploration, apart from the use of pump units, systems of reservoir pressure mainte-
nance and hydraulic fracturing, require regular repair and restoration, measures against salt and 
heavy oil sediments, mechanical impurities, flooding, etc., which all has a negative effect on well 
profitability. In order to solve these problems, the authors review existing methods and calculate 
specific energy consumption using various pump systems for hypothetical wells, varying in yield. 
According to the research results, it has been revealed that from the point of view of energy effi-
ciency, it is desirable to equip low- and low-yield wells with sucker rod progressive cavity pump 
units, medium-yield ones – with electric progressive cavity pumps driven by permanent magnet 
motor, medium- and high-yield wells – with electric progressive cavity pumps or electric submer- 
sible pumps driven by permanent magnet motor, depending on the characteristics of the pumped- 
out oil fluid. 
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Обоснование выбора винтовых насосных установок  
как энергоэффективной технологии  
механизированной добычи 
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1)Санкт-Петербургский горный университет (Санкт-Петербург, Российская Федерация) 
 
Реферат. В статье проанализированы основные техники и технологии добычи нефтяного 
флюида в условиях значительного роста цен на электроэнергию за последнее десятилетие. 
Отмечен стабильный рост публикаций по теме энергоэффективности. Для российской 
нефтегазодобывающей промышленности актуальна задача снижения энегозатрат при  со-
хранении или даже увеличении темпов производства. Она осложняется тем, что большин-
ство месторождений либо уже вступило (Волго-Уральский регион), либо вступает (Запад-
ная Сибирь) в последнюю стадию разработки, тогда как новые месторождения Восточной 
Сибири еще только вводятся в эксплуатацию. Кроме того, многие новые месторождения, 
обеспечивающие высокий дебет, рентабельны априори, на первом этапе эксплуатации не 
требуют механизации, поскольку разрабатываются фонтанным способом, без использова-
ния скважинных насосных установок. Но при этом немало и новых месторождений с низко-
проницаемыми коллекторами, на которые необходимо воздействовать системой поддержа-
ния пластового давления либо проведением периодически гидравлического разрыва пласта.  
На месторождениях поздней стадии разработки необходимо регулярно осуществлять ре-
монтно-восстановительные работы, вести борьбу с отложениями солей, асфальтосмолопа-
рафинов, механическими примесями, обводнением и пр., что негативно сказывается на рен-
табельности скважин. Для решения этих задач в статье рассмотрены существующие мето-
дики и проведены расчеты удельных энергозатрат при использовании различных насосных 
установок для условных скважин, отличающихся дебитом. По результатам исследований 
выявлено, что с точки зрения энергоэффективности низко- и малодебитные скважины жела-
тельно оснащать штанговыми винтовыми насосными установками, среднедебитные – элек-
тровинтовыми с вентильными двигателями, средне- и высокодебитные – электровинтовыми 
или электроцентробежными в зависимости от характеристик выкачиваемого нефтяного 
флюида. 
 

Ключевые слова: насосная установка, энегетическая эффективность, погружной электиче-
ский двигатель, вентильный двигатель, низкодебитная скважина, среднедебитная скважина, 
энергетические затраты, обводненная нефть, трудноизвлекаемые запасы 
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Introduction 
 

The last decade is characterized by a spike of interest in energy efficient 
technologies [1–5], which is reflected in the publication activity according to the 
data from the scientific electronic library (www.elibrary.ru), presented in Fig. 1. 
Ultimately, it can be explained by the motivation of the industry to reduce  
specific energy consumption due to a significant increase in electricity  
rates (according to Fig. 2, within 12 years from 2008 to 2020 they increased by  
a factor of 3.57) and, as a result, due to rising production costs. 
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Fig. 1. Analysis of publication activity using keyword “energy efficiency” 
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Fig. 2. Electricity rates 

 
Although in general issues of rational consumption of energy and other  

resources in the process of oil and gas recovery never lose their topicality,  
since 2008 they have become particularly acute. This was clearly demonstrated 
by the global oil crisis of 2020, when for many oil producing companies (espe-
cially in Russia and in the US) the cost of oil barrel exceeded its contract prices. 
With this in mind, nowadays Russian oil and gas producing companies need  
to accelerate the reduction of energy consumption while preserving, or even  
increasing, production rates. 

