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mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items.are as
given by source.

The contents of this publication in no way represent the poli-
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ELECTRIC POWER AND POWER EQUIPMENT

UDC 621.3.11.22TET8:697.34(47457)

DEVELOPMENT AND OPERATING CONDITIONS OF THE HEAT AND ELECTRIC POWER PLANTS .
IN THE POWER SYSTEM

Moscow TEPLOFIKATSIYA SSSR in Russian 1977 signed to press 5 May 77
pp’ 25-50

[Article by S. Ya, Belinskiy, Energiya Publishing House, 8,000 copies]
[Text] Initial Period of Development of District Heating (1924~1932)

The development of Soviet power engineering on the scales of the GOELRO
Plan created by the initiative of V. I. Lenin was a powerful incentive for
the beginning of construction of the heat and electric power plants in our
country and the district heating systems connected with them.

During the beginning of the implementation of the GOELRO Plan, some of the
first peat-using branches of industry starting restoration after the
destruction of the Civil War were the textile, paper and chemical production,
and among the cities having the.residential buildings with central heating
necessary for district heating were the largest cities of the country,
primarily Leningrad, Moscow, Khar'kov, Kiev and Rostov.

The basic difficulty when selecting the equipment for the first heat and
electric power plants consisted in the absence during that period (in
practice to 1929-1930) of a Soviet power machine building base, as a result
of which the industrial heat and electric power plants had to be built
primarily on the basis of imported equipment, and for a number of municipal
heat and electric power plants, it was necessary to be limited to conversion

. of the condensation turbines to district heating turbines (the third LGES

- Hydroelectric Power Plant in Leningrad, the VTI Heat and Electric Power
Plant in Moscow, and so on). When ordering equipment for .the heat and
electric power plants, they bégan with the necessity for operation of these
plants (result of the absence of rayon power systems) as isolated plants,
but with maximum generation of electric power for heat consumption. The
little experience in building turbines with steam taps and condensation
and the limited unit power of the turbines of 5000 to 6000 kilowatts
resulted in the installation of district heating turbines of 2000 to 4000

_ kilowatts with counterpressure or worse vacuum at the overwhelming majority
of new heat and electric power plants, and for covering peak loads, the
purely condensation turbines with the same power.
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In practice the implementation of the GOELRO Plan adopted by the 8th All-
Russian Congress of Soviets of 22 December 1920 and proposing the construc-
tion of 20 thermoelectric power plants with a total installed power of

1110 Mwatts with a maximum power of the thermoelectric power plants of

100 megawatts over a period of 10 years, was completed by 1929.

The first thermoelectric power plant put into operation in accordance with
the GOELRO Plan was the Kashirskaya GRES [State Regional Hydroelectric

Power Plant] at which two 6000-kilowatt turbines were installed in 1922 for
the following parameters: 1.6 MPa (16 kg-force/cm?) and 350°C. Shortly
after this, the Kizelovskaya GRES was introduced at 1.7 MPa (17 kg-force/cmz)
and 375°C with two turbines of 3000 kilowatts each.

In all, by 1925, that is, by the time of the beginning of the development
of Soviet district heating in accordance with the GOELRO Plan, new capacity
was introduced at the thermoelectric power plants on the order of 80 mega-
watts with turbines with a unit power of 2.0 to 6.0 Mwatts, From these
data it follows that the construction of the heat and electric power glanta
started at that time with turbines for 1.8-2.2 MPa (18-22 kg-force/cm4)

and 350-375°C with a unit power of 2.0 to 4.0 Mwatts was completely
appropriate.

In accordance with the GOELRO Plan, the newly built KES [condensation
electric power plants] had to be the base for the birth and subsequent
development of the power systems providing for centralization of the
electric power supply of the country. Simultaneously, this centralization
had to encompass both the previously built electric power plants and, con-
sequently, the power plants operating in industry and in the cities
independently of their departmental attachment. This association of
previously disconnected electric power plants for operation in a common net-
work led by 1924 to association into integrated electric systems in Moscow
(seven electric power plants), Leningrad (five electric power plants,
including two industrial ones), in the Donets Basin and other rayons. Both
the construction of the rayon condensation electric power plants in
accordance with the GOELRO Plan and the formation of the generated electric
power systems became subordinate to a united center -~ the Glavelektro
VSNKh (subsequently reorganized into the Glavenergo NKTP), The summary
indexes of the operation of the heat and electric power plants during the
initial period of the development of district heating, namely from 1924 to
1932 are expediently considered for two periods: from 1924 to 1928 (that
is, before the beginning of implementation of the first fivew~year plan)

and from 1928 to 1932 (that is, during the Ninth Five-Year Plan),.

The basic technical characteristics and operating indexes of the heat and
electric power plants during these periods are illustrated in Table 1 as
applied to the devices, the plans for which provided for them as general-
use heat and electric power plants (the so~called rayon [district] TETs
[heat: and electric power plants]), and the devices designed by the plan
for the power supply of the individual enterprises of the given branch of
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Table 1

_ ‘Enuiq Technical Specifications and Operating Inde#es of the
Heat and Electric Power Plants in 1928-1932

{£2) 1028 32,
(1) | wu [rafdd] (@) 2 |rad3p] (%)
foxgaaren obuiero | ustutren. oduiro | Mutwaens
noaaoes-{ux npen:| Beero | nomsoss.fuuix upea:| Beero
[ npuRTUl Hun HpHATIA
5 Ofutee uicro TIL 2 1t 13 7 39 4
6 + B ToM wuene Ha napamerpu:
g 1,3—1,7 MIla (13—17 kec 'em?) 2 5 7 2 6 8
1,8—~2,2 MIa (1822 kre,cu? - 6 6 3 9 12
2,5—3,5 My (2535 krc c.u’; -— - —_ 1 23 24
{8 Covane 3,5 MIa (35 xrc;cm?) — — — 1 1
11 Moutnoers TIL, MBr 2,6 44,0 | 46,6 | 50,0 | 340,0 | 3%0,0
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iz . « B Tom uiencs |
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]:3 Cpeaung mowmocts Typ6ud, MBr - 1,5 1,481 3,3 4,251 4,15
19 Yerawontennan TensobaR  Moutsocts | 75,42 | 2933 |3008,4 | 1676 | 14665( 16341
Typbun, Cilx/u (Mkaasy) (18)

(20) Orayex ~ tenaa, s, Flli/ron ?6183? (isfa“)j (ll;(x: '&.79 1(-2%; is)
Ka1/ro ' » . ‘ " 5,0
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- Tposleprkd K ornycky Tenaa, | (70) (120) | (118) | (276) | (33%5) | (330)
kBr.w/ I’ (kBt.u/TKan)

(22) YHCAO 4acOB HCNOTL30BaMA ycTanos- | 2000 | 4200 | — 4000 | 4500 | -
ACHHOR 37eXTpUYECKOR MOULIOCTH .

(23) lFomosas BupaGotka snextposuepri, | 1,4 | 168,0 [169,4 | 240,0 | 1650,0] 1790,0
May, KBty

(24) YoeapuuR pacxox ycnoBHoro Tonausa | 440 340 - 370 400 | -~
Ha BuPABOTaHHYIO 3aexTposueprud,
. #/(xBt9)

Key:

1. Indexes; 2. general-purpose heat and electric power plant;
3. heat and electric power plant of industrial enterprises; 4. total;
5. Total number of heat and electric power plants; 6. imncluding for

- the following parameters:; 7. 1.3-1.7 MPa (13-17 kg-force/cm2);
= 8. 1.8-2.2 MPa (18-22 kg-force/cm2); 9. 2.5-3.5 MPa (25-35 kg-force/cn?);
10. Greater than 3.5 MPa (35 kg-force/cm2); 11. Power of the heat and
electric power plants, megawatts; 12, Average power of the heat and
electric power plants, megawatts; 13. No of turbines; 14. Including;
15. With worsened vacuum; 16. With counterpressure; 17. With tapping of
the steam and condensation; 18. Average turbine power, megawatts;
19. 1Installed heatimg capacity of the turbines, gigajoules/hour
(gigacalories/hour); 20. Release of heat, million gigajoules/year
(gigacalories/hour); 21, Ratio of annual electric power output to heat
output; 22, No of hours of use of installed electric power; 23. Annual
electric power output, million kilcwatt-hours; 24. Specified fuel
consumption for generated electric power, grams/(kilowatt-hours)
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industry (the heat and electric power plants of industrial enterprises).
As follows from Table 1, this type of heat and electric power plant also
became the most widespread during this period both with respect to the
number of heat and electric power plants (85%) and with respect to power
(95% 1in 1928).

During the f£irst 3 years of district heating (1924-1927) only the third
LGES Hydroelectric Power Plant in Leningrad releasing heat in the form of
hot water for the communal~domestic purposes basically at the expense of
live steam from the boilers, was in operation as a general-use heat and
electric power plant.

The work started in 1925 with respect to conversion of the condensation
turbines of the third LGES at 680 kilowatts to worse vacuum in practice was
completed only in 1927,

The analogous operations in 1928 began to be performed in Moscow with
steam feed from the experimental VTI heat and electric power plant (near-
est to the plants and the pool) also initially live steam from the boilers,
and then by using one of the turbines of the heat and electric power plant,
in the structural design of which there turned out to be a suppressed,
previously unregulatable steam tap.

Summing up with respect to the purely accidental circumstances (the presence
of equipment with little value but suitable for the experiments) the third
LGES Hydroelectric Power Plant turned out to be the prototype of the future
heating TETs, and the TETs VTI, the industrial-heating TETs. Both of the
TETs undoubtedly fit under the definition of the rayon plants, inasmuch as
they serve various users.

It turned out to be of essential importance for the next hydroelectric

power plant that the work on rebuilding the turbine at the third LGES

plant was performed at the Leningrad Metallurgical Plant which, on the basis
of this operation accumulated experience in the building of district heat-
ing equipment for the heat and electric power plants, The cost benefits
from district heating obtained during operation and maintenance of this
system turned out to be still more important, An electric power plant with
the old worn 680 kilovolt condensation turbine which before rebuilding had

a specific provisional fuel consumption with respect to electric power
generation of 1046 g/ (kilowatt-hour) had a consumption rate after being
rebuilt when tested in the district heating mode of 238 g/ (kilowatt-hour),
and the mean annual specific consumption during the heating season of 1928~
1929 was 380 g/ (kilowatt-~hour), The mean specific fuel consumption with
respect to the best condensation electric power plants in 1928 was about

600 grams/ (kilowatt~hour) with a calculated consumption of 520 g/(kilowatt-
hour). The average consumption with respect to all of the KES [condensation
electric power plants] in 1928 was 870 g/ (kilowatt-hour),

It is natural that the experience in the operation of a total of two heat
and electric power plants with two district heating turbines could not

-4
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provide a basis for solving the problems with respect to selecting the type
of newly manufactured turbines, Under these conditions it was more reliable
to generalize the data accumulated at that time on the development of the
heat and electric power plants in the industrial enterprises, the number

of which for 1928 (see Table 1) had reached 1l with, total power of the

29 imported turbines installed at them of about 44 megewatts (the average
power of one turbine was about 1500 kilowatts), The greater part of these -
turbines (66%) were designed for operation by the heating chart (three-fourths
of them were counterpressure turbines), -

- The installed thermal capacity of such heat and electric power plants was
about 2933 gigajoules/hour (700 gigacalories/hour), but for a number of
reasons no more than 7% of this power was used, as a result of which the
maximum operating power of these heat and electric power plants did not
exceed 25 megawatts, The annual number of hours of use of the installed
capacity was only 3800 (with a defined value of about 6500).

The basic cause of this location of the calculated and operating indexes
was lagging of the actual growth of the thermal process loads of the
enterprises behind the planned growth which only partially could be compen~
sated for by the generation of electric power in the turbines with steam
tapping and condensation as a result of their small number and relatively
low capacity (total of about 20% of the total installed capacity).

This worsening of the operating conditions of the heat and electric power
plants found reflection in the growth of the specific fuel consumption for
the generation of electric power increasing in this case from the designed _
values of about 240 g/(kilowatt-hour) to 340 g/(kilowatt-hour) (on the
average 11 heat and electric power plants in 1928), which still was almost
2,5 times lower than at the rayon condensation electric power plants.
Under these conditions the further development of heat and electric power
plants based on turbines with counterpressure apparently provided better
prospects with respect to fuel savings. For these reasons, for the subse-
quent development of the district heating and the first five-year plan for . -
‘the heat and electric power plants of Moscow and Leningrad 12,000 kilowatt
counterpressure turbines were ordered from the Leningrad Metallurgical Plant
with an analogous increase in power for the turbines of the heat and
electric power plants of the industrial enterprises newly ordered for
N import, for which the same structure of the types of turbines as before
1928 basically was retained (see Table 1),

Along with increasing the unit power of the turbines, the increase in the
initial steam parameters for the majoritg of heat and electric power

plants to 2,6~3,5 MPa (26-~35 kg~force/cm“) and for only two of the heat

and electric power plants to A,4 MPa (64 kguforce/cmz) was essentially

new in the 1928~1932 period., 1In contrast to the KES [condensation electric
power plants] the increase in the initial parameters of the heat and
electric power plants haying turbines with counterpressure in practice

did not lead to a reduction in the specific fuel consumption for the
generation of electric power, but during this time, the district heating

5
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capacity of the heat and electric power plants increased by 1,5-2 times
and, consequently, there was a fuel savings,

As is demonstrated in Table 1, the number of general-use heat and electric
power plants increased during the first five-year plan to 7 with a total
power of 50 megawatts, whereas the number of heat and electric power plants
of the industrial enterprises reached 39 with a capacity of 340 megawatts.

( The development of the general-use heat and electric power plants took

- place basically at the expense of using turbines with worse vacuum and
with tapping of the steam and condensation, that is, the turbines providing
for the use of them to cover the electric power load charts independently
of the presence of heat consumption, The proportion of these turbines was
about 75%. Almost all of the turbines with worse vacuum were obtained as

a result of conversion of the purely condensation units,

The specific fuel consumption for the generation of electric power dropped
from 440 to 370 g/(kilowatt-hour) as a result of improvement of the initial
parameters of steam (which improved the indexes of the turbine with worsened
vacuum during operation of these turbines in the condensation mode).

The characteristic feature of the operation of the majority of general-use
heat and electric power plants of that perlod was the fact that the
development of the heating networks and the output of heat through them

to the residential-communal sector led the thermal capacity of the turbines,
as a result of which about 30% of the heat decreased as a result of reduc-
tion of live steam from the boilers.

The development of the heat and electric power plants of the industrial
enterprises took place on the level of advanced engineering of the time.

- This is manifested primarily 'in the improvement of the initial steam
parameters. More than 75% of the newly built heat and electric power plants
had equipment for parameters of 3.5 MPa (35 kg—force/cmz) and 400-410°C,
whereas the installation of the turbines for 2,2-2.6 MPa (22-26 kg-force/cmz)
and 350-375°C as a result of absence of experience in the manufacture of
16-25 megawatt turbines (and the boilers for them) for higher steam
parameters.

For the heat and electric power plants at the Bereznikovskiy Chemical Plant,
equipment was installed for 6,0 MPa (60 kg~force/cm2) and 450°C with
secondary superheating to 375°C,

As a result of absence of singlershaft turbines with a power of 26 megawatts
each with the same initjal steam parameters at this heat and electric
power plant double~ghaft turbines were installed (see Fig 1) with equal

1This number includes the five heat and electric power plants transferred
from the control of the industrial and communal enterprises to the power
systems. :

6
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power (12.8 megawatts each) on the upper and lower shafts, The steam for
production came from the counterpressure of the turbines of the upper
shaft, At this heat and electric power plant, the four-stage regenerative
heating of the feed water was used for the first time.

