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The method of group capacity regulation of centrif-
ugal mechanisms is proposed to solve the problem of
increasing the energy efficiency of thermal power plant
auxiliaries. The method is based on using a group fre-
quency converter for basic capacity regulation of cen-
trifugal mechanisms. Additional regulation is commonly
carried out by throttling, bypassing or changing the guide
vane opening angle.

Analysis of auxiliary power consumption showed that
due to ineffective regulation methods, the share of power
consumption can reach 50 %.

A mathematical model of the centrifugal mechanism that
allows for studying various regulation methods is devel-
oped. The task of finding optimal control parameters for a
group of centrifugal mechanisms that ensure power boil-
er operation is stated and solved. By the results obtained,
it was determined that group capacity regulation of boiler
draft mechanisms is most rational. For the feed pump, an
individual variable-frequency drive shall be used.

In contrast to the individual variable-frequency drive,
the introduction of the group regulation method requires less
investment. This method can significantly reduce the auxil-
iary power consumption of thermal power plants. The pro-
Jected decrease in auxiliary power consumption is 10.7 %.

The results show the high efficiency of the group
capacity regulation of centrifugal mechanisms, so this
method can become a promising direction in increasing
the energy efficiency of thermal power plants
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1. Introduction

The energy industry is the main component of power
consumption, which together with heat supply accounts
for up to 70 % of fuel and power consumption. The share
of world power generation at thermal power plants (TPP)
is about 60 %, so high efficiency of their operation is very
important. This applies to both large TPP and urban and
industrial combined heat and power plants (CHP).

Major power consumers at TPP are centrifugal mecha-
nisms (CM). CM operating modes depend on the operating
modes of major plant equipment. Off-nominal operation of
TPP requires regulation of the CM capacity. Most TPP use
inefficient methods of CM regulation, such as throttling,
bypassing and changing the guide vane opening angle. This
leads to significant auxiliary power consumption. Today, the
most effective method of CM capacity regulation is chang-
ing the impeller speed. For this purpose, fluid couplings or
variable-frequency drive are used. The introduction of such
drives is rather costly, which slows down, and sometimes
makes it impossible to modernize TPP auxiliaries.

The proximity of CM operating modes and characteris-
tics allows implementing group capacity regulation of aux-
iliaries. The essence of this method is that the mechanisms
of the group are powered by a single common frequency
converter. This converter supplies voltage with a group
frequency to the common bus, thus providing basic capacity
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regulation of the mechanisms. Additional regulation of each
of the group mechanisms is performed by existing regulation
methods — changing the guide vane closing angle, throttling
or bypassing.

So, one of the ways to solve the problem of improving the
energy efficiency of TPP auxiliaries in conditions of limited
financial resources is group capacity regulation. Investiga-
tion of CM characteristics and regulation efficiency in order
to assess the feasibility of group capacity regulation deter-
mines the relevance of the given work.

2. Literature review and problem statement

Energy-saving technologies play a major role in improv-
ing energy efficiency. Outdated technologies and equipment
are the reason for the inefficient operation of Ukrainian
thermal power plants, which leads to significant auxiliary
power consumption.

TPP operating mode is the main factor influencing the
operation of the main and auxiliary equipment of the plant.
Off-nominal operation of TPP units leads to a significant
increase in the specific auxiliary consumption of fuel, steam
and power. The paper [1] presents the main factors leading to
inefficient operating modes:

— power system dispatching;

— fuel quality;



— capacity of TPP auxiliaries;

— mechanical damage of operating elements of auxiliaries
and power equipment of the plant;

— high temperature of circulating water in the condenser;

— restrictions on auxiliaries;

— long-term operation of equipment without major re-
pairs and modernization.

