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An�l�sis �f th� im���t �f fr�qu�n�� ��nv�rt�rs �n �qui�m�nt
�n�rg� �ffi�i�n��

M. St���n�v
I.N. Ulianov Chuvash State University, Cheboksary, Russia

This article analyzes the impact of frequency converters (FC) on the energy efficiency of equipment in
the oil and gas sector. It discusses the main aspects, including reducing electricity consumption,
improving operational reliability, and extending the service life of equipment. Environmental
considerations and the importance of integrating modern technologies in the context of sustainable
development are discussed, alongside the economic benefits of such implementations. Examples from
companies are provided to illustrate the significance of FC as a tool for enhancing competitiveness and
reducing costs in the oil and gas industry.
Keywords: frequency converters (FC), energy efficiency, oil and gas sector, equipment, optimization,
technologies, sustainable development.

Анализ влияния применения частотных преобразователей
на энергоэффективность оборудования

М. Степанов
Чувашский государственный университет имени И.Н. Ульянова, Чебоксары, Россия

В статье анализируется влияние применения частотных преобразователей (ЧП) на
энергоэффективность оборудования в нефтегазовой сфере. Рассмотрены основные аспекты,
включая снижение потребления электроэнергии, улучшение надежности работы и продление
срока службы оборудования. Обсуждаются экологические аспекты и важность внедрения
современных технологий в контексте устойчивого развития отрасли, а также экономические
преимущества такого использования. Приведены примеры компаний, подтверждающих своим
опытом значимость ЧП как инструмента для повышения конкурентоспособности и снижения
затрат в нефтегазовом секторе.
Ключевые слова: частотные преобразователи (ЧП), энергоэффективность, нефтегазовая
сфера, оборудование, оптимизация, технологии, устойчивое развитие.

Intr�du�ti�n
En�rgy �ffici�ncy is 	n imp�rt	nt 	sp�ct �f m	nuf	cturing 	nd industri	l pr�c�ss�s,

�sp�ci	lly in �n�rgy-int�nsiv� s�ct�rs such 	s �il 	nd g	s. In th� c�nt�xt �f clim	t� ch	ng� 	nd
incr�	sing d�m	nds f�r sust	in	bl� d�v�l�pm�nt, �ptimizing �n�rgy c�nsumpti�n is �f
p	r	m�unt imp�rt	nc�. On� �ff�ctiv� t��l f�r 	chi�ving this g�	l is fr�qu�ncy c�nv�rt�rs (F�),
which c	n signific	ntly �nh	nc� th� �p�r	ti�n	l �ffici�ncy �f �quipm�nt 	nd r�duc� �p�r	ting
c�sts.

In th� �il 	nd g	s s�ct�r, wh�r� �quipm�nt �p�r	t�s und�r �xtr�m� c�nditi�ns 	nd
r�quir�s high r�li	bility, th� 	pplic	ti�n �f F� c	n h	v� 	 subst	nti	l imp	ct �n �v�r	ll �n�rgy
�ffici�ncy 	nd r�s�urc� s	vings. Th� 	im �f this 	rticl� is t� 	n	lyz� th� influ�nc� �f F� �n th�
�n�rgy �ffici�ncy �f �quipm�nt in th� �il 	nd g	s s�ct�r.
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M�in ��rt. Fr�qu�n�� ��nv�rt�rs
In th� f	c� �f r	pidly gr�wing d�m	nds f�r sust	in	bl� d�v�l�pm�nt 	nd �n�rgy

�ffici�ncy, m�d�rn industri	l t�chn�l�gi�s must c�ntinu�usly �v�lv� t� m��t th�s�
r�quir�m�nts. On� �f th� m	in t��ls f�r 	chi�ving signific	nt impr�v�m�nts in �n�rgy
m	n	g�m�nt is F�. Th�s� d�vic�s pr�vid� pr�cis� c�ntr�l �v�r th� sp��d 	nd fr�qu�ncy �f
�l�ctric m�t�rs, dir�ctly 	ff�cting th� �ffici�ncy 	nd �c�n�my �f pr�ducti�n pr�c�ss�s.
Acc�rding t� 	 study c�nduct�d by th� Int�rn	ti�n	l En�rgy Ag�ncy, th� impl�m�nt	ti�n �f F�
c	n l�	d t� 	 r�ducti�n in �l�ctricity c�nsumpti�n by 20–50% in syst�ms utilizing pumps 	nd
f	ns (fig.) [1].