At the heat and electric power plant of the Gor'kiy Automobile Plant, the
first district heating turbines in the world were installed with 12 mega-
watts each and two adjustable steam taps of 0.6 and 0,15 MPa (6 and

1.5 kg-force/cm®) and condensation. The low pressure parts of these
turbines also permitted acceptance of the steam from the side (for example,
during the summer exhaust steam from the forging hammers was used by this
scheme). The acceptance and the selection of the steam combined in one
turbine made it possible to obtain electric power independently of the
seasonal heat consumption conditions,

As a result of the introduction of more powerful and economic equipment

at the rayon electric power plants, the average specific fuel consumption ~
at these power plants dropped by 90 g/(kilowatt-hours) by 1932, and it was I:
780 g/ (kilowatt-hour), as a result of which the gpecific fuel economy at
the heat and electric power plant was reduced by more than 140 g/ (kilowatt-
hour). However, altogether as a result of the increase in the heat output
from the heat and electric power plants from 6.03 to 23 million glgajoules/
year (from1.44°106 to 5.5+106 gigacalories/year) and more than doubling of
the specific electric power output for the heat consumption, the fuel
savings from district heating increased from 100:103 to 400-103 tons/year
(the savings were determined only by the ratio of the condensation electric
power plants introduced in accordance with the GOELRO Plan), which
corresponds to the specific savings of the provisional fuel at the heat and
"electric power plants of about 2.08 kg/gigajoule (87 kg/gigacalorie) or
about 220 g/(kilowatt-hour) on the average. -

In the expired years of the first five-year plan (1931-1932) great progress
was made in the development of the rayon central heating. Thus, from the
heat and electric power plant built for the Gor'kiy Automobile Plant,
continuous central heating was realized for the residences of a population
of about 100,000.

In the same period the analogous district heating plans were realized in
Kuznetsk, the Lower Tagil and other industrial districts.

- Development and Operating Conditions of Heat and Electric Power Plants
During the Prewar Period (1933-1940), The fundamentals of the subsequent
(after the end of the First Five-Year Plan in 1932) development of district -
heating began to be developed in 1930 when the problems were resolved of
- the standardization of the equipment which must be assimilated by the
: Soviet power machine building plant, The parameters, type and unit power
of the district heating turhines were subjected to standardization.
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Figure 1. Schematic heating diagram of the Bereznikovskaya
heat and electric power plant -
1 ~~ steam boiler at a pressure of 6.0 MPa and a temperature
of 450°C; 2 -~ preincluded turbine with a power of 12.8 mega-
watts (upper shaft); 3 -~ steam line at a pressure of 1.7 MPa
for supplying steam for production, industrial superheating .and
regeneration; 4 -~ steam feed to the two-stage steam conversion
unit at pressures of 1,7/0.75 MPa; 5 =~ steam line for supplying
secondary steam with a pressure of 0.75 MPa for production
purposes; 6 -~ gas industrial superheating of steam from a
temperature of 290 to 375°C; 7 -- condensation turbine with a
power of 12.8 megawatts (lower shaft); 8 -~ atmospheric
deaerator; 9, 10 and 11 —-- regeneration system heaters

For standardization with the parameters of the' condensation electric power
plants, a pressure at the turbines of 2,9 MPa (29 kg-force/cm®) was. .
selected for the heat and electric power plants insuring sufficient dryness
of the steam in the condenser with maximum possible steam superheating
temperaturc for the adopted types of steel at 400°C. For the tapping
parameters, two stages were used: for the,  technological process steam at
a pressure of 0.7+0.1 MPa (7+l kg~force/em?) and for heat output by hot
water of 0,12-0.2 MPa (1,2-2.0 kg~force/cm?).,

With respect to types of the central heating turbines based on the already
existing .operating experience of the heat ‘and electric power plants, the
decision was made to mapufacture basically turbines with tapping of the
steam and condensation offering the possibility of developing a rated power
independently of the heat .load, The greatest complexity arose from the
problem of selecting the maximum unit power of the district heating
turbines, It was difficult to count on the loads insuring a power of

more than 12 to 15 megawatts by the conditions of the concentration of the
heating loads based on the heat consumption during this period.
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For these reasons, counterpressure turbines of 12 megawatts each (which
went into operation in 1933) were already ordered previously for the

first heat and electric power plants in Moscow and Leningrad. Inasmuch as
by the electric power balance conditions, the power of the generating units
was determined as no less than 100 to 150 megawatts, in order to decrease
the number of units installed at the heat and electric power plants, a
unit turbine power of 25 megawatts equal to the condensation électric
power plants was adopted for the district heating turbines of the rayon
heat and electric power plants, of which 12 to 14 megawatts were obtainad
as a result of tapping the steam for district heating, and the remaining
power, as a result of regeneration and bypassing steam to the condenser
(the so-called attached condensation power),

Summing up, a standard scale of the district heating turbines was adopted
for the new heat and electric power piants: 2.5, 4.0, 6.0, 12.0 and

25.0 megawatts, in which the 2,5-12.0 megawatt units were produced both
with counterpressure and with steam taps, and the 25 megawatt turbine,
either with a 0,12-0.2 MPa (1.2-2.0 kg-force/cm2) heating tap (AT-25 type)
or with 0.7-0.1 MPa (7.0-1 kg-force/cm?) production tap (type AP-25).

The 25 megawatt turbines were widely used in all of the new rayon heat and
electric power plants in Leningrad, Moscow, Khar'kov, Yaroslavl' and other
cities.

The summary indexes with respect to the development of the heat and electric
power plants by 1940 are presented in Table 2.

In contrast to 1932, the distribution of the heat and electric power plants
for general purpose installations and the heat and electric power plants

of the industrial enterprises presented in Table 2 was carried out by the
departmental attribute. In reality a significant number of heat and elec-
tric power plants of the industrial enterprises (having the greatest elec-
tric power at that) were in 1940 a source of the district heat supply not

.only for the communal-domestic purposes, but also production purposes,

for example, the Krasnopresnenskaya Heat and Electric Power Plant,
Orekhovo-Zuyevskaya, Ivanovskaya, and Kalinin Heat and Electric Power
Plants, and so on.

The enlargement of the capacity of the heat and electric power plants was
accompaniad by increased technical improvements manifested in an increase
in the proportion of the turbines om the 2.5-3,5 MPa (25-35 kg-force/cmz)
parameters from 50 to 807%, Beginning in practice with 1935 all of the

heat and electric power plants were bullt for steam parameters (at the
turbines) of 2.9 MPa (29 kg-force/cm2) and 400°C with highly developed
recovery, This equipment was manufactured by Soviet plants, and the
importation of central heating turbines practically came to a halt by 1935.
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Table 2

Basic Technical Specifications and Operating Indexes of the
Heat and Blectric Power Plants in 1940

- Ceneral- Heat and elec-
purrcse tric power
heat and plant of indus~
- Indexes electric trial enter=-
2 power plant prises Total
No of heat and electric power
plants 40 76 116
Including for the following
parameters:
1.8~2.2 MPa (18-22 kg-force/cm?) 5 15 20
2,5-3.5 MPa (25-35 kg-force/cm2) 33 60 93
3.5 MPa (>35 kg-force/cm?) 2 1 3
Power of the heat and electric power
plants, megawatts 1200 800 2000
Average power of the heat and
electric power plants, megawatts 30.0 10.5 17.0
No of turbines: 57 96 153
Including with worsened vacuum 9 5 14
_ With counterpressure 9 21 30
With tapping of the steam and
condensation 39 70 109
Average turbine power, megawatts 2.0 8.3 -
Installed heating capacity of the
turbines, gigajoules/hour
(gigacalories/hour) 13827 23883 37710
(3300) (5700) (9000)
Release of heat, millior gigajoules/ 31.4 69.1 100.6
year (gigacalories/year) (7.5) (16.5) (24.0)
Annual electric power output, million
killowatt-hours 6000 4000 -
Specific fuel consumption for the
generated electric power,
grams/ (kilowatt~hours) 495 320 350
10
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Table 3

Basic Indexes of the General~Purpose Heat and Electric
Power Plants in 1940

. lenumwu s ase] K A:u'on ent V::‘N,g‘%m‘
Hanuencosue T l‘l“;.l‘.\"w;\c\m u':lpﬁ}a:::. m:rv’m. e':m ws’:oﬂ “‘.r;m
- (1) @ |y b | Ty |
MTBUA () 5 4,2 4535 9.9 400
™uE  (8) nw| s | 4 70,7 220
: (10) (250)*
™U8 (9) 62 A (:a;tlss g}b; 81,0 320
T (10) 60 (nb% (::ggé; 76,8 409
0 326, 53,7 74,8 240
180. a4 (11) 2 ) 3e ‘
7 628,5 1014 85,0 300
Tlmonol I_Pou:r ¢ *r)pdu ] T o

¢ Poteta 1.0 Tenroscpy tradixy, (13)

Key:
1. Name of heat and electric power plant
2. Povwer of heat and electric power plant, megavatts
i, 3. Maximum thermal load, gigajoules/hour (gigacalories/hour)
4. Ratio of the electric power output to the heat release,
' kilowatt-hours/gigajoule (kilowatt-hours/gigacalorie)
5. Boiler efficiency (gross), %

6. Specific fuel consumption for electric power, g/ (kuovatc-hour)
7. TETs A

8. TETs B

9- TETs V

10. TETs G

11. TETs D

12, Standard plan with AT-25 turbines

13. *Operation by the heating chart

14, *#* [Translator's note]: TETs 1s the Russian abbreviation for
heat and electric power plant; A, B, V, G, D are the first five

letters of the Russian alphabet, the equivalent of English
A. B’ C. D E]
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Table 4

3asic Indexes of the Heat and Electric Power Plants of the
Industrial Enterprises in 1940

| Yaemauh
o, | Pt | S | CERA RS
ol aasanon 211, MBe UArPYINE '1"“‘ 1a AN
Com/s (Faanfa)] ONIYCR, .".m S NID,
(1) (2) 3) 65 i e (5)
Mera: 1 ’ 03 419 217.2 403
teraraypritiecxoro  (6) | e (910;
Nitatiiecxoro ) ’ 84 838 22U
ém (250)®
- Barowsoro *  (8) &0 2 %336) 328
Peaitnosuro (9) 50 (“".}i (360) 206
Astozasuga o) % 32;65 ('3‘{0.9‘ 216
19 4 i 360
Tpaxtoprioro »(11) | (% (&0)
wAf2s | 15 | 9637 66,8 288
Tunosuft npoext ¢ mnsua\m 5] i o) oy |

ey T Fritt. N
(ﬂ? G Jm.mmm SUKINMOM N8pA MATOS,

1. Plant heat and electric power plant
2, Power of the heat and electric power plant, megawatts
3. Maximum heat load, gigajoules/hour (gigacalories/hour)
4. Ratio of electric power output to the heat release, kilowatt-
houra/gigacalorie
5. Specific consumption of promional fuel for electric pover.
8/ (kilowatt-hour)
6. Metallurgical
7. Chemical
8. Rallroad cars
9. Rubber
10. Automobile plant
11, Tractor
12, Standard plan with AP-25 turbines
13. +*Operation by the heat chart of a high-pressure heat andelectric
power plant
14, **Recovery of exhaust steam of the hammers
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Two of the most powerful heat and electric power plants (B4 and 60 megawatts)
wege built with steam paramcters of 6,0 and 13.0 MPa (60 and 130 kg-force/
emé),

The total power of the heat and electric power plants with these steam
parameters reached 147 megawatts. The highest power (108 megawatts)

was established at the heat and electric power plants of the Kuznetsk
Metallurgical Plant with turbines of 25 megawatts each (the most powerful
condensation electric power plant -- the Zuyevskaya plant =-- was 350 mega-
watts)for parameters of 2.9 MPa and 400°C with turbines of 50 and 100 mega-
watts).

A powerful incentive for the acceleration of the development of the heat

and electric power plant and district heating as a whole was the implementa-
tion of the well known resolutions of the June Plenum of the Central
Committee of the All-Union Communist Party (of Bolgheviks) of 1931. In
accordance with these resolutions, by 1935 the construction of heat and
electric power plants was being undertaken at accelerated rates: the
Kuznetsk, Bereznikovskaya, Yaroslavl', Krivorozhskaya, Lipetsk, Kazan',
Krasnozavodsk and many other heat and electric power plants.

The basic operating indexes of the most powerful general-purpose heat and
electric power plants are presented in Table 3 (as a supplement to Table 2),
and the heat and electric power plants of the industrial enterprises, in
Table 4.

The calculated saving of heat was about 2.5:106 tons/year. The economic
indexes of the heat and electric power plants were lowered not only as a
result of the loading with respect to electric power generation but also as
a result of the relatively low efficiency of the boiler units. Thus,
according to Table 3 the gross efficiency of the boiler rooms during this
period did not exceed 80-81% (with a calculated value of about 85%). The
cause consisted in the difficulty of assimilation of the burning of low
- grades of fuel under the high-output units: anthracite dust, brown coal
(Moscow and Chelyabinsk), kiesel coal, the waste from the enrichment of
mineral coal and also milled peat,

The fuel balance of the heat and electric power plants by 1940 had the
following structure: fuel oil 5%, peat 7%, anthracite dust 34Z, Moscow
coal 17%, Chelyabinsk coal 15Z, kiesel coal 6%, Donetsk coal 10%Z, other 6%.

The loss of efficlency of the heat and electric power plants was also
influenced by the unreliability of the initial structural designs of the
high-pressure heater of the recovery heating system for the feed water,

The difficulties with loss of condensation at the consumers were initially
overcome by installing steam converters (Fig 1), and subsequently they

were reduced significantly by the introduction of Na-cation-exchange resin
water purifiers almost everywhere and the application of staged evaporation

13
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in the steam boiler vessels (author Prof E, I, Romm), Known difficulties
were also connected with the release of heat from the heat and electric
power plants in the form of hot water, In the first step of building the ’
heating networks, the maximum temperature of the network water was taken

as 120-130°C. The maximum pressure of tapping the steam at the standard
turbines of the Leningrad Metallurgical Plant and the Kirov Plant was

0.2 MPa (2 kg~force/cm2), which provided for heating the network water to
110-115°C and required the installation of heaters at the heat and electric
power plants fed, as a rule, by the reduced steam at 0.6 MPa (6.0 kg~force/
em®). The theoretical heating system of the heat and electric power plant
providing for the two-stage heating of the network water is illustrated in
Fig 2.

The initial structural designs of these peak heaters were insufficiently
reliable, which led to underrelease of heat during the cold part of the
year as a result of feeding water at reduced temperature to the heating
networks.

By the arguments connected with reducing the cost of the heating network

- and also with the acute shortage of pipe, at a number of the heat and

- electric power plants the calculated maximum water temperature was increased
to 130°C. In addition, the technical economic calculations were used to
discover the optimal ratio of the thermal loads of the basic and peak
heaters equal to 1:1; here the district heating factor at the heat and
electric power plants was 0.5, .

The satisfaction of this condition when releasing heat through the pressure-
reducing and cooling unit required an increase in power of the ingtalled
power steam generators of the heat and electric power plant. However, in
practice the possibilities of the installation of such boiler power at the
heat and electric power plants were highly limited as a result of which the
district heating coefficients of the heat and electric power plants were
within the 1imits of 0.6-0.65, and the maximum temperature of the supplied
network water was 115 to 120°C.