When modernizing TPP auxiliaries, it is necessary to
introduce the latest, energy-efficient technologies. The pa-
pers [2, 3] show that the most effective method of TPP CM
capacity regulation is a variable-frequency drive. However,
major TPP auxiliaries have a 3—6 kV high-voltage drive.
The cost of the respective frequency converters is quite high,
so one possible way to solve this problem is group capacity
regulation [4]. The use of such a method can be found in
various industries [5—7]. In the energy sector, this method
is not common, so exploring its feasibility is of considerable
interest.

To assess the effectiveness of various capacity regulation
methods, it is necessary to develop a mathematical model of
CM. The initial data for such a model can be certificates and
operating modes of equipment.

In [8], it is proposed to use similarity laws of CM to re-
calculate their characteristics in different operating modes.
This recalculation can be used for projected power savings
when implementing a variable-frequency drive compared to
throttling.

But the most acceptable are mathematical models based
on approximation of CM certificate characteristics [9—11].
Linearization of CM certificate characteristics [9] sig-
nificantly limits the area where the mathematical model
gives high accuracy of calculations. In [10, 11], a quadratic
approximation of the function of one variable — capacity of
the mechanism is used, but this does not allow using such
models to analyze various methods of CM capacity regula-
tion directly.

More complex mathematical models of CM are based
on fundamental laws of thermodynamics [12]. The use of
such models is not appropriate in the analysis of static
operating modes of CM and analysis of their regulation
efficiency.

Thus, mathematical models of CM based on the approxi-
mation of their certificate data require further development.
The main requirement for such models is to take into ac-
count various methods of CM capacity regulation. The use
of the proposed mathematical models of CM should make it
possible to analyze TPP operating modes and determine the
composition of the CM group for group capacity regulation.
Comparing the effectiveness of var-

— to analyze the auxiliary power consumption of TPP;

— to propose a mathematical model of the centrifugal
mechanism providing for various capacity regulation
methods;

— to calculate optimal control parameters for the group
of centrifugal mechanisms in order to assess the feasibility
of group capacity regulation of TPP CM.

4. Analysis of TPP auxiliary power consumption

The amount of TPP auxiliary power consumption is in-
fluenced by many factors, namely [1]:

— plant type;

— fuel type;

— participation of the plant in covering the power load
schedule;

— plant operating mode;

— technical condition of auxiliaries.

Consider the operating mode of a typical CHP with an
installed capacity of 96 MW, operating according to the
thermal load schedule. CHP is made according to the steam
range-type scheme. Most of thermal power goes for munici-
pal heating and hot water supply.

Fig. 1 presents a diagram of power supply to the grid and
auxiliary power consumption for 2012—-2019. The initial
data were obtained from the CHP automated commercial
power metering system. Since CHP operates according to
the thermal load schedule, the largest values of power supply
fall on the winter months. In summer, power supply values
are minimal, as CHP covers only the thermal load of munic-
ipal hot water supply. During 2014-2019, the operation of
CHP in the summer months was limited, only the hot water
peaking boiler plant operated.

As can be seen from Fig. 1, CHP operates with a low
peak-load effective duration factor. CHP equipment operates
in off-nominal modes, which requires regulation of the CM
capacity. The use of inefficient CM regulation methods leads
to high auxiliary power consumption.

Fig. 2 shows the graph of the share of auxiliary power
consumption during 2012—-2019. The figure shows two char-
acteristic periods:

— winter period, when equipment operates with the
maximum load, the share of auxiliary power consumption
is 25-35 %;

— summer period, when equipment operates in off-nom-
inal, and often in the minimum allowable operating modes,
the share of power consumption can reach 50 %.
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Fig. 1. Auxiliary power consumption and power supply of a typical CHP for 2012—2019
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Fig. 2. Share of auxiliary power consumption of a typical CHP for 2012—2019
(months of operation of generating equipment)

The structure of CHP auxiliary power consumption is
presented in Table 1. The data were obtained using the tech-
nical power metering system.