Figur�. R�ducti�n in �l�ctricity c�nsumpti�n with F�

In th� �il 	nd g	s industry, th� 	pplic	ti�n �f th�s� t�chn�l�gi�s 	ll�ws f�r signific	nt
r�ducti�ns in �p�r	ting c�sts 	nd impr�v�d pr�c�ss m	n	g�m�nt. Th� �p�r	ting principl� �f 	
F� is b	s�d �n 	 c�mpl�x pr�c�ss th	t inv�lv�s th� c�nv�rsi�n �f 	lt�rn	ting curr�nt (A�) t�
dir�ct curr�nt (D�) 	nd th�n b	ck t� 	lt�rn	ting curr�nt (A�) with 	 ch	ng�d fr�qu�ncy. Th�
first st	g� inv�lv�s th� r�ctific	ti�n �f th� A� input v�lt	g�, which is c�nv�rt�d int� 	 D�
v�lt	g� using 	 r�ctifi�r. This D� v�lt	g� is th�n sm��th�d t� r�m�v� 	ny rippl�s �r
fluctu	ti�ns. Th� s�c�nd st	g� inv�lv�s th� c�nv�rsi�n �f th� D� v�lt	g� int� 	 high-fr�qu�ncy
A� v�lt	g� using 	n inv�rt�r. This high-fr�qu�ncy A� v�lt	g� is th�n tr	nsf�rm�d int� 	
v�lt	g� with th� d�sir�d fr�qu�ncy 	nd 	mplitud� using 	 tr	nsf�rm�r. Th� fin	l st	g� inv�lv�s
th� c�nv�rsi�n �f th� high-fr�qu�ncy A� v�lt	g� b	ck int� 	 l�w-fr�qu�ncy A� v�lt	g� with
th� d�sir�d fr�qu�ncy 	nd 	mplitud�. This is 	chi�v�d using 	 c�nv�rt�r, which �nsur�s th�
st	bility 	nd sinus�id	lity �f th� �utput v�lt	g� [2]. This 	lg�rithm 	ll�ws f�r pr�cis� c�ntr�l
�f th� m�t�r's r�t	ti�n	l sp��d, which is p	rticul	rly imp�rt	nt f�r pr�c�ss�s th	t r�quir�
fl�xibility 	nd 	ccur	cy. Such 	 m�ch	nism c�ntribut�s t� th� �ptimiz	ti�n �f its �p�r	ti�n 	nd
r�ducti�n �f �n�rgy c�nsumpti�n.

On� �f th� m	in f�	tur�s �f F� is th�ir 	bility t� 	djust th� fr�qu�ncy 	nd v�lt	g� 	t th�
�utput, which 	ll�ws y�u t� fl�xibly ch	ng� th� sp��d �f th� m�t�r d�p�nding �n curr�nt
t�chn�l�gic	l n��ds. Th�y 	ls� �ff�r high int�gr	ti�n c	p	biliti�s with �th�r c�ntr�l syst�ms,
m	king th�m �ff�ctiv� in c�mpl�x 	ut�m	t�d pr�c�ss�s. An�th�r imp�rt	nt distinguishing
f�	tur� is th�ir influ�nc� �n �n�rgy c�nsumpti�n. Thr�ugh m�r� �ffici�nt sp��d 	nd l�	d
m	n	g�m�nt, F� c	n signific	ntly r�duc� �l�ctricity c�nsumpti�n, l�	ding t� subst	nti	l
s	vings 	nd d�cr�	s�d �p�r	ting c�sts. Th�r� 	r� s�v�r	l m	in typ�s �f F�, �	ch with its �wn
	dv	nt	g�s 	nd pr�f�rr�d 	r�	s �f 	pplic	ti�n (t	bl. 1) [3].
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T	bl� 1
�	in typ�s �f F�

T��� FK Adv�nt�g�s Pr�f�rr�d ���li��ti�n �r��s
F� with puls�
width m�dul	ti�n

High �ffici�ncy, sm��th c�ntr�l,
l�w h	rm�nics.