The increase in the number of heat and electric power plants built in the
large industrial and residential centers (Moscow, Leningrad, Kiev, Khar'kov,
and so on) has revealed a trend toward the appearance of two types of heat
and electric power plants classified with respect to type of predominant
heat load, namely; the heating heat and electric power plants (with the
type T turbines) and the industrial heating (with the type P and T turbines).

In the heating heat and electric power plants incomplete loading of the
taps was determined by the lag in the construction of the heating network
connected basically with the shortage of pipe, and the complete utilization
of their electric power reaching 6009-6500 hours per year was connected
with the general shortage of electric power,
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Figure 2. Heating diagram of the thermoelectric power plant
with two-stage heating of network water in the
base and peak-load heaters .
} . 1 == gteam boiler; 2 ~ gteam turbine with adjustable tapping
- of the ateam and condensation; 3 -~ adjustable heat tapping
of the steam; 4, 5 -~ nonregulatable taps for recovery;
6 — deaerator; 7 — basic heater of the network water;
8 =~ pesk heater of network water; 9 -- pressure-reducing
and cooling unit; 10 -- heat users

At the industrial heating heat and electric pover plants the low degree
of use of the taps was the result, as a rule, of incompatibility of the
types and sizes of turbines installed at the heat and electric power
plants with the structure of the heat users. The way out of the developed
situation was found by creating new types of turbines for these heat and
electric power plants with two adjustable steam taps and condensation
(PT-turbine).

The basic advantage of these turbines was obtaining the calculated district
- heating power from them, independently of the load ratio of the P and T
" taps; here the condensation power was approximately cut in half.

The problem set up by the June Plenum of the Central Committee of the
All~Union Communist Party (Bolsheviks) in 1931 for district heating to
force the imported high~quality fuel (fuel oil and Donets coal) out of the
fuel budget of the cities was carried out successfully, Thus, the heat
and electric power plants in Moscow were built for operation on Moscow
coal, in Leningrad on peat, in Kiev, Khar'kov, Rostov and Kuybyshevé
Saratov and other cities, on anthracite dust, By 1940 about 2.0+10° tons
of natural fuel (primarily Donets coal and fuel oil) previously burned in
the low-economical boiler houses and industrial enterprises, were forced
out of the fuel budget of the cities by central heating.

In order to reduce the ash and sulfur dioxide diécharge, the plans for

all of the coal heat and electric power plants provided for the construc~
tion of ash traps which were not always put into operation simultaneously

- 15
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with the beginning of operation of the heat and electric power plants,
and the calculated efficiency of the ash trap was not always insured on the
operating units,

Heat and Electric Power Plants During World War II and in the Recovery Period
(1941-1950). Directly before the ending of the war, three new heat and
electric power plants were bullt at accelerated rates in Moscow, two in
Leningrad and also heat and electric power plants in Yaroslavl', Kiev,
Kuybyshev, and Orsk, and other citiles.

The capture by the enemy of a significant part of the territory of the

country during the first 2 years of the war led to the necessity for

moving a number of the industrial enterprises and electric power plants
B to the east., A total of more than 60 electric power plants with a total
i capacity of 5,8 million kilowatts (including about 1 million kilowatts of
power at the heat and electric power plants) were evacuated and temporarily
stopped operations. The overwhelming majority of the turbines of the heat
and electric power plants were again installed at the enterprises in the
cities of the eastern part of the country., In spite of the difficulties
of wartime during these years the construction of new heat and electric
power plants also continued, Thus, at the beginning of 1942, the
Chelyabinsk Heat and Electric Power Plant No 1 was put into operation, and
then the Novosibirsk Heat and Electric Power Plant No 3 and the Heat and
Electric Power Plant of the Ural Turbine Plant, In subsequent years new
heat and electric power plants began operation in Krasnoyarsk, Chelyabinsk,
Bogoslovsk and other cities., Overall, by the end of 1944, the release of
heat from the heat and electric power plants reached the prewar level.

As the territory of the country was liber:ted from the fascist invaders,
the restoration of the previously dismantled equipment at the heat-and
electric power plants in Moscow, Leningrad, Khar'kov, Kiev and other cities
began. In addition, in 1945 construction of new heat and electric power
plants was started using foreign equipment, as a result of which the total
power of the heat and electric power plants together with the deliveries of
new equipment from Leningrad Metallurgical Plant, the UTMZ Plant and the
Bryansk Plant reached 5 million kilowatts by 1950 with a heat release of
about 293.3 million gigajoules (70 million gigacalories), which made it
possible to obtain a fuel savings of about 7,5 million tons.

In the connection with the organization in 1946 of the Ministry of Electric
Power Plants (MES) significant changes took place in the organizational
structure of the administration of the heat and electric power plants
which, in connection with the significant development of district heating
were in the majority converted to district heat supply units, The number

' of such hzat and electric power plants more than doubled inasmuch as by .
1950 all of the prewar heat and electric power plants had in practice
resumed operations, The heat and electric power plant equipment which had
been moved in 1941 to 1942 continued in the majority of cases to operate
at new electric power plants in the eastern regions. In addition, a large
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number of industrial enterprises located outside the areas of operation
of electric system in 1946~1950, using foreign equipment, constructed
their own heat and electric power plants. Overall the number of heat and -
electric power plants had increased to 700 by 1950, including 130 heat and
electric power plants in the MES [Ministry of Electric Power Plants] system,

- 100 heat and electric power plants in the form of block stations operatively
subordinate to the MES dispatchers and 470 heat and electric power plants
of industrial enterprises and cities operating in isolation (Table 5).

The successful use in the eastern parts of the country of the district
heating turbines was facilitated to a significant degree by the fact that

- for the most part these were turbines with steam selection and condensation
and the most powerful at that; therefore they could be quite economically
used to equip the defense industry with electric power independently of the
presence of the thermal load., Under the conditions of an acute shortage of
electric power, the broad use of the overload capacity of these turbines
was started. This capacity (see Fig 3) was known in prewar time, but in
practice was not used, for the specific provisional fuel consumption for

the additional condensation power obtained amounted to about 1000 g/(kilountf-
hnuf), .

- ' Table 5

Basic Technical Specificationh and Operating Indexes of
Heat and Electric Power Plants in 1950

. (1) 1 Lausteiionione noasaterell THU M3C | Baox TILL |TTpowae TOL

, Betro
(2 (3) (4) (5)
6) Yucio T3 130 100 | 470 700
§g§ it T M o 00 | 10 | 100 | 500
“ HAR MOWHOCT b . T " ) . + _
5} ,| s0280 | 41900 | 12570 | 104750
9) e sy HoMHoSTS  Typins (12000) | (10000) | (3000) | (25000) ,

(10) Toosoh otayex 7enaa, man. w (san. Tkan) | 115,2 30,2 | 17,3 267

(11) Bwpabatka smexTposwepruH, MApR. KBT.u/ron 18,5 7,2 ,0 .
OrHowehHe BupaGoTKH S1eKTPOSNCPIHE K oTnyexy | 134,8 238,7 | 112,2 88,

(12) e e L o (BT 2 s6h | ooy | @io) | @10)
(13) YmenwHuwii pacxon ycnosHoro TOMAHBA HA Bpd: 548 560 600 -—
GoTky anCKTpOIHEprHK, r/(KBT-4)

‘1, Name of indexes .

2, Heat and electric power plants of the Ministry of Electric Power Plants

3. Heat and electric power plant block

4, Other heat and electric power plants

5.‘ Total

6. No of heat and electric power plants

7. Power of heat and electric power plants, megawatts

8. 'Average heat and electric power plant power, megawatts

9, Installed thermal power of turbines, gigajoules/hour (gigacalories/hr)

10, Annual release of heat, millions of gigajoules (millions of

gigacalories)

[Continued on p 17]
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{Key to Table 5, contd]
_ 11. Generation of electric power, billions of kilowatt-hours/year
I . 12. Ratio of the electric power output to the heat release, kilowatt-
hour/gigajoules (kilowatt-hour/gigacalorie)
13, Spscific provisional fuel consumption for the generation of electric
power, g/ (kilowatt~hour)

Under wartime conditions, the noneconomicalness of such conditions was
put in second place, the more so in that on passsge of the elaectric power
load peaks in a number of power systems the disyatchers required operation
of even the counterpressure turbines on exhausi (with a power to 12000
kilowatts), which under such operating conditions required still greater
fuel consumption.

2 () —-—
5 ] L
Y
|
| |
|
' ]
| |
| J w
) ' wj Wy Wﬁ‘;npll

Figure 3. Schematic diagram of turbine operating conditions
with regulatable steam tap and condensation
Dﬂ is the rated steam consumption by the turbine, tons/hour;

DHi ig the rated adjustable steam tap, tons/hour;
Wy is the rated turbine power, megawatts; W¥ is the district

heating power:of the turbine with rated steam tap, megawatts;
Wover 18 the permitted overload power of the turbine, megawatts;

Wiim is the limiting possible overload capacity of the turbine
for maximum steam flow rates through the high pressure part and
the low pressure part, megawatts; =.-.- -= the region of possible
overload conditions of the turbine.
Key:
1. “bverwlim
The overload power of the turbines of the AT-25 and the AP-25 types was
brought almost everywhere to 28000-30000 kilowatts, and in certain cases
Gy the permission of the manufacturing plants) even to 32000 kilowatts
with a reductinn of the district heating power of the turbines from the
calculated value of 60 to 65 to 25-30%7 (Fig 4).

In order to accelerate the starting of the evacuated turbines in the eastern
part of the country at a number of heat and electric power plants (the
Krasnogorskaya heat and electric power plant, and so on), direct-flow Ramzin
boilers of simplified design were manufactured for them to operate on a8
pressure of 3.0-3.1 MPa (30-31 kg-force/cm?)
. 18 .
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Figure 4. Comparison of the operating diagrams for the
AT-25 and VT-25 turbines
== YT=25 turbine; = = = = == AT=-25 turbine;

Wy — rated turbine power, megawatts; Wg -= district

heating power of the turbine with rated steam tap,
megawatts; Woyor =~ permitted overload power, megawatts;

) Dg‘ — rated steam consumption by the turbine, tons/hour
Key:

Incompatibility of the pressure of the tapped steam (especially for the

AT-25 turbines) with the needs of the users was eliminated (for fuel savings .
- and to unload the power boilers) by the installation of the jet heat ’

transformers developed at the VTI Institute. Under the conditions of acute

metal shortage, mixing heaters were installed in place of the surface

heaters for heating the network water at a number of the heat and electric

power plants.

During the war years the fuel budget of the heat and electric power plants
changed significantly. In place of anthracite dust, Mescow coal and partially
peat at the heat and electric power plants they began to burn Ural brown

coal and Kuznetsk mineral coal, and the use of kiesel and Ukhta coals was

also expanded.

The restoration of the heat output from the turbines of the heat and elec-
tric power plants in the areas engulfed in the ore in practice started in
1945 (the heating networks began to release heat in Leningrad, Khar'kov,
Kiev and other cities in 1944) and in 1946 a number of heat and electric
power plants were also in operation with total electric and thermal power.
As the coal extraction was recovered in the Donetsk and Moscow Basins the
fuel budget of the heat and electric power plants approached prewar with
somewhat greater proportions of coal from the eastern regions.

19°
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The restoration of the power of the heat and electric power plants led

the restoration of the condensation electric power plants (as a result of
the greater degree of destruction of them); therefore the proportion of

- the generation of electric power with respect to condensation cycle at the
heat and electric power plants turned out to be above the prewar level.

As¥was demonstrated in Table 5, the basic amount of electric power -at the
heat and electric power plants was generated with a specific provisional
fuel consumption to 548 g/(kilowatt~hour), and the appearance of a signifi-
cant number (more than 170) of isolated low-power heat and electric power
plants on foreign low-economy equipment raised this index from 380 g/(kilo-
watt-hour) -- the level reached in 1940 -~ to 560 g/(kilowatt-hour) with a
specific consumption at the condensation electric power plants dropping to
645 g/ (kilowatt=hour).

The ratio of the electric power output to the heat release (the basic

P attribute of the growth of the operation of the heat and electric power
plants with respect to.tha condensation cycle) increased from 88.3 kilowatt-
hour/gigajoules (370 kilowatt-hour/gigacalorie) in 1940 to 112.2 kilowatt-
hour/gigajoule (470 kilowatt-hour/gigacalorie) in 1950.

The created collectives of the power machine building plants of the country
worked under stress conditions in the war years on the creation of new,

more economical equipment for the condensation electric power plants and the
heat and electric power plants. A brilliant result of this work was the
manufacture of the VI-25 district heating turbine at the Leningrad
Metallurgical Plant in 1948 for initial steam parameters of 9.0 MPa

(90 kg-force/cmz) and 480°C (in subsequent years the steam temperature was
increased to 500°C) with adjustable tapping of the steam at 0.12~0.25 MPa
(1.5~2.5 kg-force/cmz). This was the most improved district heating turbine
of the time in the entire world. With complete loading of its district
heating tap- (100 tons/hour) made it possible to reduce the fuel consumption
at the heat and electric power plants during operation in the district heat-
ing mode to 200 g/ (kilowatt-hour) (considering the "attached" condensation
power of the total of about 2.5 megawatts instead of 9.0 megawatts on the
AT-25 turbine). A comparison of the diagrams of the operating additions of
the VI-25 and AT-25 turbines is illustrated in Fig 4,

In 1949 the double-tap turbine type VPT-25-90 was manufactured with indus-
trial tapping of the steam at 1,0%§:] MPa (10:% kg-force/cm?) and with a
weighted mean specific electric power generation for heat consumption almost
double that for the analogous APT-25-29 turbines,

In subsequent years these turbines began to be series manufactured at three
- plants, and by 1965 the installation of the turbines operating on lower
parameters at the heat and electric power plants ceased.

By 1950 as a result of the preincluded turbines operating on 11.0 MPa
(110 kg-force/cmzl of the Soviet and forelgn plants the number of heat
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and electric power plants with the parameters of 6,0~11.0 MPa (60~110

kg-force/cm?) increased to 7 with a total power of turbines with such

parameters above 500 megwatts, which amounted to about 10% of the total
. power of the heat and electric power plants.

- Technical Progress in the Development of the Heat and Electric Power Plants
in 1951-1970. Beginning in 1950 Soviet power engineering entered into the
era of intensive growth of operating efficiency of the power supply installa-
tions.

In the area of condensation power plants this was manifested in increased
initial steam parameters of the turbines initially to 9.0 MPa (90 kg-force/cm?)
with a unit power of each turbine of 100 megawatts. Beginning in 1959,

the condensation electric power plants began to assimilate the series
150/160 and 200 megawatt units for superhigh steam parameters of 13.0 MPa
(130 kg-force/cm?) and 565°C with industrial superheating to 565°C, and in
1963, the 300 megawatt units for transcritical steam parameters af

24,0 MPa (240 kg-force/cm2) and 540/560°C. As a result of adjustment of
the operation of these units the specific fvel consumption at the condensa-
tion electric power plants quickly began to drop first to 400-440, and then
to 346-360 g/(kilowatt-hour) (net). Under the developed conditions at the
heat and electric power plants, a set of measures was taken to retain the
basic advantages of the district heating units as units insuring fuel
economy by comparison with the separate power supply system.

The quantitative and qualitative indexes of the development of district
heating during this period were discussed quite completely in the present
collection in the article by Ye. I. Borisov and V. P. Korytnikov "Role of
District Heating and Power Engineering in the National Economy of the
USSR." It must be noted that on the whole district heating encompasses
about 50% of the prepared centralized heat consumption, and in individual
cities this index increases to 60-657.

Just as significant progress in the development of district heating has
turned out to be attainable in the continuous improvement and application
in practice of the developed set of advanced, technically new solutions.