Table 1

Structure of CHP auxiliary power consumption

Consumer group Tpical Wi er | TYpical sumer
Thermal equipment 60.20 53.24
Feed circuit equipment 18.31 23.41
Draft equipment 15.17 14.53

Hot water peaking boiler plant 2.98 -

Chemical water treatment shop 1.52 5.50
Lighting 0.85 1.87
Other consumers 0.96 1.45

As can be seen from Table 1, a significant share of power
consumption falls on thermal equipment (network pumps
(NP), recirculation pumps and others), which is typical for
low-capacity CHP. The plant has 14 NP with a total in-
stalled capacity of 9 MW. NP are regulated by changing the
number of operating pumps and throttling. In general, CHP
pumps operate in near-optimal modes, with high efficiency,
so do not require the use of variable-frequency drives.

Feed circuit equipment includes feed (FP), condensate
and transfer pumps. With the part-load operation of the
boiler, there is a need for deep capacity regulation of its FP.
At CHP under consideration, FP capacity is regulated by
throttling, which leads to significant overconsumption of
power. Therefore, a more appropriate solution is to introduce
a variable-frequency drive.

The operating modes of the draft equipment — forced-
draft fans (FDF) and induced-draft fans (IDF) also depend
on power boiler operating modes. The capacity of the mech-
anisms of this group is regulated by changing the guide vane
opening angle. This regulation method, as well as throttling,
is ineffective, so there is a need to introduce a frequency-con-
trolled drive.

Thus, one of the possible ways to improve the energy
efficiency of TPP auxiliaries is the introduction of a fre-
quency-controlled CM drive. In addition to power saving,
this regulation method allows for a smooth start of CM with
significant moments of inertia, limiting starting currents,
increasing the drive service life.

The similarity of operating modes and characteristics of
CM that ensure power boiler operation allows using group
capacity regulation for these mechanisms.

by the point of intersection of the head
characteristic of the mechanism and the
network (Fig. 3) [10, 13].

The state of the “centrifugal mech-
anism — network” system, the block di-
agram of which is shown in Fig. 4, is
defined by the following parameters:

— Q — capacity of the mechanism, m?/h;

— H - head developed by the mechanism, m;
—n — impeller speed, rpm;

— f — supply voltage frequency, Hz;

— o — guide vane opening angle, deg.
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Fig. 3. Centrifugal mechanism operation in the network
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Fig. 4. Block diagram of the “centrifugal mechanism-
network” system

The head developed by CM is a function of the mecha-
nism capacity, guide vane opening angle and impeller speed

H=H(Q,0,n), M

and the head loss in the network is a function of flow friction
and flow rates

H,=H,(QE) (2)

The network characteristic (network curve) in the Q-H
coordinates is chosen as a parabola [10], so expression (2) is
used as

H,=EQ" 3

We write the balance equation for the “centrifugal mech-
anism — network” system as



@(0,Q,n8)=H(Q,0,n)-H,(Q,&)=0. 4)

The parameter determining the CM performance is its
efficiency, which depends on the mechanism capacity and its
control parameters

n=n(Q a,n). 5)

Most CM at TPP operate in complex branched hydraulic
networks. There are three ways for CM joint operation in a
network — parallel, sequential, and mixed. So, if the task is
to increase the capacity of mechanisms, parallel operation is
used. To increase the resulting head, CM are switched on se-
quentially. The paper [13] presents the algorithm for finding
the equivalent characteristic of a group of centrifugal mech-
anisms operating on a common network. That is ensured by
sequential convolution of the equivalent circuit using paral-
lel and sequential operation of CM. The characteristic of the
equivalent mechanism is

H=H,(Q3.]). ©)

An example of constructing an equivalent characteristic
of a group of CM operating on a common network is shown
in Fig. 5 [13].
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Fig. 5. Operation of centrifugal mechanisms with a mixed
connection diagram: a — block diagram; b — equivalent
characteristic construction; 1, 2, 3 — characteristics of

mechanisms, 4 — equivalent characteristics of two parallel

mechanisms, 5 — equivalent characteristics of a group of
mechanisms, 6 — network characteristics