V�ntil	ti�n syst�ms, pumping units,
c�nv�y�rs.

F� with v�ct�r
c�ntr�l

Pr�cis� t�rqu� 	nd sp��d c�ntr�l,
high dyn	mics

Driv�s with high dyn	mic r�quir�m�nts,
m	chin� t��ls

F� with dir�ct
c�ntr�l

F	st r�sp�ns�, high c�ntr�l
	ccur	cy, �xc�ll�nt p�rf�rm	nc�

Applic	ti�ns r�quiring inst	nt r�	cti�n 	nd
pr�cisi�n, such 	s �l�ctric tr	ins, lifting
m�ch	nisms

F� with
multip	r	m�tric
c�ntr�l

�ulti-ch	nn�l s�tup, fl�xibility in
m	n	g�m�nt, int�gr	ti�n with
�th�r syst�ms.

��mpl�x 	ut�m	t�d pr�c�ss�s, industri	l
	ut�m	ti�n.

F� with int�gr	t�d
n�tw�rk filt�r

R�duc�d �l�ctr�m	gn�tic
int�rf�r�nc�, impr�v�d h	rm�nic
r�sp�ns�

Applic	ti�ns in int�rf�r�nc�-s�nsitiv�
	r�	s such 	s m�dic	l �quipm�nt,
inf�rm	ti�n syst�ms

St	t� �f F� with
int�llig�nt c�ntr�l

Aut�m	tic p	r	m�t�r s�tting, s�lf-
di	gn�sis, r�m�t� m�nit�ring

Applic	ti�ns r�quiring 	 high d�gr�� �f
	ut�m	ti�n 	nd r�m�t� c�ntr�l, such 	s
sm	rt buildings, �n�rgy m	n	g�m�nt
syst�ms

In th� f	c� �f incr�	sing d�m	nds f�r sust	in	bl� d�v�l�pm�nt 	nd r�ducti�n �f th�
c	rb�n f��tprint, �ff�ctiv� �n�rgy m	n	g�m�nt is b�c�ming n�t �nly d�sir	bl�, but 	ls� 	
n�c�ss	ry pr	ctic�. Du� t� th�ir 	bility t� pr�cis�ly c�ntr�l 	nd r�gul	t� �quipm�nt �p�r	ti�ns,
F� pr�vid� �ss�nti	l t��ls f�r 	chi�ving th�s� g�	ls. Thus, und�rst	nding th� b	sics �f th�ir
�p�r	ti�n 	nd 	pplic	ti�n in v	ri�us industri�s is 	n imp�rt	nt st�p t�w	rds m�r� �ffici�nt 	nd
sust	in	bl� us� �f �n�rgy r�s�urc�s.

En�rg� �ffi�i�n�� in th� �il �nd g�s industr�
Th� 	bility �f �quipm�nt 	nd pr�c�ss�s t� minimiz� �n�rgy c�nsumpti�n 	t m	ximum

p�rf�rm	nc� is c	ll�d �n�rgy �ffici�ncy. This is 	 critic	l 	sp�ct 	s �il 	nd g	s c�mp	ni�s f	c�
high �l�ctricity c�sts, which dir�ctly 	ff�ct th�ir c�mp�titiv�n�ss 	nd pr�fit	bility.