One of the most important measures with respect to improving the operating
efficiency of the heat and electric power plants in the power system
consisted in equalizing the initial steam parameters at the heat and
electric power plantsand condensation electric power plants. The growth

- of the initial steam parameters of the heat and electric power plants first
of all was needed to increase the specific electric power generation at
the heat and electric power plants as the basic factor in saving fuel
during district heating,

For example, for the heat and. electric power plants having a turbine with

- counterpreasure, the specific fuel consumption for the generation -of
electric power in practice does not depend on the initial pressure. Thus,
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in particular, for the 26 kg—force/cm2 (2.6 MPa) turbines at the hydroelectric
power plant No 1 of Mosenergo [Moscow Power Administration] and the
R-50-130 turbines of the Grozna Heat and Electric Power Plant at 130 kg—force/cm
(13.0 MPa) this index is in practice identical, and it amounts to 150 and

_ 160 g of provisional fuel per 1 kilowatt-hour respectively (the difference
occurs as a result of the efficlency of the boiler units and the condensate
lorses). 'However, the fuel savings per gigacalorie released to the users
of the Grozna Heat and Electric Power Plant, if we compare it with the best
condensation electric power plant operating with a specific provisional
fuel consumption of 335 g/(kilowatt-hour) is almost twice that of the
Hydroelectric Power Plant No 1 of Mosenergo.

The improvement of the initial steam parameters for the heat and electric
power plant also gives indexes close to the condensation electric power plant
(for the same steam parameters) with respect to fuel consumption when

- operating by the condensation cycle. Nevertheless, the basic condition of
efficient operation of the heat and electric power plant remains the

- requirement of maximum generation of electric power with respect to the
district heating cycle, for which prolonged rated load of the taps of the
heat and electric power plants for heat release is required.

For the heating heat and electric power plants this growth of electric power
generation is possible as a result of attaching the year around hot water
supply load and also operation with an optimal district heating coefficient
within the limits of 0.5~0.65. The hot water supply loads on the heat and
electric power plants during 1950-1953 were relatively low and amounted to

. no more than 5 to 6% of the heating load. The residential construction
started in 1955 on a broad scale made it possible by 1960 to raise the pro-
portion of the hot water supply load to 10-12%, and subsequently to 14-15%
(with design calculations for the future to 25%). This proportion of the
hot water supply load offers the possibility of increasing the annual
number of hours of use of the rated thermal power of the turbine taps from
2200-2500 to 3500-3700 hours and more.

Increasing the maximum network water temperatures from 125-130 to 150°C in
practice was completed by 1955 at almost all of the heating networks of the
country, and the new types of turbines beginning in 1948 were produced with
an upper limit of adjustable tap of 0.25 MPa (absolute) (2.5 kg—force/cm ).
The conversion of the operating conditions of the heat and electric power
plants to heat release from the turbines from the alpha heat and electric -
power plants equal to 0,5 was held up as a result of significant increase
in cost for this heat and electric power plant connected with the installa-
tion of expensive and at the same time acutely short power steam generators
required to feed the steam through the pressure-reducing and cooling units
for the peakw~load network heaters.

The cardinal solution to this problem came only in 1959 when the peak-load
hot water boilers designed by the VII Institute and the Orgenergostroy
Administration appeared in the heat and electric power plants. The mass
installation of these boilers for heating network water from 110-115 to
22
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150°C provided almost universal conversion of the heat and electric power
plants for operation from the alpha heat and electric power plant equal

to 0.4=0.5, With these district heating coefficilents and proportion of hot
water supply about 10 to 15%, the number of hours of use of the turbine
taps increased to 4000-4500 with corresponding reduction in the generation
v of electric power by the condensation cycle, The application of the peak-
load water heating bollers permitted significant decrease in cost of heat
and electric power plants as a result of reducing the number of power
steam generators, The application of the two-tap VPT-25-90 turbines with
the water heating peak-load boilers at the heat and electric power plants
with mixed production-heating load sharply reduced the demand for turbines
with counterpressure which in practice wers not installed at the new heat
and electric power plants during the period before 1960 (the small heat
and electric power plants of the industrial enterprises with 2,5-4,0 mega-
watt turbines.constituted an.exception).

Beginning in 1953-1954, in connection with the increased oil extraction in
the Priural'ye [Ural] region, the construction of a number of high-capacity
oil refineries was started, for which heat and electric power plants were
required with a power of 200-300 megawatts. For these heat and electric
power plants, it was expedient to replace the installation of the 25 mega-—
watt turbines by turbines with a unit power of 50-60 megawatts. These
double~tap turbines were built in 1956 for a pressure of 9.0 MPa (90 kg-
force/cm?) at the Leningrad Metallurgical Plant and in 1957 at the UTMZ
Plant for a pressure of 13.0 MPa (130 kg-force/cmz). As the technological
process heating load increased at these plants and also with an increase

in construction of the chemical combines for the production of fertilizer,
plastics and artificial fiber having a steam requirement of 600 to 800
tons/hour, the necessity arose for the resumption of the production of
counterpressure turbines, but now for higher steam parameters, namely,

13.0 MPa (130 kg-force/cmz). The production of the counterpressure tur-
bines with a power of 50 megawatts was started at the Leningrad Metallurgi-
cal Plant in 1962.

The manufacture of R~50-130 turbines instead of the LMZ VR-25-2 turbines
for a pressure of 9.0 MPa (90 kg-force/cm?) solved three problems simultan-
eously: 1) an increase in initial steam parameters of 9.0 MPa (90 kg-
force/cm2) to 13.0 MPa (130 kg-force/cm2), a reduction in the counterpressure
parameters from 1.8 to 1.0 MPa (from 18 to 10 kg-force/cmz), which together

- offered an increase in specific generation for heat consumption from
38.2 to 50 kilowatt-hour/gigajoule (from 160 to 205 kilowatt-hour/gigacalorie)
and 3) an increase in the power of the counterpressure turbines to
50 megawatts, that is, making their power equal to the PT-50 turbines.

The absence of 50 megawatt turbines in the nomenclature of manufactured
. equipment for the heating heat and electric power plants led to the necessity
for the use of the PT type turbines at these heat and electric power plants
(for example, Heat and Electric Power Plant No 9, 11, 12, 16, 20 and 22
of Mosenergo, and so on), which increased the proportion of generation of

23
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060037-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060037-4

FUR UFFLULAL UdE UNLY

electric power by the condensation cycle at them and also significantly
lower the index of specific electric powar generation on heat demand.
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Figure 5. Theoretical heating diagram of the T-100-130
turbine installation
Pl-P7 — recovery system heaters; D -- deaer.tor; Bl, B2 —-
- network heaters of first and second heating stages:
Cli == tube bundle in the condenser for heating network water;
NICH -~ network booster pump; CH -~ network pump; NBK -~
peak-load water heating boiler; T ~ network water temperature.
Key:
1. to the seal ejector; 2. to the boiler. | o

In addition, the development of residential construction in the large
populated centers (Moscow, Leningrad, Kiev, Minsk and other cities) created
the base for the comstruction of a significant number of heating heat and
electric power plants with a capacity of 300~400 megawatts or more. For
this purpose, the UTMZ plant developed the plans for the T-50-130 and
T-100-130 turbines for purely heating purposes and in 1960, the output of
such turbines with 50 megawatt power was started, and in 1962, 100 megawatts.

The theoretical difference in these types of turbines was thk application
in them of two-stage heating of the network water as a result of lower
tapping at 0,05~0,2 MPa (absolute) (0.5~2.0 kgq-force/an) and upper tapping
0,06-0.25 MPa (absolute) (0,6-2.5 kg~force/cm®) with a possibility of
conversion of the turbines to the operating conditions with counterpressure
on condensation of the of the exhaust steam on the specisl surface (in the
network bundle) for heating the network (or makeup) water isolated in the
turbine condenser,
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Figure 6. Heating diagram of the water 1linme water of the
VII-Mosenergo .

A == heating system; I'B -~ hot water supply system; N1 and N2

=~ tap water heaters; PT -~ temperature regulator; PP =-

flow rate regulator; 3 and t, -~ tap water temparature;

7). and 1, == network ¥ater temperature
Key:
1. second stage
2. first stage -

The goal of lowering the pressure in the heating taps below 0.12 MPa

(1.2 kg-force/cm®) was stated many times for the nsnufacturing plants when
developing the plans for the VI-25 type turbines, and then the VPT-50
turbine, but it was not solved as a result of the danger of sucking air
into the low-pressure part through the steam tap fittings. The growth of
the culture of manufacturing the fittings and equipment permitted these
restrictions to be removed, which offered the possibility of significantly
increasing the generation of electric power in the heating demand from
107.4 to 138.5-148 kilowatt-hour/gigajoules (from 450 to 580-620 kilowatt-
hour/gigacalorie).

In subsequent years the manufacturing plants permitted the reduction of
the absolute pressure in the heating taps to 0.07-0.08 MPa (0.7-0.8 kg~
force/cm?) on the previously manufactured turbines of the VT and VPT types.

The theoretical heating diagram of the heating turbines with two-gtage
heating of the network water by the tapped steam during preliminary heating
in the condenser "bundles" and heating from 115 to 150°C in the peak-load
vater heating boilers 18 illustrated in Fig 5.

The most effective was operation of the turbines at the heat and electric
powver plants to which the thermal networks with the hot water supply users
included by the closed heating system for the tap water were connected (gee
Fig 6). In this system the return water from the heating systems is also
cooled and goes to the heat and electric power plant with a temperature

.
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of 30-50°C. The combination of the diagrams of the heat and electrie
power plants with respect to Fig 5 and the heat supply system of the
subgeribere with respect to Fig 6 offered the possibility of increasing
the value of the specific electric power generation to 148 kilowatt=hour/
gigajoule (620 kilowatt-hour/gigacalorie) at the heat and electric power
plants during the warm days of the heating season inasmuch as subsequently
the operation of such turbines with a minimum prﬁssure of the lower tap

of 0.03-0.04 MPa (absolute) (0.3~0.4 kg-force/cm®) was permitted.

In 10 years (from 1950 to 1960) more than 507 turbines were installed at
the heat and electric power plants with a pressure of 9.0 MPa (90 kg-force/
cn®) with a total power of about 9 million kilowatts.

As a result of an increase in the initial steam parameters, a reduction
in the average specific consumption of provisional fuel from 440-450 to
395 grams/(kilowatt~hour) was achieved for average fuel flow rates at the

condensation electric power plant of the same parameters at 437 g/(kilowatt=
hour).

The presented indexes for effective operation of the heat and electric
power plants were obtained for use coefficients of the thermal power for
- the production steam taps of 0,60-0,70 and for the heating taps about
0.45. At the heating heat and electric power plants with the VPT=50 turbines,
the use of the lower tap heating power was 63% and the upper (peak mode),
127,

The unit power of the heat and electric power plants in a number of power
systems increased from 75-100 to 125-150 megawatts.

With properly selected equipment for the heat supply of the industrial
enterprigses and the district heating of the cities in a significant number

of power systems the average specific fuel consumption with respect to the
system was found to be lower than at the best condensation electric power
Plants for the 9.0 MPa parameters. Thus, in the Bashkirenergo system with

a proportion of electric power generation for heat consumption of about

50%, the specific fuel flow rates through the system on the whole was

346 grams/(kilowatt~hour), Sevkavenorgo Power Administration 376 g/(kilowatt-
hour} ard Kuybyshevenergo,391 g!(kilowatt-hour).

Along with the construction in the power system of the high-power heat
and electric power plants in the isolated areas, the construction of the

- low-power heat and electric power plants using foreign equipment started
in the reconstruction period was continued,

The installation of the 50~100 megawatt turbines at the heat and electric
power plants with a pressure of 13,0 MPa (130 kg~force/cm?) started after
1960 had a significant increase in operating efficiency of the heat and
electric power plants as a consequence.
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By 1970, more than 100 new heat and electric power plants had been built

in the system of the USSR Minlstry of Power Engineering and more than 600
- district heating turbines had be=a installed., The total power of the

district heating turbines increased from 16.6 million kilowatts to

47.0 million kilowatts (including up to 35.0 million kilowatts with

reapect to the MES system) with an average power of the newly installed

turbines of about 60 megawatis,

As a result of the changes taking place during these years in the administra-
tive subordination, the number of general purpose heat and electric power
plants in the administration of the Miqistry of Power Engineering was

266 by 1970 (out of the total number of heat and electric power plants

equal to 943) with installed capacity of 35,900 megawatts with a total

power of all of the heat and electric power plants of about 47000 mega-
watts. The installed capacity of the turbines at a pressure of 13.0 MPa

(130 xg-force/cm2) reached 16.9 million kilowatts by 1970. Exceeding the
total power of all of the heat and electric power plants installed by

1960 (16.16 million kilowatts), the turbine power of 9.0 MPa (90 kg-force/cm )
by 1965 was about 12,0 million kilowatts, and in subsequent years it

changed insignificantly as a result of remavking the turbine power. This
remarking in 1970 was also performed for certain types of 13.0 MPa

(130 kg-force/em2) turbines: the turbine power of 50 megawatts was in-
creaged to 55 megawatts for the T-50-130 turbines and to 60 megawatts for

the PT-50-130-13 turbines (the new designation of the T-50/55-130 and
PT-50/60-130 turbines respectively).

The introduction of the higher powered 13.0 MPa (130 kg—force/cmz) turbines

into operation permitted a significant improvement of the quality indexés

of the operation of the heat and electric power plants. The consumption

of the provisional fuel at the best heat and electric power plants with the

T and PT turbines was reduced to 217 grams/(kilowatt-hour) with a specific

fuel consumption at the best condensation electric power plants with the

same parameters of 367.9 g/(kilowatt-hour), and at the condensation electric
- power plants with parameters of 24,0 MPa (240 kg-force/cm ), 362.5

g/ (kilowatt-~hour).

The proportion of electric power generation for heat consumption in 1970
was on the average about 547, and the specific generation for heat consump-
tion reduced to the heat of the steam taps, 60 kilowatt-hour/gigajoules

(252 kilowatt-hour/gigacalorie). In 1970 the T-50-130 and T-100-130
turbines had the highest value of the mean specific district heating genera-
tion of electric power at 438 and 431 kilowatt-hours/gigacalories respectively
(with an average tap load with respect to heat of 33 and 43%), and the
R-50~130 turbines at the lowest value, With a heat load of about 51,52

they generated a total of 48.7 kilowatt-hour/gigacalories [sic] (204 kilo=
watt-hour/gigacalorie) with a calculated generation of about 59.7 kilowatt-
hour/gigacalorie [sic] (250 kilowatt-hour/gigacalorie).

In spite of the insufficiently high use of the thermal power of the R-50-130
counterpressure turbines (by 1970 more than 40 units had been installed),
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in accordance with the claims of the planning organizations of the UTMZ
in 1969 the manufacture of still more powerful turbines had been started,
the operating conditions of which also were ingufficiently effective as a
result of the low thermal load at the heat and electric powar plants.

The fast growth of power and economy of condensation power plant and the
heat and electric power plants with a steam pressure of 13.0 MPa (130 kg~
force/cmz) created conditions under which the use in the power systems of
the equipment of the heat and electric power plants and the condensation
power plants with a pressure of 3.5 MPa (35 kg-force/cmz) having specific
consumptions at the 500-600 g/(kilowatt-hour) level in practice began to
lead to significant overconsumption of ti:ie fuel., By the initiative of the
ORGRES [State Trust for the Organization and Rationalization of Regional
Electric Power Plants and Networks] in 1959 at the individual condensation
electric power plants and the heat and electric power plants, operations
were started with respect to rebuilding the condensation turbines and

the turbines with tap and condensation at 2.(-2.9 MPa (26-2Y kg—force/cmz)
for operation under district heating conditions with lowered vacuum.