The task is complicated by the fact that the majority of deposits in Russia  
either have already entered (primarily, Volga-Ural region) or are now entering 
(West Siberia) their last stage of exploration, whereas new deposits in East  
Siberia are only being brought into production. Furthermore, a lot of new depo- 
sits, which provide for high recovery rates, are profitable a priori as at the first 
stage of exploration they do not need any artificial lift due to their free flow pro-
duction without any oil well pumps. However, there is a significant share  
of new deposits with low-permeability reservoirs [6], which require either  
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a system of reservoir pressure maintenance (RPM) or periodic hydraulic fractu- 
ring (HF). At the same time deposits at the late stages of exploration, apart from 
the use of pump units, RPM systems and HF, require regular repair  
and restoration, measures against salt and heavy oil sediments, mechanical  
impurities, flooding, etc., which all has a negative effect on well profitabi- 
lity [7–17]. For instance, as it is seen from Fig. 3, energy consumption at the 
stage of oil fluid lift accounts for about half of total energy consumption in the 
process of oil fluid extraction. 

 

       
 

Fig. 3. The structure of energy consumption for 3rd and 4th exploration stages  
of oil fluid recovery 

 
As follows from Fig. 3, the major share (56.7 %) in the structure of energy 

consumption is taken up by the lift of oil fluid from the wells. Hence the best 
results of energy efficiency improvement can be obtained in this area. 

Energy efficiency directly depends on the performance factors of all the ele-
ments in a pump unit. Therefore, the higher the performance factor, the greater 
energy efficiency, i. e. the lower energy consumption of the oil fluid lift. 

Currently most operating wells [18, 19] are equipped with electric submer- 
sible pumps (ESP) – around 66 % (99.457 wells in 2018); then followеd by 
sucker rod pumps (SRP) – around 30 % (45.571 wells in 2018); other equipment 
(screw and diaphragm pumps, ejectors, gas lifts, hydraulic pulsers etc.) account 
for approximately 4 %. From the position of energy efficiency and production  
potential, the most promising equipment is progressive cavity pumps (either 
driven by submersible electric motor or using a sucker rod drive). In 2018 they 
were utilized approximately in 1.600 wells. And their number is rising every 
year due to the necessity to lift heavy viscous oil and the growing number  
of wells classified as low-yield.  

Let us assembly-by-assembly consider energy losses for four types of pump 
units, viz. ESP, SRP, electric progressive cavity pumps (EPCP) and sucker rod  
progressive cavity pumps (SRPCP).  

The structure of losses will be identical for ESP and EPCP systems, as the 
only difference between them is in the pump design. It should also be noted that 
the efficiency factor of ESP systems varies in a wide range depending on the 
necessary feed – from 25 % at 15 m3/day yield to 68 % at 700 m3/day yield, 
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which leads to high specific energy consumption. The impact of feed on EPCP 
efficiency factor is not that significant. 

 

/  + ,ESP EPCP uc ef ldu pr sem cl tr cs gs ifP P P P P P P P P P P                   
 

where Puc – useful capacity of the pump; Pef – power losses, defined by the  
efficiency factor; Pldu – power losses in the letdown unit; Ppr – losses in the 
protector; Psem – losses in the submersible electric motor; Pcl – losses in the 
cable line; Ptr – losses in the transformer; Pcs – losses at the control station; 
Pgs – losses in the group socket; Pif – losses in the inlet filter [20–26]. 

Calculation of SRP energy consumption is complicated by the system's  
constant time variation, associated with the recurring pumping cycle; still  
a general expression can be defined as follows [27]:  

 

,          SRP uc cs em red pj SRPP P P P P P P  
 

where Pem –  losses in the electric motor; Pred – losses in the reduction gear; 
Ppj  – losses in the pumpjack; PSRP – power losses in the pump. 