Th� m	in f	ct�rs 	ff�cting th� �n�rgy �ffici�ncy �f �quipm�nt in th� �il 	nd g	s s�ct�r
includ� s�v�r	l 	sp�cts. Th� t��� �nd ��nditi�n �f th� �qui�m�nt its�lf �r� �ru�i�l. Old 	nd
in�ffici�nt �quipm�nt �ft�n c�nsum�s m�r� �n�rgy 	nd r�duc�s �v�r	ll pr�ductivity, m	king
inv�stm�nts in m�d�rniz	ti�n �xtr�m�ly imp�rt	nt. M�n�g�m�nt �r���ss�s pl	y 	 signific	nt
r�l� in �ptimizing �n�rgy �xp�nditur�s. Int�llig�nt c�ntr�l syst�ms th	t c	n 	d	pt t� ch	nging
�p�r	ting c�nditi�ns �nsur� m�r� r	ti�n	l r�s�urc� us�. O��r�ting ��nditi�ns signific	ntly
	ff�ct �n�rgy �ffici�ncy [4]. Ext�rn	l f	ct�rs such 	s t�mp�r	tur� 	nd humidity c	n imp	ct
�quipm�nt p�rf�rm	nc�, s� c�nsid�ring th�s� c�nditi�ns in th� d�sign 	nd �p�r	ti�n �f syst�ms
is �ss�nti	l f�r minimizing �n�rgy l�ss�s.

Th� us� �f m�d�rn t�chn�l�gi�s, such 	s F� 	nd �n�rgy r�c�v�ry syst�ms, c	n
signific	ntly �nh	nc� �p�r	ti�n	l �ffici�ncy. Impl�m�nting such s�luti�ns n�t �nly r�duc�s
c�sts but 	ls� c�ntribut�s t� m�r� sust	in	bl� d�v�l�pm�nt f�r th� c�mp	ny, minimizing its
n�g	tiv� �nvir�nm�nt	l imp	ct.

A��li��ti�n �f FK in th� �il �nd g�s s��t�r
Th� us� �f F� in th� �il 	nd g	s s�ct�r h	s b�c�m� 	 cruci	l st�p in �nh	ncing �quipm�nt

�n�rgy �ffici�ncy 	nd �ptimizing pr�ducti�n pr�c�ss�s. Th�y 	ll�w f�r th� r�gul	ti�n �f sp��d

https://vestnikvivt.ru


Вестник Воронежского института высоких технологий /
�ull�tin �f th� V�r�n�zh Institut� �f High T��hn�l�gi�s

2024;18(3)
htt�s://v�stnikvivt.ru

4 | 6

	nd t�rqu� �f �l�ctric m�t�rs, which is p	rticul	rly r�l�v	nt f�r �quipm�nt �p�r	ting und�r
v	rying l�	ds.

In pump st	ti�ns, f�r �x	mpl�, F� �r�vid� �r��is� ��ntr�l �v�r fluid d�liv�r�. This
n�t �nly minimiz�s �l�ctricity c�nsumpti�n but 	ls� r�duc�s hydr	ulic l�ss�s. Wh�n c�nditi�ns
ch	ng�, such 	s pr�ssur� fluctu	ti�ns �r liquid d�m	nd, c�nv�rt�rs 	ut�m	tic	lly 	djust th�
pump sp��ds, pr�v�nting unn�c�ss	ry �n�rgy �xp�nditur�s. In c�mpr�ss�r inst	ll	ti�ns, th� us�
�f F� 	ls� brings signific	nt 	dv	nt	g�s. R�gul	ting th� sp��d �f ��m�r�ss�rs �ll�ws f�r r��l-
tim� m�int�n�n�� �f r�quir�d �r�ssur� �nd ��rf�rm�n��, �limin	ting unn�c�ss	ry
�quipm�nt �p�r	ti�n 	nd, c�ns�qu�ntly, �xc�ss �l�ctricity c�sts. This is �sp�ci	lly imp�rt	nt
und�r v	ri	bl� l�	d c�nditi�ns, wh�r� p�rf�rm	nc� r�quir�m�nts m	y shift thr�ugh�ut th�
w�rking d	y.

��ch	nic	l �quipm�nt, such 	s m�t�rs 	nd g�	rb�x�s, 	ls� b�n�fits fr�m th�
impl�m�nt	ti�n �f F� [5]. Sm��th st�rting �nd st���ing �f m�t�rs n�t �nl� r�du��
m��h�ni��l l��ds but �ls� minimiz� st�rting �urr�nts, l�	ding t� l�ss w�	r �n �quipm�nt
	nd 	n �xt�nd�d lif�sp	n. Int�gr	ting th�s� d�vic�s int� 	ut�m	t�d c�ntr�l syst�ms �nh	nc�s
m	n	g�m�nt pr�c�ss�s 	nd 	ll�ws f�r m�r� 	ccur	t� m�nit�ring 	nd di	gn�stics �f �quipm�nt
p�rf�rm	nc�. This �n	bl�s pr�dictiv� m	int�n	nc�, wh�r� p�t�nti	l f	ilur�s c	n b� d�t�ct�d
b�f�r� th�y l�	d t� signific	nt br�	kd�wns. Thus, c�mp	ni�s c	n minimiz� d�wntim� 	nd
incr�	s� �v�r	ll pr�ductivity.