The total power of the condensation turbines rebuilt during the period from
1960 to 1970 into district heating turbines was 2.85 million kilowatts;
however, the increase in district heating power was a total of about

1.6 million kilowatts as a result of the reduction of the electric power

of the turbines. The total energy characteristic of the rebuilt turbines

is presented in Table 6 from which it follows that among the rebuilt turbines
it turned out to be possible and expedient to also include the K-50-90

and K-100-90 turbines for pressure of 9.0 MPa (90 kg-force/cmz) along with
the AK-25 and AK~-50 turbines with rebuilding of the K-50-90 and the K-100-90
as turbines with counterpressure or with regulatable tap.

Simultaneously condensers of a significant number of the T-25-90 and
PT=-50-90 turbines were adapted on the basis of the operating experience of
the T-50-130 and the T-100-130 turbines for heating the network water with
the corresponding worsening of the vacuum but without loss of electric
power.

) | The secondary (after almost a 30-year break) appearance at the heat and
electric power plants with a significant number of turbines with worsening
of the vacuum did not indicate that the initial failure to use them was
erroneous. The unfavorable properties of such turbines for operation in
the power systems connected with a reduction in their maneuverability with
small heating loads remained unchanged. However, the power of the heat and
electric power plants growing during this period in the power systems to
50 million kilowatts permits compensation for this deficiency as a result
of operation of the type T and PT units and the KES [condensation electric
power plants] superhigh parameters, inasmuch as the proportion of the total
power of the rebuilt turbines will be less than 1.5% of the power systems.

-

28
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060037-4



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100060037-4

FOR OFFICIAL USE ONLY

Table 6

Rebuilding of the Condensation Turbines into District
Heating Turbines
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1. Type of turbine 12. Heating tap 100 ton/hr
2. Initial parameters 13. Counterpressure
3, Consumption of live steam, ton/hr 0.1-0,2 MPa 2
4, Rlectric power, megawatts (1-2 kg-force/cm”)
S. Tapping or counterpressure after 14. Heating tape 125 ton/hr
rebuilding - 15, Tap 0.7 MPa
6. Specific consumption of provisional (7 kg-force/cm?), 225 ton/hr
fuel. for the protection of electric 16. Counterpressure 0.8 MPa
power at the thermoelectric power (¢} kg—force/cmz)
plants, g/(kilowatt-hour) 350 ton/hr
7. Before rebuilding 17. Tap 0.2 MPa 2
8. After rebuilding (2 kg-force/cm*)200 'ton/hr
9. MPa
10. kg-force/cm?

11. °C

The unit power of the heating heat and electric power plants reached

650 megawatts by 1970 (Heat and Electric Power Plant No 20 of Mosenergo),
and the industrial heating plants, 400 megawatts (Tol'yatti Heat and
Electric Plant). The total release of steam at these heat and electric
power plants was about 60X of the total released heat, and at individual
heat and electric power plants it exceeded 1000 tons/hr,

The condensate loss at a number of the heat and electric power plants was
30-40%. However, the progress made in the field of water preparation at
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the heat and electric power plants with high and superhigh parameters
(the application of chemical desalination) made it possible to release
steam at the heat and electric power plants, as a rule, directly from the
turbine taps, that is, without installing the steam converters., The unit
output capacity of the housings of the steam converters at the heat and
electric power plants where they were installed for any reason reached

50 tons/hour.,

During operation of the heating heat and electric power plants with turbines
adapted for two-stage heating of the network water, contradictions arose
between the optimal conditions of such turbines and the operating conditions
of thermal networks using the two-stage heating system for the tap water

for hot water supply systems. These contradictions consist in the fact

that during the nighttime hours in the absence of domestic consumption of
heat, the return water temperature in the heating networks increased by
20-30°C and in the cold part of the year at a number of the heat and
electric power plants, it rose to 80-90°C (as a result of the "overheating"
of the buildings unavoidable in such a system). At the heat and electric
power plants this increase in temperature of the return water meant 4
reduction in the district heating power of the T-50 and the T-100 turbines
as a result of forcing the taps by the heat at the peak-load boilers.

Independently of this situation, at the heating heat and electric power
plants fully loaded with respect to heat in the power systems of the

center and the western part of the country, by request of the dispatchers
it was necessary also to lower the electric power of the district heating
turbines during the night hours of transmission of the minimum electric
loads which also was connected with losses of possible fuel savings as a
result of the replacement of the turbine taps by release of heat from the
hot water boilers of the heat and electric power plants. This nighttime
loading of the heat and electric power plants with respect to heat is
connected with losses of 100 tons of fuel per day for each 100 megawatts

of power of the district heating turbines. As the experience in the opera-
tion and maintenance of the heat and electric power has demonstrated, the
least loss in fuel savings from unloading the T-taps during the minimum
electric load hours of the power systems came from the heat and electric
power plants, the equipment of which included the PT type turbines, inasmuch
as during these periods of the day, the release of heat to the heat con-
sumers could be (according to the load conditions of the steam users)
switched from the T-taps to the P-taps.

In connection with the requirement of the sanitary inspection agencies for
improvement of the cleanness of the air in a number of the heat and electric
power plants located directly in the cities, the burning of coal was
replaced by using natural gas and fuel oil. The new heat and electric
power plants of the large cities ~~ Moscow, Leningrad, Kiev, and so on --
began to be constructed for operation only on gas and fuel oil, Altogether
by 1970, in the fuel balance of the heat and electric power plants the
proportion of gas and fuel oil increased from 30% in 1960 to 55%, and with
a reduction in the proportion of coal, from 68 to 38Z.
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At the heat and electric power plants of Moacow with a total electric
power of 3.5 million kilowatts and a thermal power of 50,280 gigajoules/hr
(124103 gigacalorie/hr), tha proportion of gas and fuel oil in 1970 was
73%, and coal, a total of 27%,

The total savings of fuel at the general purpose heat and electric power

plants of Minenergo [the Ministry of Power Engineering] increased from

4 million tons in 1960 to 20.5 million tons in 1970, from which more than
13 million tons (or about 65%) were obtained as a resilt of the operation
of heat and electric power plants having an ndditiona steam pressure on

the turbines of more than 3.5 MPa (35 kg-force/em?).

Development of the Heat and Electric Power Plants During the Execution of
the Ninth Five-Year Plan of Development of the National Economy (1971-1975).
By 1975 the power of the heat and electric power plants had increased to
58.5 million kilowatts with an annual heat release of about 3820 million
-gigajoules (915 million gigacalories), of which 2840 million gigajoules

(680 million gigacalories), or about 75%, came from the heat and electric
power plants of the Ministry of Power Engineering. The dynamics of the
variation of the basis indexes of the development of the heat and electric
power plants by 1975 are presented in Table 7.

As follows from this table, during the 1971 to 1975 period, the operating
efficiency of the heat and electric power plants increased significantly,

and the proportion of the electric power generation at the heat and electric
power plants increased by almost 33%., During these years, the equipment

of the heating heat and electric power plants included the T-250/300-240
turbines for transcritical steam parameters of 24.0 MPa (240 kg-force/cm®)
and 540°C with the application of industrial superheating, and for industrial
heating heat and electric power plants of UTMZ in 1973 the PT—135/165 130
turbine was manufactured for pressure of 13.0 MPa (130 kg-force/cm?).

By 1975 seven of the T-250/300-240 turbines and three of the PT-135/165-130
turbines had been installed. The theoretical heating diagrams of the
T-250/300-240 turbine is presented in Fig 7, and for the PT-135/165~130
turbine, in Fig 8. 1In addition, as a result of the improved use of the
carrying capacity of the high-pressure part and medium pressure part of the
60-and 100 megawatt turbines, remarking of their power was accomplished
with an increase in it for the 60 megawatt turbine to 75 megawatts and the
-100/105 megawatt turbine to 110/120 megawatts.

The composition of the turbines with respect to the parameters and power
at the heat and electric power plants and the Ministry of Power Engineering
and the basic operating indexes of them are presented in Table 8,

In accordance with the improvement in structure of the district heating
turbines by the initial steam parameters, the proportion of ths generation
- of electric power by the turbines at 13.0 MPa (130 kg-force/cm“) increased
from 41% in 1970 to 54,8% in 1975, and the fuel savings by the turbines in
this group, from 6,35 to 9.7 million tons, The total fuel savings from the
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operation of the heat and electric power plant increased from 20.5 million
. tona in 1970 to 27,2 million tons in 1975 with a reduction in the epecific

fuel consumption for the Qeneracion of electric power by the 13,0 MPa

turbinea (130 kg-force/cm“) from 283.2 to 264 g/ (kilowattwhour),

Table 7

Development of the General Purpose Heat and Electric Power
Plants of the Ministry of Power Engineering

Tloraspreat ) T e s .. | 1870, 1078 -
(2) pgcmmaneuusm MOUIHOCTE TeMAOGHKAUHORNBIX 1,4 2,7 36,9 48,1
TypouH, uan, xBr .
3) Y BupaGotka saextposHepri, Mapn. kBr-u/ron | 65,8 | 135,0 | 1953 |. 248,2
(4) .“enon"n oigouauuuponuuol supabotki saexrpo- | 31,5 41,0 84,0 61,7
e :
5) o rn;ycs; renna or T3, ma. Tldw/roa (?23 .sl)) '(33;8'3) %é%f;.% Q(ggg.g'
'xan o3 2 !
g?; Dlonn otnyexa Teaa 8 ropaueil soge, % 27:0 34,6 42:0) » 4,0
* Yeasnas sbipaboTka SnekTpodueprint ud ten. | 40,6 80,1 60,1 (9.0
A¢ 13 oréopon Typbitt, kBT .u/ [l (kBT 4/ TKan) (170) (210) (255) (2069)
(8) Yaeashuil_pacxoa_y¢so8 tonausa Ma of- | 462 397 U | N4
ny\eRHyI0_ STEKTPOSREPLILO._ 0T . 1L, T/ (KBT-y
(9) MToncis KK Y| a5 | 4 | e | 2654

Key:
1. Index
2, Installed capacity of the district heating turbines, miliions of.
kilowatts , ,
B 3. Generation of electric power, millions of kilowatt=-hour/year
4. Proportion of combined electric power generation, 2
S. Release of heat from the heat and electric power plants, millions
of gigajoules/year (gigacalorie/year)
6. Proportion of heat release in hot water, z
7. Specific generation of electric power for heat from the turbine
taps, kilowatt-hours/gigajoules (kilowatt-hour/gigacalories)
8. Specific provisional fuel consumption for released electric
power from the heat and electric power plants, g/ (kilowatt-hour)
- . 9. The same with respect to condensation electric power plants

All 15 all, the proportion-of the total fuel savingb,from operation of the
heat and electric power plants with parameters of 9.0 and 13.0 MPa
(90 and 130 kg-force/cmz) increased from 66% in 1970 to 73% in 1975 with

the corresponding reduction of the proportion of the heat and electric
power plants of lower parameters. '
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Figure 7. Theoretical heating diagram of the T-250/300-240
turbine "

1 —- condenser; 2 -~ chemical purification and deaeration of
the makeup water; 3 -~ first stage network heater; 4 -~ gecond
. stage network heater; 5 -- peak~load water heating boiler;
. I = makeup water of the heating network; II -- return network
water; III -~ circulating water; IV -- network water
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Figure 8. Theoretical heating diagram of the T-135/165-130
turbine installation
usa, uc, 4wm. = high. medium and low pressure cylinders;
2 -- deaerator; ‘“psn. —- feed electric pumps;
uBsand =~ high and low pressure heaters;
KH -- condensate pumps; CIT -- network heaters; CO —
packing and cooling agent; ‘9X -- ejector; CH -- network
pump . ,
Stop valve
Live steam from the boilers
To the boiler

- Direct network water

Return network water

. Chemically purified water feed

0.6 MPa
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. Table 8
Basic Operating Indexes of the General Purpose Heat and Electric
Power Plants of the Minlstry of Power Engineering
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[See key on p 35]
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{Key to Table 8, p 34]:

1. Type of turbine

2, Year

3. No of turbines

4, Total electric power,‘lo6 kilowatts

5. Total thermal power, gigajoules/hr (gigacalorie/hr)

6. Generation for heat consumption, 2

7. Specific generation of electric power for heat consumption, kilowatt-hr
/gigajoule (kilowatt-hour/gigacalorie)

8, Calculated

9, Actual

20, o of hours of use of electric power, hours/year

11, No oF wuyrs of use of thermal power, hours/year
12, Average turhine loaa, megawatts

413, Specific fuel consumptium, g/ (kilowatt=hr)

14. PT-50/60-~130

15. R-50-130

16. R-100-130

17. All turbines at 13.0 MPa (130 kg~force/cm?)

18. All turbines at 9.0 MPa (90 kg~force/cm?)

19. All turbines at 4.5 MPa (45 kg—force/cmz) and lower

20. All heat and electric power plants of the Ministry of Power Engineering

Table 9

Basic Operating Indexes of the Minenergo [Ministry of Power
Engineering] Heat and Electric Power Plants

N ’ OTmyex anexTpOMMED. "““".:ﬁmm

Hrwnuos tuaso w08 Q)" Toomepono, rigra - (3)
) s Jism®. | ms [1ora: [108s 1o, J1ena- |rom
(g) 13,0 Mlla &30 xre/eu) 22,61 41,3| 51,0 52,6 {338,0 | 283,2 | 269,7 | 267.%
9,0 MIla (90 Kre/cu?) 46.3] 36,8 34,0 33,4 | 366,0 |326,1 | 3064 | 299,7
(6) 5,4—7.,4 Mla (54—T4 xre/eu®) | 4,1{ 2,2| 2,1] 1,5 13620 |333,0 12780 |270,0
(7) 3:6 Mila (36 we/cu?) 1 28.0] 19,7 12,9} 12,5 | 494,0 [411,0 [339,0 | 3333
100,0{100,0|100,0 | 100,01} 397,0%| 324,0¢| 291,3¢| 286.5*

(B) ' Crennne nvuvernn

Key
1. 1Initial steam pressure of the TETs turbines
2. Release of electric power, %
3. Specific consumption of provisional fuel for the released electric

‘ power, g/(kilowatt=hr) ..

4, 13,0 MPa (130 kg-force/cm2) 6, 5.4~7,4 MPa (54~75 kg-force/cmz)
5., 9,0 MPa (90 kg-.-force/cmz)_' 7. 3.6 MPa (36 kg~force/cm2)
8, ‘*mean values
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More detailed information about the structure of fuel economy at the
Minenergo Heat and Electric Power Plants is presented in Table 9, From
this table it follows that not only at the heat and electric power plants
with high steam parameters but also at thoae operating with an initial
pressure below 4,5 MPa (45 kg-force/cm ) a significant reduction in the
specific fuel consumption for generation of electric power from 411 to

333 g/ (kilowatt~hour) respectively was achieved. This reduction in the
fuel consumption was reached as a result of the rebuilding of the turbines
of these parameters into counterpressure turbines and with worsening of

the vacuum. In addition, it must be noted that in essence the rebuilding
of these turbines gives relatively small improvement of the indexes of this
group of turbines and the operation of all of the heat and electric power
plants of the Ministry of Power Engineering as a whole. The dismantling

of these turbines with the transfer of their thermal loads to the high-
parameter heat and electric power plant can provide additional fuel savings
to 2,0-2,5 million tons per year.