In the further analysis of CM operation, it is necessary to
obtain relations (1) and (5). The initial data are CM certifi-
cate characteristics, often presented as graphical dependen-
cies of heads and efficiency on CM capacity and guide vane

opening angle. These characteristics can be approximated by
the function of two variables as follows

S =cy+ex+c,y+cay+cx’ +oy’ (7

To determine the coefficients c;, i=0..5, we use the least
squares method [14]. For this purpose, on the basis of the
initial data, tables of values (ai’Qj’Hij) and (al.,Qj,nl.j) are
taken, where i=1...N, j=1...M, for the nominal impeller
speed of the mechanism 7 at the supply voltage frequency
f0=50 Hz.

Taking into account (7), the restored head and efficiency
functions of CM (1) and (5) are as follows

H(0,Q.n(fy))=hy+ho+hQ+hoaQ+ho’ +hQ%,  (8)
(e Q.n(f,)) =k, +ko+kQ+koQ+ka’ +£Q*.  (9)

There are similarity laws for CM that allow recalculating
its characteristics when the impeller speed changes [4, 10].
According to them, the mechanism capacity is proportional
to the impeller speed, head — to the square of the impeller
speed and power — the cube.

We use the following similarity laws

Q_n (10)

(1)

where Q is the actual CM capacity, m®/h; Qg — nominal CM

capacity, m®/h; H — actual head, m; Hy — nominal head, m
For the squirrel-cage motor drive, the impeller speed

depends on the supply voltage frequency in the ratio

0L
) =L (1-s),

(12)

where /is the supply voltage frequency, Hz; s — slip; p — num-
ber of poles.

That is, applying (10)—(12), according to the known val-
ues of CM head and capacity at the nominal supply voltage
frequency f=fy, they can be found at other frequencies

Qon[:((]j::);) 13)
ren(3)

therefore, after mathematical transformations of expres-
sions (8), (10)—(14), we restore (1) as

h0+h1(x+h2Q~[Z((];))J+

I E

shat-fo (4]

H(oQ.f)=




When the impeller speed changes, the efficiency remains
constant for the new CM head and capacity values, i.e. the
efficiency of the mechanism does not change numerically,
and the efficiency curve is deformed along the Q axis. There-
fore, (9) after mathematical transformations is as follows

ﬁ(oc,Q,f)=k(,+k1oc+k2Q-(’:l((/}’))J+

NCERRNNE|

n(/f)
Expressions (15), (16) can be used to calculate the
stable operation of the “centrifugal mechanism — network”
system and analyze various capacity regulation methods.

(16)

6. Determination of optimal CM group
control parameters and assessing the

where Q=(Q,,..Q,) is the vector of capacity values of net-
work CM implementing Qs; A — range of guide vane open-
ing angles of the group of mechanisms; F — range of supply
voltage frequencies.

The objective function is defined as the weighted average
efficiency of the group of mechanisms

(19)

where P; is the drive power, kW.

Let us solve the problem of optimal control of the group
of MANN-120 boiler draft mechanisms. The range of boil-
er capacity is 60—120 t/h, superheater outlet pressure —
70 kgf/cm?, saturated vapor temperature — 490 °C.

The block diagram of the MANN-120 power boiler is
shown in Fig. 6.
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find the most efficient operating mode
of auxiliaries, which leads to the solu-
tion of optimal control problems. Thus,
for a group of CM operating by the
mixed connection scheme, the follow-
ing problem can be stated [13]:

Problem. Let there be a group of N
operating CM with a mixed connec-
tion with the characteristics

H=H,(Qu,f), i=1...N,

operating on a network with an equivalent flow friction coef-
ficient & The total capacity of the group of mechanisms is Q.
It is necessary to find control parameters G.=(a,...0 ),
/=(/,-.-/) for the group mechanisms, so that the weighted
average efficiency of the group of mechanisms had the max-
imum value.