Th� �n�rg� s�vings 	chi�v�d thr�ugh th� us� �f F� 	ls� l�	d t� r�du��d ��rb�n
�missi�ns, which is critic	l in light �f tight�ning �nvir�nm�nt	l st	nd	rds. D�cr�	sing �n�rgy
c�nsumpti�n r�sults in l�w�r c	rb�n �missi�ns, impr�ving th� �c�l�gic	l situ	ti�n 	nd h�lping
c�mp	ni�s m��t m�d�rn �nvir�nm�nt	l pr�t�cti�n r�quir�m�nts.

Th� impl�m�nt	ti�n �f F� in th� �il 	nd g	s s�ct�r brings num�r�us b�n�fits. Th�s�
d�vic�s pr�vid� fl�xibility in m	n	ging t�chn�l�gic	l pr�c�ss�s, 	ll�wing f�r �ptimiz�d
�l�ctricity c�nsumpti�n 	nd �xt�nd�d c�mp�n�nt lif�sp	ns. T	bl� 2 summ	riz�s th� m	in
	dv	nt	g�s �f using F� in this industry [6, 7].

T	bl� 2
�	in 	dv	nt	g�s �f using F�

Adv�nt�g� E��n�mi� ��ns�qu�n��s Envir�nm�nt�l im���ts
En�rgy �ffici�ncy R�ducti�n �f �l�ctricity c�nsumpti�n

du� t� 	d	ptiv� 	djustm�nt �f th�
�p�r	ting sp��d �f th� �quipm�nt.

R�ducing �n�rgy c�nsumpti�n l�	ds t�
	 r�ducti�n in �missi�ns �f �O2 	nd
�th�r p�llut	nts.

R�duc�d
�p�r	ting c�sts

R�ducti�n �f �quipm�nt w�	r, which
r�duc�s th� c�st �f r�p	ir 	nd
r�pl	c�m�nt �f p	rts.

Th� dur	bility �f th� �quipm�nt h�lps
t� r�duc� th� n��d t� m	nuf	ctur� n�w
d�vic�s, which r�duc�s th�
�nvir�nm�nt	l f��tprint.

R�ducti�n �f
inrush curr�nts

Sm��th st	rt-up r�duc�s th� l�	d �n
th� p�w�r grid 	nd pr�v�nts p�w�r
surg�s, which r�duc�s th� risk �f
br�	kd�wns 	nd 	ccid�nts.

F�w�r p�w�r surg�s c�ntribut� t� m�r�
st	bl� �p�r	ti�n �f th� p�w�r grid,
which m	y indir�ctly 	ff�ct th�
r�ducti�n �f th� �nvir�nm�nt	l imp	ct
�f p�w�r pl	nts.

Optimizing th�
�p�r	ti�n �f
syst�ms

Eff�ctiv� m	n	g�m�nt �f pr�c�ss�s
	nd r�s�urc�s l�	ds t� �v�r	ll c�st
s	vings 	nd incr�	s�d pr�ductivity.

Us� �f r�s�urc�s h�lps t� r�duc� th�
c�mp	ny's �v�r	ll c	rb�n f��tprint.

L�	d
m	n	g�m�nt

It 	ll�ws y�u t� b�tt�r m	n	g� ch	ng�s
in l�	ds, which c�ntribut�s t� 	 m�r�
�ffici�nt distributi�n �f �n�rgy.