From the data presented in Table 7 it follows that as a result of the lag
in building the heating networks from the heating heat and electric power
plants, the heat release from them gives a total of about 1257 million
glgajoules (300 million gigacalories) with an installed capacity of the
turbines insuring heat release to 1592.2-1676 million gigajoules (380-400
million gigacalories) per year. If we assume that about 125.7-167.6 million
gigajoules (30-40 million gigacalories) must be conserved at the heat and
electric power plants in the form of a reserve for subsequent years, the
underrelease of heat from the heat and electric power plants in the amount
of 209.5-251.4 million gigajoules (50-60 million gigacalories) actually
lowers the savings from the district heating by 2.0-2.5 million tonms.

The reduction in fuel savings as a result of unloading the turbine taps
of the heat and electric power plants during nighttime can be estimated
in the amount of about 1 million tons per year.

Thus, as a result of the organizational and the regime measures, the fuel
savings achieved by 1975 from the operation of the heat and electric power
plants could be increased by more than 10%. The elimination of these
deficiencies is one of the basic problems of the development of district
heating in the Tenth Five-Year Plan.

With respect to the development of the heat and electric power plants,

district heating and centralized heat supply the USSR quantitatively and

qualitatively greatly leads the USA and the industrially developed coun-
. tries of Western Europe.

The beginning of district heating abroad belongs to 1877 (United States of
America). By the 1970's therc were a total of about 100 heat and electric
power plants in operation in the United States (basically at industrial
enterprises) and 400 units for centralized heat 'supply to 300 cities.
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The majority of the installations in the cities are the low parameter
steam boilers belonging to private companies, The central parts of the
capital of the United States, Washington, D. C., are supplied with heat
from the government steam boiler., In the largest heating supply system
in the United States in New York there are two heat and electric power
plants in operation with a total power of 540 megawatts; four counter-
pressure turbines of 50 megawatts each at the Waterside Plant and a
340-megawatt condensation turbine with nonadjustable steam tap of

180 ton/hour at the Astoria Plant (for the heat supply of the gas plant).

The total centralized heat released in the United States will reach

1670 million gigajoulea (400 million gigacalories) per year; of this

about 902 is from industrial heat and electric power plants with an
installed capacity of about 10 million kilowatts (basically counterpressure
turbines). The most widespread type of heat and electric power plant 1s
basically the block station of up to 100 megawatts at the enterprises of
the petrochemical, chemical and paper industry. The power of the heat and
electric power plants is determined, as a rule, by the electricity con-
sumption of the enterprises of the block station owners which is the result
of the practice in the United States of issuing separate licenses to the
district electric power aupply and the heat supply. Among the most power-
ful industrial heat and electric power plants built in the United States

in the last 10 to 15 years it is necessary to mention the heat and electric
power plants of the Linden Petrochemical Complex with two central heatifg
turbines of 225 megawatts each for 13 MPa (130 kg-force/cm?) and 535°C

with adjustable steam tap and condensation and at the heat and electric
power plants of a number of oil refineries at which two to three units are
installed each with counterpressure turbines of 50 megawatts each.

In Western Europe the district heating units reached the greatest develop-
ment in the Federal Republic of Germany where the total power of the heat
and electric power plants is about 4.0 million kilowatts and the heat
release about 209 million gigajoules/year (50 million gigacalories/year).
Among the district heated cities are Hamburg, Munich, and Mannheim,
Dusseldorf, and so on, the extent of the heating networks in which is

40 to 80 km with maximum heat release to 628 gigajoules/hour (150 giga~-
calories/hour). The total number of centralized heat supply units in the
Federal Republic of Germany is about 800, and of them about 100 are built
as heat and electric power plants with a total heat release to 50,300
gigajoules/hour (12000 gigacalories/hour). The most widespread are the
counterpressure turbines of 10-15 megawatts, including the turbines for
superhigh and transcritical steam parameters. In contrast to the United
States, block heat and electric power plants in the Federal Republic of
Germany participate in the covering of the variable part of the electrical
chart of thu power system for which at the heat and electric power plants
in addition to the counterpressure turbines, frequently low-parameter
condensation turbines are installed which are included as the second low
pressure shafts to the turbines with counterpressure (analogously to the
scheme in Fig 1). In order to increase the maneuverability of the heat
and electric power plants in recent years, steam and gas units are
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installed at some of them made up of the 30~40 megawatt gas turbines
and the 70100 megawatt steam turbires and more.

The district heating in Denmark has received broad development in the
postwar period where the centralized heat supply units cover more than
40X of the heat consumption of the country, of them about half are the
proportion of the hea:t and electric power plants. A characteristic
feature of district heating in Denmark is the district heating of the
emall gettlements from the rayon district condensation electric power
plants with heat release from the nonregulatable taps of the condensation
turbines. At the heat and electric power plants in Odense and Elsberg,
turbines were:installed with 131 and 175 megawatts with steam taps and
condensation for initial steam parameters of 14.5-17.5 MPa (145-175

-force/ecm®). The total heat release from the heat and electric power
plants reaches 4.0 million gigajoules/year and approximately the same
amount is released by the 420 municipal district boilers.

The fuel and energy crisis started in 1973 4in a number of foreign countries
led to the fact that the problems of saving fuel and efficient construction
of the fuel and energy balance have begun to be included among the primary
problems subject to government control.

A comparison of the paths of development of power engineering in the USSR
and in the foreign countries encompassed by the fuel crisis permits
establishment of the indisputable advantages of the course taken in the
USSR toward a comprehensive development of district heating as the basis
for the efficient construction of the energy balance of the country with
ninimum consumption of fuel resources,

COPYRIGHT: Izdatel'stvo "Energiya", 1977

10845
CSO: 8144/1389
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ELECTRIC POWER AND POWER EQUIPMENT

ROLE OF CENTRAL HEATING SYSTEM IN POWER ENGINEERING, NATIONAL ECONOMY
Moscow TEPLOFIKATSIYA SSSR in Russian 1977 pp T-2h

(Article by Ye. I. Borisov of the USSR Ministry of Power and Electrification
and V. P. Korytnikov of the All-Union Scientific Research and Design Insti-
tute for the Power Industry in the collection of articles edited by S. Ya.
Belinskiy and N. K. Gromov "Teplofikatsiya SSSR" (The Development of the
Central Heating System of the USSR) Energiya 312 pages]

(Text] 1In the history of all the generations of mankind the grandiose cre-
ative activity of the Leninist Communist Party will always serve as an ex-
ample of the profound scientific elaboration and practical solution to the
fundamental problems of transforming social relationships and satisfying
the material and spiritual needs of man. In all stages of communist con=-
struction the central concern of the CPSU has been and is the creation of
a powerful material and technical base which would be used for a continuous
- rise in the material and cultural standard of 1living of the people, for
ensuring high development rates of socialist production and improving its
economic efficiency, as has been affirmed in the decisions of the 25th CPSU
Congress.

In the development of the productive forces a major role is played by power
and its most progressive basis, electric power. In 1975, the production of
electric power for the nation reached 1,038,000,000 kilowatt hours, and the
installed capacity of all the power plants was 218,000,000 kilowatts. A
new important goal had been achieved bty the Soviet state in creating the
materiel and technical base of communism. There have been major advances
both in the area of developing thermal power as well as in the area of
hydropower construction. Our nation has built the world's largest hydro-
power plants with a capacity of 4.2 and 6 million kilowatts. In terms of
the per capita production of electric power, the USSR has reached the level
of the economically most developed nations of the world.

The thermal power plants compriie the main basis of the nation's power,
generating around 87 percent of the total electric power. The achievements
of Soviet thermal power are significant.
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The largest Krivoy Rog ORES has gone into operation with a capacity of
3 million kilowatts, and new unique thermal power plants are being designed
with a unit capacity of b and 6.4 million kilowatts. In 2975, there were
132 power units in operation with a capacity of 300 megawatts. Units with
_ a capacity of 500 and 800 megawatts have been developed. The first turbine
unit with a capacity of 1,200 megawatts has been developed for installation
at the Kostroma GRES. At the Leningrad Atomic Power Plant two units have
been put into service with reactors of 1 million kilowatts each.

The central heating system is a most important component in Soviet thermal
pover. In November 197k, this area of power development marked its 50th
anniversary. The elaboration of the scientific and technical bases for the
combined production of electric and thermal power, the development of many
types of specimlized equipment for the TETs and the heat transporting sys-
tems, and the solution to numerous scientific, technical and practical prob-
lems involved in the building and operation of large central heating systems
were an accomplishment of Soviet scientists and engineers. It must be em-
phasized that the idea of the extensive production of electric and thermal
power by the combined method and the centralized power supply from large
sources conform fully to the underlying principles of the comprehensive
development of the national economy on the basis of electrification. These
most important provisions were formulated in Lenin's GOELRO [State Commis-
sion for the Electrification of Russia] Plan which established the basic
principles for the creation of socialist industry as a foundation for build-
ing a communist society.

The CPSU Central Committee and the Soviet government have always given great
attention to the development of Soviet power. More than 20 billion rubles
were spent in jJust the Ninth Five-Year Plan for building power plants and
electrical and thermal networks. Some two~thirds of the boiler and furnace
fuel is consumed for the needs of the nation's riectric and thermal power
supply. The enormous outlays on the developmen: of the nation's power and
fuel supply necessitates the rational utilization of the fuel and energy
resources. In solving this problem of great significance is the broad in-
troduction of centralized heat supply and above all the development of
central heating from the TETs, as around 40 percent of the boiler and fur-
nace fuel is consumed for heat supply needs.

The operation of the first common-use heat line from the Leningrad Power
Plant No 3 (25 November 192L4) is considered to be the beginning of the de-
velopment of central heating in our nation, and this was followed by the
experimental TETs of the VTI {All-Union Institute of Heat Engineering] in
Moscow (1928). On the basis of this first experience, construction was
then started on central heating installations in Rostov, Khar'‘kov, Kiev,
Yaroslavl', Ivanov, Samara, Kazan' and other cities.

Being an important component in thermal power, the central heating system

in keeping with its quantitative and qualitative growth has assumed ever
greater significance 8s one of the basic directions in the electrification
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of the USSR and the rational shaping of the fuel and energy balance. 1In -
providing for the generating of electric power in heat consumption with sub-
stantially lower specific fuel consumptions in’comparison with the KES [con-
densation type power plant], central heating has stimulated technical prog-
ress in heat engineering as a whole. At the same time the advances in im-
proving the technical level in the development of the KES have strengthened
the search for methods and means for improving the central heating systems.
At the end of the 1920's, extensive scientific research and experimental
work was started on a further increase in steam parameters on the basis of
two experimental central heating units. A small TETs was built in Moscow
and a comparatively large one in Berezhniki with a steam pressure of 6.0
megapascals, At the same time this new direction made headway with great
difficulty. The Commission for Central Heating under the Department of
Industrial Power of the USSR All-Union Council of People's Commissars as
well as the Committee for Central Power of Glavenergo [Main Power Supply
Administration] of the People's Commissariat of the Fuel Industry helped
greatly in defending this direction. A major contribution to defending

the ideas of central heating was made by such Soviet scientists and en-
gineers as L. L. Ginter, V. V. Dmitriyev, Zh. L. Tanner-Tannenbaum, V. M.
Chaplin, M. 0. Grinberg, A. A. Krauz and others. On 1 January 1931, the
total capacity of the central heating units was 210 megawatts, and the
length of the common-use heating networks was U5 km with an annual heat
output of 6.3 million gigajoules (GJ] (1.5 million gigacalories [Geal]).

Extensive development of central heating started in the 1930's after the

decision of the June (1931) Plenum of the VKP(b) [All-Union Communist

Party (Bolshevik)] Central Committee "On the Moscow Municipal Economy

and the Development of the Municipal Economy of the Nation" which stated:

"The Central Committee feels that in the further plan for the electrifica-

tion of the nation full consideration should be given to the task of the

all-out construction of large TETs."! -

In 1931, construction was started on the experimental TETs of the VTI with
superhigh pressure (13.0 megapascals [Mp], 500°C), and in 1934, a Soviet-
built Ramzin design straight-through boiler (the first in world power en-
gineering) was installed at this TETs with a steam productivity of 160/200
tons per hour and parameters of 1L.0 Mp and 500°C with intermediate steam
superheating.

In the period 1931-193k4, the total capacity of the TETs was increased by
660,000 kilowatts (about 20 percent of the total increase in capacity for
all power plants) and was 870,000 kilowatts. Heat output increased by
6.5-fold, and the fuel savings due to central heating in 1934 were over

1 million tons. The following plants were built and put into operation:

- 1"¥pss v Rezolyutsiyakh i Resheniyakh" [The CPSU in Resolutions and Deci-
sions], Vol 4, Moscow, Gospolitizdat, 1970, pp 551-552.
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the Kuznetsk TETs with 84 megawatts, the Berezniki TETs with 93 megawatts,
the TETs of the Yaroslavl' Combine with 25 megawatts, the Krivoy Rog TETs

- with 25 megawatts, the Lipetsk TETs with 24 megawatts, the TETs of the
Gor'kiy Motor Vehicle Plant with 2l megawatts, the TETs of the Khar'kov
Tractor Plant with 15 megawatts, the Lugansk TETs with 16 megawatts, the
TETs of Uralmash [Urals Machine Building Plant] with 10 megawatts, the
Groznyy TETs with 25 megawatts, the TETs of the VTI with 36 megawatts, the
Krasnozavodskaya Station in the city of Khar'kov with 25 megawatts, and the
Kazan' TETs with 20 megawatts.

The length of the common-use heat networks had inereased up to 200 km.

By this time on the basis of the successes achieved in the industrialization
of the nation during ine First Five-Year Plan, there was the rapid develop-
ment of Soviet power machine building.

In 1940, the nation had in operation around 100 TETs with a total capacity
of 2,000 megawatts, and the heat production from them was 104.85 million

GJ (25 million Geal), that is it had increased by 17-fold, while the length
of the heating networks was 650 km, and the annual fuel savings had reached
2.5 million tons. On the basis of TETs, power supply was also provided for
the large industrial centers.

In terms of the total production of electric power (43 billion kilowatt hours)
and the capacity of the thermal power plants [TES] (9.6 million kilowatts),
the USSR reached second place in Europe. The USSR manufactured the world's
first steam turbine with a power of 100 megawatts at 3,000 rpm.

An important feature of prewar Soviet thermal power was that it developed

on a basis of chiefly using local low-grade types of fuel such as anthracite
culm, brown coal, and peat, and this was of great national economic signifi--
cance,

During the period of the Great Patriotic War, dependable fuel supply for the
powver plants was provided on a basis of the local types of fuel. Regardless
of the fact that around 60 TES were partially or completely destroyed with

a total capacity of around 5 million kilowatts, including many of the TiTs,
however due to the measures which were undertaken in the nation, by 1945

the capacity of the TES was 9.9 million kilowatts (in 1940, 9.6 million
kilowatts). By the beginning of 1951, the capacity of the TES had in-
creased up to 16.39 million kilowatts, and the output of electric power

at them in 1950 had reached 78.53 billion kilowatt hours. The share of
high pressure units rose from 3 percent in 1940 up to 20 percent in 1950.
The total capacity of the central heating units in 1950 was 3.7 million
kilowatts, or more than 22 percent of the total capacity of the TES.

By the beginning of the 1950's in the area of electric power production at
the TES, the task of increasing electric power output was solved by a fur-
ther increase in the capacity of the GRES and individual units, as well as
a changeover to high and superhigh steam parameters. In 1953, the first
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thermal power units went into operation with parsmeters of 17.0 Mp and
550°C with secondary steem superheating. In 1954, there was the beginning
of n new stage in the development of Soviet thermal power, as in this year
the world's first atomic power plant [AES] went into operation.