To solve this problem, it is necessary to construct (calcu-
late) an equivalent characteristic of a group of mechanisms
by equivalent transformations. We introduce the constraint
function, determined by the condition of equivalent mecha-
nism operation on the common network (4) as follows

m(Q;_,a, f)= HE(Q,&, f)—HC(Q): 0. (17)

Then to find the optimal control parameters, it is neces-
sary to solve the following optimization problem

(@7)=ons gy, ¥(@af)
o[} 6.7)=0

(18)

Fig. 6. Block diagram of the MANN-120 power boiler: 1, 2 — forced-draft fans;
3, 4 — induced-draft fans; 5 — feed pump; Qa — air consumption for efficient gas
combustion Qg; Qcp — consumption of combustion products formed as a result of
fuel combustion and air inflows through the boiler body Qy; éac, Ecc — equivalent
flow friction of air and gas circuit parts; @, — boiler capacity; Qs — blowdown feed
water flow; Qrw — feed water flow; &c — equivalent flow friction of the feed circuit;

Q;, where ~1..5 — CM capacity

Boiler operation is provided by a pair of VDN-17-3
forced-draft fans, a pair of DN-18 induced-draft fans and a
Vaice-Zonne 150/100 feed pump.

Based on the certificate characteristics of centrifugal
mechanisms using the least squares method, approximating
expressions (15), (16) were obtained, which after mathemat-
ical transformations look like:

H,,(Q,0,f)=0.108 /% +0.001340* +

+0.049-10°Qf —0.0013-10 0. Qf —
~0.000020.° /2 —0.0432-10°Q?,

n,,(Q o, f)=11.084+1.2830+
+136.203°Qf "' -1.189-10% 0 Qf ' -
-0.01120.* =60.485-10°Q* /2,

H,,(Q,0,/)=0.0676f+0.003410,/> +
+0.0371-10°Qf —0.0014-10" 0. Qf —
~0.000034¢f% —0.00353-10°Q2,



N, (Q 0, £)=13.027 +1.6470.+
+47.895-10°Qf " ~0.536-10° a.Qf ' —
~0.01750> =10.064-10°Q” /2,

H,(Q,f)=0.0619/*-0.0034Qf —0.0011Q",

n,(Q, /) =2.1+59.645Q/ ' ~15.5Q*f .

The mathematical model of the operation of the power
boiler gas-air circuit is described in [15]. Extending it with
the ratios for FP we obtain the following system of equations
describing power boiler operation

Q;=¢Q,—¢,,
Qry =Q, +0Qy,
Q5 =0y
Q,= QgV,? (("F — Ao, +AaAL)><
t,+273
273
Q,=0Q,+Q,,

Hs(stfs)z Hpe (Qs)y
H12(QA’6L’]7):HAC(QA)_HF’
Qep = Qe (Vep + A0V ) x
B,y +273
273
Hy, (Qcp’aj): Hgc (QCP)+HF’
[Qer =Qs +Q,,

(20)

)

where V! — theoretically required amount of air for com-
bustion, m3/m?;

ar — excess air factor of the boiler furnace;

Aayp — air inflows in the boiler furnace and pass;

Aayg — relative air loss in the air heater;

t.o — temperature of cold air in front of the forced-draft
fan, °C.

Vep — volume of combustion products per 1 m? of fuel,
m?/m3;

Ao, — air inflows in the boiler pass and furnace;

9iqr — temperature of combustion products (gases) in
front of the induced-draft fan, °C;

H,.(Q,)=¢,.Q; —head characteristic of the air circuit;

Hio(Qup)=EcQ — head characteristic of the gas
circuit;

H,(Q5)=€,Q: - head characteristic of the feed
circuit;

Hp — furnace draft, Pa;

Eac — equivalent flow friction of the air circuit;

Egc — equivalent flow friction of the gas circuit;

Erc — equivalent flow friction of the feed circuit.