Effici�nt �n�rgy distributi�n r�duc�s
th� n��d f�r 	dditi�n	l �n�rgy s�urc�s,
�ft�n m�r� p�lluting.
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Th� us� �f F� in th� �il 	nd g	s s�ct�r brings signific	nt b�n�fits in b�th �c�n�mic 	nd
�nvir�nm�nt	l 	sp�cts. Th� impl�m�nt	ti�n �f th�s� d�vic�s c�ntribut�s t� 	 m�r� sust	in	bl�
d�v�l�pm�nt �f th� industry, c�mbining s	vings with �nvir�nm�nt	l 	dv	nt	g�s.

As 	n �x	mpl� �f th� p�sitiv� imp	ct �f using F� �n �nh	ncing �quipm�nt �n�rgy
�ffici�ncy, w� c	n c�nsid�r th� �xp�ri�nc� �f H�lliburt�n. Th� us� �f F� 	ll�w�d f�r 	
r�ducti�n in �l�ctricity c�nsumpti�n 	nd 	 d�cr�	s� in c	rb�n �missi�ns [8]. Th� us� �f 	 F�
h�lp�d 	chi�v� th�s� r�sults by m�nit�ring �quipm�nt p�rf�rm	nc� in r�	l-tim�, 	ll�wing f�r
th� d�t�cti�n �f p�t�nti	l pr�bl�ms b�f�r� th�y �ccur. Th� F� pr�v�nts �n�rgy l�ss�s 	nd
r�duc�s th� lik�lih��d �f �quipm�nt f	ilur�. Sch�duling m	int�n	nc� 	ctiviti�s during p�ri�ds
�f l�w �n�rgy c�nsumpti�n 	ls� h�lps r�duc� �n�rgy c�nsumpti�n 	nd �missi�ns. H	lliburt�n's
�xp�ri�nc� d�m�nstr	t�s th� p�t�nti	l �f th� Fr�qu�ncy ��nv�rt�r t� impr�v� �n�rgy �ffici�ncy
	nd r�duc� �nvir�nm�nt	l imp	ct.

An�th�r c�mp	ny, K�n���Philli�s, utiliz�s F� t� m	n	g� th� sp��d �f pumps 	nd f	ns
in its pr�ducti�n pr�c�ss�s. Th� intr�ducti�n �f th�s� t�chn�l�gi�s h	s l�d t� 	 d�cr�	s� in
�l�ctricity c�nsumpti�n, 	s w�ll 	s 	 d�cr�	s� in �quipm�nt w�	r [9]. Ov�r	ll, th� 	d�pti�n �f
F� in c�mp	ny pr�c�ss�s signific	ntly r�duc�s �p�r	ting c�sts 	nd supp�rts th�ir
�nvir�nm�nt	l initi	tiv�s.

K�n�lusi�n
Th� 	n	lysis �f th� imp	ct �f 	pplying F� �n th� �n�rgy �ffici�ncy �f �quipm�nt in th�

�il 	nd g	s s�ct�r d�m�nstr	t�s signific	nt p�t�nti	l f�r �ptimizing pr�ducti�n pr�c�ss�s. Th�
us� �f th�s� d�vic�s n�t �nly r�duc�s �l�ctricity c�nsumpti�n but 	ls� impr�v�s th� r�li	bility
	nd �p�r	ti�n	l ch	r	ct�ristics �f �quipm�nt. Sm��th c�ntr�l �f th� sp��d �f pumps,
c�mpr�ss�rs, 	nd �th�r m�ch	nic	l syst�ms 	ll�ws f�r �ff�ctiv� 	d	pt	ti�n t� ch	nging
c�nditi�ns, minimizing l�ss�s 	nd w�	r.

In th� c�nt�xt �f gr�wing d�m	nds f�r sust	in	bl� d�v�l�pm�nt 	nd �nvir�nm�nt	l
r�sp�nsibility, th� impl�m�nt	ti�n �f F� b�c�m�s n�t just 	 str	t�gic st�p but 	 n�c�ssity f�r
c�mp	ni�s s��king t� �nh	nc� th�ir c�mp�titiv�n�ss. Thus, th� us� �f F� in th� �il 	nd g	s
s�ct�r r�pr�s�nts 	n imp�rt	nt t��l f�r 	chi�ving high�r �n�rgy �ffici�ncy, r�ducing c�sts, 	nd
d�cr�	sing c	rb�n f��tprints.
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