In the period 1951-1955, the completion of new capacity and the output of
electric power at the TES almost doubled, and the average annual increases
were 13.8 percent for capacity and 13.4 percent for the generating of elec-
tric power. On the basis of units with a capacity of 50 and 100 megawatts,
the unit capacity of the large TES reached 40O megawatts. By the beginning
of the Seventh Five-Year Plan (1959-1965) the capacity of the TES was 42.8
million kilowatts, and the output of electric power was 188.8 billion kilo-
watt hours.

At the same time up to 1961, the basic central heating units serially pro-
duced by industry had capacities of 6, 12 and 25 megawatts. The smaller
central heating equipment in comparison with the KES led to an excessively
high (350-450 rubles per kilowatt hour) cost of an installed kilowatt of
power at the TETs, and objectively delayed the development of central heat-
ing. Nevertheless, during the period of 1951-1960, the installed capacity
of the TETs rose by 12.9 millien kilowatts, and was 16.6 million kilowatts,

- while the proportional amount of the total capacity of the central heating
units in the total capacity of the TES ‘increased up to 32 percent.

In 1960, heat production frem the TETs was more than 1,130,300,000 Gj (270
million Geal), or more than 43 percent of the demand for heat of industry
and the cities. :

Characteristic for the designated decade was & rise in the concentration of
the thermal loads in the large cities and industrial centers, and on the
basis of this there was predominant development of large regional public
TETs the capacity of which in 1960 was around 72 percent of the capacity of
all the TETs, and heat production was around 53 percent.

In 1960, the public TETs were connected with consumers by heating networks
with a total length of 3,450 lm. The share of electric power output by the
central heating units of this group of TETs was in the same year 35.5 percent
of the total output by all the TES. Some 31.5 percent of the total output
by the central heating units was generated in heat consumption.

The following data show the scale of the concentration of heating loads:

in 1950, the Moscow TETs produced over 8.38 million Gj (2 million Geal) of
heat, and in 1961, the same heat production was reached also by 13 cities

of the European USSR (Leningrad, Kiev, Khar'kov, Yaroslavl' and others)

as well as several cities in Siberia and the Urals (Novosibirsk, Krasnoyarsk,
Chelyabinsk, Ufa, Perm' and others). Particularly high development rates

in the central heating system were reached in the decade from 1960 through
1970, when substantial quantitative and qualitative shifts occurred in the
area of central heating. The capacity of the TETs in the nation rose by
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2.7=-rold and by the end of 1970 had reached 45 million kilowatts, and heat
production was 2,933,000,000 GJ (700 million Geal). The proportional smount
of the central heating units (in terms of capacity) with an initial pres-
sure of 13.0 Mp was around 40 percent, 53 percent for those with a unit
capacity of 50 megawatts and over, and 54 percent for the share of electric
power output from heat producing units. The average weighted specific con-
. sumption of conditional fuel units on the generated electric power in 1970

- . was 309 grams per (kilowatt hour) at the TETs equipped only with central
heating units, and 297 grams per (kilowatt hour) at the analogous TETs of
the Minenergo [Ministry of Power and Electrification], that is, lower,
respectively, by 55 and 67 grams per (kilowatt hour) at the best unit GRES.
The dynamics of capacity growth at the TETs and the production of heat from
them from 1930 up to the present is shown in Fig. 1.

oy’

T
T

e e

L.
2 . sob N

s il N
w90 (1000)} W

UL AR

282 ()} ol
245 (700) + |
i5m (s} ¥

2095 (so) } 20
6 (W)t 5
nst (B ol
w (200}
s mut Y A
1990 1990\ 1581 130 | GRIUIT S S T

WEO I IS 1961 199 (81 0B 195
il W, PR ey 1se8 155 1976 1972 197

years . years

™7 5 T 7 5 5 1.7

Fig. 1. Growth dynamics for Fig. 2. Length in kilometers of
capacity of TETs and heat produc- main heating networks of the USSR
tion from them. Minenergo.

Q--heat production; n--capacity

From the very outset of its development, the Soviet central heating system
has followed an unique path. Hot water (in contrast to the United States
and the Western European nations where basically steam is used) has been
employed as the heat carrier for heating, ventilating and in certain in-
. stances for production needs. In the USSR, for the first time in the world,
‘an open heat supply system with the direct use of system water for domestic
hot -water supply was developed and widely introduced.

- In our nation a skilled school of heating power engineers has developed and
this has created the scientitfic bases of central heating and has ensured
its rapid. development.
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The Soviet power machine builders have developed highly economic turbines
with steam bleeding for two-stage reheating of the system water or make-up
water of the heating system. The sclentists, designers and workers of all
the central heating subdivisions have traveled a difficult path from the
production of the first Soviet turbine with a capacity of 12 megawatts in
1931 to the creation of the world's largest central heating turbine unit
with a power of 250/300 megawatts with supercritical steam parameters. For
the first time the plans of heating TETs were worked out using a new design
for the peak water heating boilers with & heat productivity up to T54 GJ
per hour (180 Geal per hour) inclusively.

Our engineers have also developed new designs of heating networks, a method
has been proposed for the technical, economic and hydraulic calculations for
the heat transport systems, and standards for production designing, the pro-
duction systems of the TETs and their rational layout have been worked out.

In terms of the development scale of central heating, the USSR holds first
place in the world, in significantly outstripping the other developed
countries. The development of heat supply from the TETs is closely tied

- to the possibilities which are provided by the managing of e planned economy

_ under socialism. In this regard in recent times the example of the USSR
has been also followed by other socialist countries. Recently in the aim
of saving fuel, under the conditions of the growing fuel shortage and in-

_ creased cost, as well as the developing struggle to purify the atmosphere,
the combined system of power supply has also begun to be more widely de-
veloped in a number of the capitalist countries. The present state of the
central heating system in the USSR can briefly be characterized by the fol-
lowing data.

In 1975, the total capacity of the TETs in the nation was around 60 million
kilowatts, and heat production by all the TES was around 3,772,000,000 GJ
(900 million Gecal). The length of the heating networks from the TETs of
Minenergo was around 15,000 km. The growth dynamies of the length of the
main heating networks is given in Fig. 2. The central heating units were
around 33 percent of the capacity of the TES of the nation and 27 percent
of the capacity of all electric plants. The share of electric power out-
put surpasses these figures due to the higher number of hours of use for
the installed electrical capacity of the TETs. In 1975, the TETs provided
around 42 percent of the annual heat consumption of all the urban settle-
ments of the nation, and in individual major economic regions the level

of central heating was significantly higher than the average, and reached:
63 percent in the East Siberian economic region, 56 percent in the Volga
region, and 47 percent in the Urals region.

In 1975, around 60 percent of the electric power of the TETs was generated
under heating supply conditions, and this provided a substantial savings
of fuel. For the TETs of the Minenergo (the capacity of which is over 80

percent of the total electric capacity of all the TETs), the total fuel
savings approached 30 million tons of conditional fuel units. In the last
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_ i decade there has been a substantial improvement in the structure of the
central heating units put into operation, particularly at the TETs of the
Minenergo. More than 95 percent of the turbines put into use (in terms of
capacity) have steam parameters of 13.0 Mp and higher. Turbines with'a
capacity of under 50 megawatts with an initial parameter below 9.0 Mp are
now being used as an exception only at the TETs being enlarged. There has
been an increase in the share of the use of T-type turbines which provide
the highest proportional output of electric power from central heating
‘units. The improvement in the structure of the turbines put into use has
led to & decline in the specific fuel consumption. In 1975, at the TETs
of the Minenergo with units of 13.0 Mp, the proportional consumption of
conditional fuel units was around 264 grams per (kilowatt lour). At a
number of the TETs, the specific fuel consumptions are 175-180 grams per
(kilowatt hour).

As & whole over the last 15 years of the most intensive development of
central heating, its national economic effectiveness has been characterized
by the data of Tables 1 and 2 as well as Figs. 3 and ., The total fuel
savings during these years was over 270 million tons of conditional fuel
units. ‘

Central heating has gained the greatest development in supplying power to
industry, where the TETs provide around 50 percent of the industrial con-
sumption of heat. The large enterprises of the most heat-intensive sectors
of industry (oil refining, chemical and others) as a rule are supplied with
heat from the TETs of Minenergo. .

Table 1

‘Reduction in Specific Fuel Consumption for Public TES

Reduction of specific fuel consumption, grams/(kilowatt hr)
Periods -
(years) A1l TES KES TETs
1961-1965 468-h413 = 55 L65-426 = 39 475-397 = 78
1966-1970 413-366 = UT 426-388 = 38 | 397-324 = T3
- 1971-1975 366-340 = 26 388-369 = 19 324-282 = 42
1961-1975 468-340 = 128 465-369 = 96 h75-282 = 193

As a whole for the nation, for the large cities with predominantly modern
development, the central heating level of ‘the housing and utility sector

~ reaches 50-60 percent. For example, in Moescow in 1975, around 7O percent
of all users (37,300 buildings) were centrally supplied with heat from the
TETs, and heat production from the TETs exceeded 209.5 million GJ (50 mil-

. lion Geal) a year, and the length of the heating networks from the TETs

- was 2,150 km. In Leningrad, heat production from the TETs exceeds 62.85
million GJ (15 million Geal per year), and this supplies 50 percent of the
housing and utility consumers. 47
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Table 2

Basic Summary Indicators for the Economic Effectiveness of
Central Heating (Public TETs)

Indicators 1961-1965 | 1966-1970 -| 1971-1975 | 1961-1975
Increase in TETs capacity,
million kilowatts 11.8 13.1 13.2 38.1
Fuel savings, million tons
(total) 4o.5 92.8 137.5 270.8
Including: ‘
By -combined output of 36.2 83.6 125 2hk.8

electric power .and
heat due to differ-
ence in boiler effi- 4.3 9.2 12.5 26.0
ciency at TETs and

large boiler stations

Increase in fuel savings 23.7 52.3 Lh,7 120.7
G/(kwh),
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Fig. 3. Dynamics of the decline in the

specific consumption of conditional fuel

units at the public KES, TETs and TES
(KES + TETs ).

The new cities which arise around large enterprises and industrial centers
are virtually 100 percent supplied with central heat. Nevertheless, at ‘
present around two-thirds of the heat consumption of the cities and urban-

type settlements ls satisfied by small industrial, district and group
boiler houses as well as by local heating units (basically furnaces).
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Fig. 4. Difference in specific consumption
of conditional fuel units at the KES and TETs
in terms of initial steam parameters.

a--pressure of 13.0 Mp and higher; b--pressure
of 9.0 Mp; c--pressure from 5.4 to 7.4 Mp;
d--pressure of 3.6 Mp and lower.

Central heating and central heat supply have a major role to play in pro-
tecting the enviromment against fuel combustion products and released heat
and against pollution of the territory. The total release of harmful mat-

- ter into the atmosphere is reduced by approximately 15 percent because of
central heating and central heat supply. '

By using the released heat and by reducing losses from the stackgases,
central heating also provides a reduction in heat pollution of the atmos-
phere by the power plants of Minenergo by approximately 13-15 percent.

From materials of a technical and economic report on the development of
Soviet heat supply up to 1980, it follows that from 1970 through 1980, the
annual heat consumption of the national economy will arise from 8,908,000,000
¢j (2,126,000,000 Geal) up to 14,246,000,000 GJ (3.4 billion Geal), or by
1.6-fold. Also characteristic is an increase in production heat consumption
in agriculture by 1.92-fold, with a total increase in rural heat consumption
of 1.43-fold. The calculated (maximum-hourly) and annual loads of the
cities and urban-type settlements for the USSR are given in Table 3.
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Table 3

Heating Loads of Cities and Urban-Type Settlements in the USSR

Maximum-Hourly Annual

Consumers

1970 1975 1980 1970 1975 1980

Cities and urban-type
settlements:
1000 Gj/hr, mil G3/yr| 2,000 2,753 3,453 6,985 9,034 | 11,564
1000 Geal/hr,
mil Geal/yr W7 657 82y 1,667 2,156 2,760
% 100 138 172 100 129 166
Including:
Industrial enter-
prises
1000 G3/hr, mil G3/yr 186 | 1,7uT 2,25h 4,676 6,117 7,261
1000 Geal/hr, _
mil Geal/yr 283 b1t 538 1,116 | 1,460 1,900 -
% 100 b7 190 100 131 170
Housing-utility
sector
1000 G3/hr, mil Gj/yr 814 | 1,006 1,198 2,309 2,917 3,603
1000 Geal/hr,
mil Geal/yr 194 240 286 557 696 860
% 100 12k 1h7 100 126 |- 156 =

The proportional amount of centralized heat supply for the urban settle-~
ments in total heat consumption of the nation is to rise from 7T percent in
1970 to 80 percent by 1980.

The rise in the heat consumption of cities and urban-type.éettlements up to
1980 is to be accompanied by a further increase in the concentration of the
heating loads (Table L).

The total annual demand for heat by cities and urban-type settlements in
terms of the type of heating agents is shown in Table 5.

For production steam bleeding of turbines of the P, PT and R types, the

pasic bleeding pressure both in the present and over the long run will re- - -
mein a pressure of 1.3-1.8 Mp; to a lesser degree a steam bleeding pressure

of 0.5-1.0 Mp will be required, and approximately 8-10 percent of the pro-

duced heat requires a steam bleeding pressure above 1.8 Mp.

The given data on the scale of growth of heat consumption by the national
economy show how important is the highly efficient use of the fuel and
energy resources.
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[Key to Table 4 on preceding page:]

a--Level of heating load 1000 6J/hr (1000 Geal/hr); b--Number of
cities; e--Total for sll cities; d--Average load of city;
e~-Number; f--1000 Gj/hr; g--1000 Geal/hr; h--GJ/hry i--Geal/hr;

1--More than 41.9 (more than 10); 2--From 20.95 to 41.9 (from 5
to 10); 3=--From 12.57 to 20.95 (from 3 to 5): L--From 4.19 to
12.57 (from 1 to 3); S5--From 2.1 to 4,19 (from 0.5 to 1.0);
6-=Total; T-=Growth; 8--Including for loads from 2.1 to 12.57
(from 0.5 to 3).

Table 5

Annual Demand for Heat of Cities and Urban-Type Settlements:
(by types of heat carriers)

Consumers and Heat Carriers 1970 1975 1980
1. Industry, mil GJ 4,676 6,117 7,961
(mil Geal) (1,116) (1,460) (1,900)
Steam, mil GJ 3,L57 L, 2k9 5,212
- (mil Geal) ( 825) (1,01L) (1,24h)
% T 69 65.5
Hot water, mil G4 1,219 1,868 2,749
. (mil Geal) ( 291) ( L46) ( 656)
1 2. Housing-utility sector: )
Hot water, mil GJ 2,309 2,917 3,603
(mil Geal) ( 551) ( 696) ( 860)
- Total for cities and urban-type
settlements,
mil GJ 6,985 9,034 1,56k
(mil Geal) (1,667) (2,156) (2,760)
Steam, % k9.5 47.0 Is.o
Hot water, % 50.5 53.0 55.0

Among the basic directions for saving fuel and energy resources and their
a) 8n increase in the combined
generating of electric and thermal power at the TETs by increasing their
Inad for the heating schedule; b) the further development of central heating
and centralized heat supply of the citiez, industrial centers and enter-
prises on the basis of building TETs and regional boiler houses; ¢) the
elaboration and introduction of new highly economic sources and systems of
heat supply for the national econcmy, including using atomic power for heat

rational use, the following are envisaged:

supply purposes.
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The solution to these problems should consider the reliability of the heat
supply systems, the load requirements of the power systems for the TETs
with & rise in the uneven electric load schedules and other factors. Con-
sideration of the reciprocal influence of the listed factors in optimizing
the development scale of the combined systems and their location consider-
ing national economic efficiency require systems analysis in selecting the
technical directions.