Power losses of the SRPCP system depend primarily on the characteristics of 
oil fluid and the presence of mechanical impurities [28, 29] 

 

,SRPCP uc cs em red rs PCPP P P P P P P            
 

where Prs – losses from the rotation of rod string in the fluid and friction on the 
inner tubing wall; PPCP – power losses in the pump. 

Let us compare calculations of specific energy consumption for the above 
mentioned pump units depending on specific well conditions. 

Specific energy consumption is estimated using the following formula: 
 

. ,sp vol
h

P
P

Q T
  

 

where Р – energy from the grid, kW·h; Qh – hourly volumetric yield, m3/h;  
T – time, h. 

The following main parameters, presented in Tab. 1, were selected as condi-
tions. It should be noted that the values of these parameters are hypothetical and 
are assigned solely for the purpose of comparative calculations. 

Table 1  
Parameters of compared wells 

 

Parameter 
Well scenario 

1 2 3 

 Yield 15 50 100 

 Pump setting depth 1.100 1.100 1.100 

 Oil fluid density (oil + water) 950 950 950 

 Oil fluid viscosity, Pa·s 2.2 2.2 2.2 
   

After assigning the parameters, comparative calculations of consumed ener-
gy and specific energy consumption were calculated for each well scenario using 
the methods described above. Calculation results are presented in Tab. 2. 
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Table 2  
Calculation results of specific volumetric energy consumption  

for different types of pump units, kW·h/m3 

 

No 
Electric 

submersible pump  
unit (SEM/PMM) 

Sucker rod  
pump unit 

Electric progressive  
cavity pump unit 

(SEM/PMM) 

Sucker rod  
progressive cavity 

pump unit 
1 37.53/25.07 17.62 28.34/15.40 9.05 
2 11.62/9.84 7.35 8.89/6.54 7.70 
3 7.21/6.49 – 5.58/4.48 7.47 

 

As it is seen from the calculation of specific volumetric energy consump- 
tion (Tab. 2, Fig. 4), there is a significant difference between pump units. Relia-
bility of calculation results is confirmed by practical measurements from the 
wells, presented by V. I. Tarasov, M. N. Kaverin, S. B. Yakimov in paper [17].  

 

 
Well scenarios 

 

 
 

Fig. 4. Calculation results of specific volumetric energy consumption  
for different types of pump units 

 
ESP systems are characterized by maximum energy consump- 

tion (37.53/25.07 kW·h/m3) in the process of low-yield (15 m3/day) well explo-
ration; with an increase in the volume of pumped fluid it drops significantly. 
This is explained by the fact that ESP efficiency factor varies in a wide range, 
from 15 to 70 % depending on the typical size, reaching the maximum  
at 700–800 m3/day, as shown in paper [30]. It implies that this type of systems  
is optimal for high-yield wells (over 50 m3/day). At the same time even the  
application of state-of-the-art permanent magnet motors (PMM) brings no sig-
nificant changes to the overall picture, providing an economy of 33.03 % under 
the first scenario, 15.32 % under the second one and 9.08 % under the third one, 
but still demonstrating a high level of energy consumption compared to other 
pump systems. The effect at low-yield fields can be increased with the use of 
small energy efficient ESP units (2A, 3), but all their advantages are derailed by 
high costs of the equipment, which prolong the payback period by several years.   

The application of SRP units produces a much better effect than introduction 
of PMM: 53.03 % under the first scenario and 36.75 % under the second one. 
The third scenario was not calculated, as it cannot be implemented at oil wells 
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producing more than 50 m3/day due to strict design limitations of the pump unit. 
It should be noted that the calculations imply the use of a conventional pumpjack 
as a top drive, which does not lead to optimal energy efficiency parameters.  
The use of chain drives (CD) or hydraulic drives of “Geyser” or “Ob” types  
provides an economy of about 20 %, but the problems, associated with operating 
costs (CD) or climate (hydraulic drive), put restrictions on their wide application.  