The system of equations (20) sets the required boiler
capacity — Qp. The coefficients V), or Aap Adar, L, Vep,
Qp, Ao, 1pr, Hr, Eac, Ece, Erc are taken from the certificate,
design and reference materials. Unknowns are Q;, o; fj,
where i=1...4, j=1...5, which are determined when solving the
optimization problem. After mathematical transformations,
the system of equations (20) is as follows

—Q.S_Qh_QB=O7
Hs(stfs)_HFc(Qs):O’
Q+Q, _(C1Qb _Cz)VX x
t,+273
273

orafe)L)

_HAC(Q1+Q2)+HF =0,

x((xF—AocF+A0LAL)

2y

O, +273
Q,+0Q; _(C1Qb _CQ)(VCP + AO‘V/?) 1df2;37: ,
o) (/s _
hH34(Q3+Q4’((XJ»(][4JJ_HGC(Q3+Q4)_HF =0.

We write the system of equations (21) in vector form

a(d.6.7)=0, (22)

where
Q: (Qsz’Qa:szQs); a :(0‘1’0(2’0‘3’“4);
A=/ Sor S [ 15)-

The problem of finding optimal control parameters for a
group of centrifugal mechanisms is written as

(7)< ¥(0.7) @
od.6.7)-0
where
o, €A
o, €A,
A=| o, el
o, €A,
o € A;

— restrictions on guide vane opening angle,

fieF
ek
F=|f,eF,

JiekF,

— restrictions on supply voltage frequency.

The problem is solved by the targeted search method.
Changing the parameters a;, fj, iel..4, jel..5, taking into
account the limitations of the optimization problem (23), for
which the weighted average efficiency of the group of mech-
anisms will be maximum.

When comparing the efficiency of various regulation
methods for boiler draft mechanisms, we take into account
the following features:

— in CM capacity regulation by changing the guide vane
opening angle, the supply voltage frequency is fixed at the
mains voltage level — 50 Hz



fi=1 =1, =f,= ;=50 Hz=const;

—in group capacity regulation, the supply voltage fre-
quency changes, but remains equal for all mechanisms

f1:f2:f3:f4:f5:f=var;

— with the individual frequency drive, the supply voltage
frequency is different for each of the mechanisms.

Jfi=var, f,=var, f,=var, [, =var, f;=var.

The problem (23) was solved for different power boil-
er capacities in the range of 60—120t/h. According to
the service documentation of the boiler, at its capacity of
60-85 t/h, one forced-draft fan and induced-draft fan are
involved in the operation, with a capacity of 85-120 t/h —
two each.

Fig. 7 presents graphs of optimal supply voltage frequen-
cies, obtained by solving the problem (23). It can be noted
that the graphs of optimal supply voltage frequencies for
FDF and IDF have similar behavior, so these mechanisms
can be used in group capacity regulation. The optimal fre-
quency of FP differs significantly from those of draft mech-
anisms, so using FP in group capacity regulation is impossi-
ble. Fig. 7 also shows the graph of the optimal supply voltage
frequency in the group capacity regulation for a group of
boiler draft mechanisms.

The effectiveness of various capacity regulation methods
for auxiliaries providing power boiler operation over the
entire range can be estimated by the graphs of efficiency of
the mechanisms presented in Fig. 8—10. As can be seen from
Fig. 8, the efficiency of the individual variable-frequency
drive for FP is greater with deep pump regulation. In the
near-nominal operating modes of FP, the efficiency of the
compared methods is almost identical.
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Fig. 7. Optimal supply voltage frequencies for the boiler CM

For the draft mechanisms (Fig. 9, 10), the efficiency of
the individual variable-frequency drive is not much high-
er than that for group regulation. The least effective CM
regulation method is changing the guide vane opening
angle.
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Fig. 8. Efficiency under various FP regulation methods
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Thus, group capacity regulation for boiler draft mecha-
nisms is highly efficient and almost not inferior to the indi-
vidual frequency drive, so using it at thermal power plants
is promising.

7. Discussion of the results of group capacity regulation
for TPP auxiliaries

The analysis of power consumption by groups of auxil-
iaries showed the feasibility of using the variable-frequency
drive for draft equipment and feed circuit mechanisms.