Even now there is the generally recognized necessity of working out long-
range heating supply systems for large cities over the next 10-15 years,
vhile the S5-year stages should be adjusted using systems analysis methods
and employing special mathematics and computers. The development of the
scientific bases for the systems analysis of the development of heat supply
in recent years has been carried out under the leadership of Academician

L. A. Melent'yev by the Siberian Power Institute and the VNIPIenergoprom
{Al1l-Union Scientific Research and Design Institute for the Power Industry].

One of the important directions for improving the technical and economic
indicators of the TETs is the increase in their basic equipment and capacity.

At present the R-100 and T-250 central heating turblnes have already been
developed and are being produced. Production has started on the PT-135
turbines, and in 1978, series production of the T-175 central heating tur-
bines will begin. The replacement of two PT-60-130/13 turbines with one
PT-135/165-130/15 turbine reduces capital investments by 1.5-2 million
rubles, and provides & savings of conditional fuel units of around 17,500
tons a year. The use of the T-175/210-130 turbines instead of the T-110/120-
130 provides a calculated savings of capital investments of 1.5-2 million
rubles per unit, while the specific output of electric power with simultane~-
ous heat production rises by 3 percent, and the specific fuel consumption
for the output of electric power under condensation conditions is reduced
by 3.5 percent.

During the period of 1976-1980, most characteristic will be heating loads
on the order of 6,285-8,380 Gj/hr (1500-2000 Gcal/hr), and these can be
best covered by instaelling the central heating turbines which are being
produced or are being readied for production at the TETs.

At the industrial-heating TETs, in the next few years, in a majority of in-
stances it would be advisable to install the PT-135/165-130/15, R-100-130/15
and T-175/210-130 central heating turbines. These turbines are standard-
ized in terms of the high-pressure cylinder and have the same maximum con-
sumption of live steam equal to 760 tons/hr. Here for each turbine two
steam generators of 420 tons/hr each are installed. The use at such TETs
of one steam generator with a steam productivity of around 800 tons/hr in
the place of two generators can provide e savings in capital investments

of around 1.0 million rubles per steam generator.
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At prepent TETs with an electric capacity of over 1.5 million kilowatts are
already in operetion, under construction or being designed in the power
systems of Mosenergo [Moscow Regional Administration for the Power System),
Lenenergo [Leningrad Reglonal Administration for the Power Systam) and
Kiyevenergo [Kiev Regional Administration for the Power System] und also
for & series of large industrial complexes. Over the long run the number of
_cities and industrial centers with heating loads over 8,380-10,500 6J/hr
(2,000-2,500 Geal/hr) will rise.

One of the basic technical directions for improving the efficiency of central
heating is the method developed in recent years in the USSR of series con-
struction of the TETs. This method vas worked out by the collectives of the
VNIPIenergoprom, Orgenergostroy [All-Union Institute for the Planning of
Electric Power Projects], Energomontazhproyekt [?7A11-Union Design Institute
for Electrical Installation]), the Barnaul and Belgorod boiler plants with
the active participation of the construction-installation organizations,
the plants and design bureaus for metal structural elements and other organ-
{zatiors. The method is based upon articulating the main building of the
TETs into separate construction-production sections congisting either of
- a "poiler--turbine" block or of a "two boilers-~turbine" block with the cor-
responding auxiliary equipment. As the basic equipment the plens provide
for one type of boiler with a productivity of 420/L450 tons/hr (for the gas-
mazut TETs) and seven types of turbines, that is, all the types presently
_ being produced or readied for production, with the exception of the T-250
turbines. In design terms the sections have been worked out in such a manner
that from them it is possible to make up a main building with any combination
of the designated equipment and with any sequence of its installation. Par-
ticular to the plans are also the broad unification of the auxiliary installa-
tions a?d the use of a sectional principle in the unified auxiliary building
(Fig. 5).

There has been & significant reduction in the construction volume of the
production buildings, the built-up area and the total areas of the TETs site.
- The unified suxiliary building (OVK) and the other solutions for the site
provide a reduction of 30-35 percent in the build-up ares, & reduction of
1.4-1.7-fold for the overall area of the site, a reduction on the average of
22 percent in the construction cubic volume, and the volume of prefabricated
reinforced concrete elements is reduced by approximately 30 percent, and the
length of the intrasite utility and communications networks is shortened.

The plans provide for the delivery of equipment and structural elements in
blocks, the dimensions and weight of which guarantee their transporting by
rail. High production efficiency js achieved in carrying out the construc-
tion and installation work, and the construction process is turned into a
series of installation operations in assembling the TETs from ready-made
construction and installation blocks. The calculated rise in labor produc-
tivity and the overall reduction in labor expenditures, in observing the
design conditions for the organization of construction, are around 4o per-
cent; the reduction in the proportional construction cost is 10-15 percent.
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Here there is a significant reduction in the construction time, as the op-

- eration of the first unit is possible in 18-21 months after the beginning of
the preparatory period and after 12-15 months from the beginning of the basic
work at the site. At present, many TETs are being built already under the
plans of the TETs-ZIOM [?gas- and mazut-fired TETs] (the Minsk TETs-l, Kaunas,
Novo-Sterlitamakskaya, Kuybyshev and others).

Fig. 5. Overall view of the serially-built gas-mazut TETs
(TETs~-21GM)

At these TETs, 12 units were already put into operation in 1975-1977. The
VNIPIenergoprom is working on the series plans for TETs to be operated on
golid fuel. These plans provide the possibility of using such fuel both in
pover as well as peak water heating boilers.

The small-sized boilers of the type installed at the Rostov TETs-2 for 500
tons/hr are also being introduced.

Even with the present development level of central heating, capital invest-
ments for building the heating networks reach 50 percent of the capital in-
vestments for building the TETs and comprise around 700-800 million rubles

a year. The complexity of the heating network systems in large cities is
shown in Figs. 6 and 7 [Fig. T is not reproduced].
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The acquired experience shows that the industrialization and mechanization
of construction-installation work on the thermal networks to a greater de-
gree is achieved with ditchless laying which allows simultaneously a sub-
stantial reduction in material expenditures and initial capital investments
by 20-30 percent.

Designs have been developed for ditchless laying in the form of casings from
site-cast autoclave reinforced foam concrete, asphalt-perlite and asphalt-
haydite applied to the pipe under plant conditions. Work is being done to
develop the ditchless laying with covering insulation from self-hardening
asphaltites and with insulating from phenol foam plastics, and so forth.
However all these designs are still far from the ideal.

It is essential to have a further improvement in the existing designs of the
ditchless laying in the aim of a fundamental improvement in their reliability,
durability and production efficiency. Moreover, it is also essential to work
out new, more advanced designs, particularly for large diameter pipe.

They require a substantial improvement in the structural elements used for

underground laying in manned and umnmanned channels and for aboveground lay-

ing on low and tall supports. It is essential to convert to the use of

- standard large-dimension elements (from 3 to 6 meters) and work out more
advanced designs for preassembled chambers suitable for production in small
series as well as preassembled fixed supports.

A rise in the economic efficiency of central heating can be achieved in re-
ducing the calculated expenditures of system water by an optimum rise in

the temperature schedules for controlling the production of heat if the heat
sources are a significant distance avay from the heat consumption areas.

Of great significance is the introduction of the open system of heat supply
with the single-pipe transporting of heat. The chaugeover to a single-pipe
heat transport through transit heating networks can also being about a sig-
nificant reduction in capital investments as & whole for the heat transport
system. The working out of all these questions can open up new opportunities
for organizing the further heat supply of cities from existing GRES.

The VNIPIenergoprom with the participation of the VII is developing such
systems for the heat supply of a number of cities. The operational effi-
ciency of central heating is substantially influenced by the specific out-
put of electric power and the share of electric power output under heat-
supplying conditions, and these are growing year by year, however as a whole
for the nation they still are far from the optimum level. It is also essen-
tial to note a number of other factors which reduce the efficiency use of
the existing TETs. The summary data of the VNIPIenergoprom on this question
are given in Table 6. :

In addition to the factors 1listed in Table 6, the efficiency of the TETs is
also reduced as a consequence of the fact that many heat supply systems are
operated with an increased temperature of the return system water and in-
creased consumption of the heat carrier. For eliminating these shortcomings,
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Pable 6

Underutilization of Heating Capacity of Existing Public TETQ by
Basic Factors

b . ii::?:i gnutilized
Name of factor umber o capacity herma Under-
;:Etgx:ined of TETs, capacity, utilization,
GJ/hr G4/hr 3
(Geal/hr)|(Geal/hr) ’
Lag in development of heat 47 167,990 | 59,7kO 35.6
users and incorrectly over- (40,093) | (14,258)
stated planned load
Lag in construction of main 32 97,510 | 40,538 h1.5
and distributor heating net- (23,272)| (9,675)
works
Absence or shortage of peak 29 73,237 | 20,530 28
thermal capacity (17,479)| (4,900) 10-12
Discrepancy of available 25 34,023 3,352-
capacity of peak water heat- (8,120) 4,190
ing boilers to the rated in (800-1.000)
operating on mazut

there must be the corresponding automatic heat regulators at the consumers,
and the manufacturing of these controls has not been organized.

In many instances the restricted use of the steam bleeding from turbines of
the industrial-heating TETs has been caused by the incomplete return of the
condensate from the industrial enterprises. In approximate terms the re-
turn of the condensate to the TETs is 70-T5 percent of the technically pos-
sible, and even less from the chemical plants. As a whole for the 105 in-
vestigated high-pressure TETs, the elimination of the designated factors in
the under utilization of thermal capacity in 1980 could provide an annual
fuel savings of over 3.9 million tons of conditional fuel units.

By carrying out measures to fully load the take-offs of the existing tur-
bines, by disassembling the worn out and obsolete units and by increasing
the share of capacity of the central heating turbines with an initial pres-
sure of 13.0-24.0 Mp from 40-90 percent and the T-type turbines from 29-60
percent, the average annual specific output of electric power under heat-
producing conditions could be {ncreased from 58.5 kilowatt hours/GJ (245
kilowatt hours/Geal) in 1970 up to 100-107 kilowatt hours/G4 (420-L450 kilo-
watt hours/Geal) in the future. This would make it possible to double the
fuel savings with the same level of heat production from the TETs.
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At present a predominant majority of the TETs is being built under title of
- the USSR Minenergo and is financed from funds allocated for the development

of electric power. A certain number of the TETs for particularly large

_ industrial enterprises and complexes is being financed from funds for the
development of the corresponding industrial sectors or with their propor-
tional participation. At the same time many specialized sectorial organiza-
tions are working out plans fcr the creation or development of industrial
centers in vhich proper attention is not being paid to the questions. of
rational power supply, and particularly heat supply. Thus, in recent years
more than 300 plans for industrial centers have been worked out, but only
for a few of them are combined power supply systems provided.

It is becoming more and more apparent that without a. substantial rise in

the maneuverability of the TETs, the covering of the variable portion of the
electric load schedules in the European section of the Unified Electric Power
System over the long run will be very difficult even with the minimal share
of the AES. For this reason important demands are being placed on the maneu-

- vering abilities of the TETs which are to be completed in the near future.

- The total installed capacity of these TETs should comprise almost one-half
the total capacity of all the TES, and more than 4O percent of the capacity
of the TES to be completed during this period will go for the Unified Power
System. Consequently, at least 4O percent of the electric capacity of the
TETs which are to be built should possess rather high maneuverability.

The advantages of the combined production of thermal and electric power are
fully present in the use of nuclear fuel, since all the known methods of"
the industrial conversion of thermal power into electric involve the re-
lease of a significant quantity of heat into a cold source. The introduc-
tion of nuclear sources into the system of. centralized heat supply should be
a part of the comprehensive problem of nuclear power. The use of nuclear
sources for heat supply, in addition to saving limited fuel resources, also
facilitates the problem of protecting the air basin over cities.

The zone of equal economy of the TETs and ATETs [Atomic Heat and Electric
Plant] is obtained on a level of a heating load of 6,285 GJ/hr (1,500 Geal/hr).
The optimum unit capacities of reactors of the VVER and VK type for the ATETs
correspond to the unit capacities of the reactors for the AES.

The turbogenerators of the ATETs should be designed for economic work under
all conditions with a fixed steam consumption corresponding to the rated
heat productivity of the reactor. The optimum central heating coefficient
can be set within the limits of 0.7-0.8. The relatively small share of
the fuel component in the cost of building the ATETs determines the advis-
ability of building large central heating systems for long-distance heat
supply with higher values for the direct system water temperatures (210-
250°C) in comparison with systems based on organic fuel. At the same time
the successes in developing reliable radiation protection systems can cre-
ate conditions for bringing nuclear sources closer to heat load centers.
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In describing the basic technical directions for the development of central
heating, we must not overlook the problem of reducing the proportional num-
ber of personnel at the TETs and the regional boiler houses. Here the
basic ways obviously can be: Simplifying the management structure, in-
creasing the automatic control and monitoring equipment, further increasing
the reliability of equipment operation, the quality of installation and
repairs, as well as improving the structure and organization of the repair
services.

Among the other technical directions, we must also point to the possibility
of introducing steam-gas units into central heating. There are also plans
for high-temperature heat supply for thermal production processes. These
systems have been proposed in the USSR and have been patented in a number of
nations. . '

The given technical directions for the development of central heating show
the enormous reserves for improving the heat supply systems.

The forecasts for the basic technical and economic indicators for the develop-
ment of central heating over the long run have shown that from the technical
viewpoint it is feasible to have for all the TETs:

a) A reduction in the proportional capital investments into the TETs by
approximately 9-10 percent;

b) A reduction of labor expenditures in building the TETs by 30-37 percent;

¢) A reduction in the proportional capital investments in the main heat
lines by 15-18 percent and a reduction in labor expenditures by 55-57 percent;

d) A reduction in the overall length of the "design--construction" cycle
to the completion of the first unit at the TETs by 37-4O percent;

e) An increase in the proportional output of electric power under heat-
supply conditions up to 100-107 kilowatt hours/GJ (420-450 kilowatt hours/
Geal), and the share of total output in heat-supply conditions up to 70-T2
percent; :

f) A reduction in the specific fuel consumption per kilowatt hour by 10-15
percent and per GJ of heat by 0.7-1.2 percent.

The actual achieving of an improvement in the designated indicators requires
purposeful creative efforts both by the designers as well as by the power
machine builders, the operators and ‘the construction and installation organ-
izations. :

At the same time it is essential to also consider the objective factors

which inevitably will influence an increase in the total and proportional
capital investments and labor expenditures in building the TETs and heat
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transporting systems as a consequence of the rise in expenditures on environ~
mental protection measures, the increase in the proportional amount of TETs
under construction which will be operated on solid fuel, the complicating of
certain types of thermomechanical equipment, and so forth.

By 1980, the centralizing of heat supply for cities from the TETs and large
boiler houses can reach approximately 80 percent.

The centralizing of heat supply for agricultural users will also be markedly
developed. !

In conclusion it is essential to stress that the 50-year experience of the

development of central heating in the USSR has fully Jjustified itself, and

this progressive method of the combined production of thermal and electric

power in the foreseeable future will be one of the basic directions for the
development of power in our nation.

COPYRICHT: Izdatel'stvo "Energiya", 1977
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