The assembly itself is practically identical for ESP and EPCP units, but there 
is a basic distinction in the principle of pump operation, therefore pumps driven 
by SEM and PMM are to be compared separately. Analysis shows that, in case 
of SEM use, EPCP is more energy efficient than ESP – by 24.48 % under the 
first scenario, by 23.43 % under the second one and by 22.61 % under the third 
one. Comparison of PMM-driven pump units produced the results of 38.57 % 
for the first scenario, 33.56 % for the second one and 30.97 % for the third one. 
It is clear that energy efficiency of EPCP is higher than that of ESP, both for 
SEM and PMM, but a large-scale replacement does not seem feasible due to 
technological limitations. 

It is evident that in terms of energy efficiency SRPCP is practically unrivaled 
among the pump units suitable for low-yield wells (Tab. 3). In case of yield  
over 50 m3/day (scenario 2), the situation is not that straightforward, but SRP  
is rarely if ever used under such conditions, and EPCP is quite expensive, so it  
is easier and cheaper to install SRPCP. In case of 100 m3/day (scenario 3)  
the calculations reveal negative comparative energy efficiency. 

 

Table 3  
Comparison of SRPCP to other pump systems in terms of specific energy consumption  

(on a percentage basis)  
 

No 
Electric  

submersible pump  
unit (SEM) 

Electric  
submersible pump  

unit (PMM) 

Sucker rod 
pump unit 

Electric  
progressive cavity 

pump (SEM) 

Electric  
progressive cavity 

pump (PMM) 

1 75.89 63.90 48.64 68.07 41.23 

2 33.73 21.75 –4.76 13.39 –17.74 

3 –3.61 –15.10 – –33.87 –66.74 

 
In Russia progressive cavity pumps (with both submersible and sucker rod 

drives) are not yet widely used despite their apparent advantages, espe- 
cially from the viewpoint of energy efficiency in the wells, producing less  
than 50 m3/day. 

SRPCP does not have many drawbacks, but they are quite significant: 
1) a stator elastomer in PCP units gets quickly destroyed when oil fluid con-

tains СО2 and H2S, it swells from the water and wears off by rubbing with  
mechanical particles. Nowadays there is quite a diversity of rubber stocks for 
every type of problem, i. e. a competent choice is required to select the material 
of stator insert. Abroad such universal materials as UltraFlex-157, hydrogenated 
high-nitrile soft (HHNS) and high-nitrile hard (HNH) elastomers are widely 
used. Besides, full-steel rotor/stator couples and twin screw pumps (similar to 
multiphase pumps) come into operation; 

2) restrictions regarding the depth of pump suspension, caused by the dura-
bility of the rod string. Unfortunately, Russia does not produce sucker rods  
that can resist high-torque load. Hence, there is the limit of 1.000–1.200 m.  
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At the same time it is understood that foreign SRPCP systems can go 3.000 m 
down the hole and lower. 

Advantages are more numerous: independence of the pressure head from  
rotor speed; high absorbing capacity; absence of valves; uniform rate of injec-
tion; low quantities of metal in the pump design.  

With this in mind, the major advantage of SRPCP (same as EPCP) is the 
possibility to lift viscous heavy bitumen oil. 

In 1990s Russia actively introduced SRPCP systems, of both domestic  
and foreign production, but due to unsatisfactory selection of rotor/stator coup- 
les, their tightness, rod string assembly their implementation was practically 
cancelled. 

 
СONCLUSION 
 

To sum it up, the following conclusions can be drawn from the position  
of energy efficiency: low-yield wells need to be equipped with sucker rod pro-
gressive cavity pumps; low- and middle-yield wells require electric progressive 
cavity pumps, driven by permanent magnet motor; for middle- and high-yield 
wells the best fit is either electric progressive cavity pumps or electric submer- 
sible pumps, driven by permanent magnet motor, depending on the oil fluid. 
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