The proposed mathematical model of CM can be used to
study the effectiveness of various CM regulation methods.
When solving the problem of finding optimal control pa-
rameters of CM providing power boiler operation (23), the
dependencies of optimal CM frequencies under individual
frequency regulation were obtained. The graphs of optimal
frequencies (Fig. 7) allow determining the composition of a
CM group for group capacity regulation.

The FP operating mode is rather specific, so it is expe-
dient to use individual frequency converters for its drive
(Fig. 7). The operation of draft mechanisms is completely
determined by the power boiler operating mode. The prox-
imity of FDF and IDF characteristics, as well as operating
modes, allows implementing group capacity regulation.

Evaluation of the effectiveness of various methods of ca-
pacity regulation of auxiliaries showed that group capacity
regulation for TPP auxiliaries is highly efficient and almost
not inferior to the individual frequency drive (Fig. 9, 10).

The feasibility of group capacity regulation for TPP aux-
iliaries in contrast to other methods is due to the following:

— significant savings due to reduced investment;

— reduced size, complexity and cost of design;

— reduced engine loads;

— reduced maintenance costs;

- reduced complexity of equipment control systems.

However, the main reason for the introduction of group
capacity regulation for auxiliaries is financial savings in the
modernization of TPP auxiliaries.

When using one group frequency converter designed for
the total power of the group mechanisms, its price is much
lower than what would have been spent on the introduction
of the individual frequency drive. Approximate prices or
high-voltage frequency converters manufactured by Schnei-
der Electric are shown in Table 2.

It should be noted that the introduction of group CM
capacity regulation is a rather complex engineering task.
Concluding on the feasibility of such a method at a particu-
lar TPP requires a thorough analysis of its operating modes,
power supply diagrams of auxiliaries and equipment used.
The main disadvantage of this regulation method is the diffi-
culty of implementation for high-capacity TPP, which is due

to the design features of the auxiliary switchgear. The most
suitable switchgear scheme is a double-bus scheme.

Table 2
Prices for Schneider high-voltage frequency converters
Type Power, kW Price, USD
Schneider
ATV1200-A790 500 210,000
Schneider
ATV1200-A1400 1,000 320,000
Schneider
ATV1200-A1750 1,350 390,000
Schneider
ATV1200-A2250 2,000 425,000
Schneider
ATV1200-A2910 2,200 455,000

Group capacity regulation of TPP auxiliaries is one of
the promising areas of modernizing auxiliaries and can be-
come almost the main one in conditions of limited capital.
Studies show that the introduction of such a method at CHP
operating on a thermal load schedule allows reducing auxil-
iary power consumption by 10.7 %. Future research provides
for modeling dynamic and emergency operating modes of
TPP equipment together with frequency converters when
implementing group capacity regulation.

8. Conclusions

1. The analysis of power consumption of a typical CHP
operating on a thermal load schedule showed that CHP
equipment operates in off-nominal modes. The share of aux-
iliary power consumption is quite high and can reach 50 %.
High power consumption is due to inefficient methods of ca-
pacity regulation of auxiliaries. The way out of this situation
is to introduce a variable-frequency drive as one of the most
effective CM capacity regulation methods.

2. The mathematical model of CM that allows for studying
the effectiveness of various capacity regulation methods is pro-
posed. This mathematical model is based on the use of the least
squares method to approximate CM certificate characteristics.

3. The problem of finding optimal control parameters of
the CM group, which ensure CHP power boiler operation with
various capacity regulation methods, is stated and solved. It is
shown that the most effective capacity regulation method is to
use an individual frequency drive. Group CM capacity regula-
tion is highly efficient and not much inferior to the individual
variable-frequency drive. Therefore, given less investment in
implementation, it can be a promising direction in the mod-
ernization of TPP auxiliaries. The projected decrease in CHP
auxiliary power consumption is 10.7 %.
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