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DH SYSTEM

Heat Supply Control as a Method
of Increasing Energy Efficiency in
Reconstruction of a DH System

How can the district heating system in Brovary/Ukraine be reconstructed with the aim of
increasing energy efficiency? A feasibility study provides answers and take into account the
control of heat supply and the choice of temperature in district heating networks.

One objective of Sweden-Ukraine
District Heating (SUDH)" pro-
gramme is to demonstrate modern
and energy-efficient district heat-
ing, where a significant share of
production is based on renewable
energy sources and waste heat, to
ultimately meet EU requirements
for efficient district heating. The
SUDH programme implements
technology and design principles
that have been proved to be sound,
after having been applied for dec-
ades in the Nordic countries. This
state-of-the-art technology has led
toimproved energy efficiency, lower
operating costs, and high-quality
district heating services.
Unfortunately, immediate full
implementation of the Nordic expe-
rience of district heating systems
in Ukrainian realities is difficult.
This is due to the current state of
district heating systems and the
historical aspect of their develop-
ment. So, the initial approach
should be a combination of the
Nordic experience and the status

Y The Sweden-Ukraine District Heating
(SUDH) programme was established by
Nefco and Sweden with the vision of
supporting energy-efficient district
heating in Ukraine that delivers qualita-
tive services with low environmental
impact to its customers. SUDH offers
funding for long-term sustainable pro-
jects, creating a significant positive im-
pact on Ukrainian district heating sys-
tems. More information at https:/
dh-ukraine nefco.int/sweden-ukraine-
dh/
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and technical solutions typical for
Ukraine that allow for gradual fur-
ther modernisation.

This fully applies to the control of
heat supply and the choice of tem-
perature in district heating net-
works. Energy losses caused by the
low efficiency of generation, trans-
mission and supply control systems
are the main weak link in district
heating systems compared to au-
tonomous systems, i.e. the main
factor influencing the choice of heat
consumers in favour of autonomous
systems. The issue of the tempera-
ture regime at generating plants
also deserves special attention.

Control methods of Ukraini-
an district heating systems

The most common control method
in Ukrainian district heating sys-
tems is qualitative? and central
control, i.e. changing the supply
water temperature at the generat-
ing plants. But this method has a
significant disadvantage - ineffi-
cient control during the period
when the temperature for space
heating could be reduced but has to
be maintained for hot water supply.
This means significant heat losses
during this period.

During this rather long period,
which could cover most of the heat-
ing season, adequate temperature
control from heating plants is not
possible because of the need to
maintain a constant temperature of

about 60-65°C for generation of
domestic hot water, which requires
a temperature of about 50-55 °C.
The period has become even longer
as supply temperatures have been
lowered because of non-functional
control equipment in the connected
buildings and other deteriorated
equipment in district heating sys-
tems.

This problem and its consequenc-
es can be illustrated by the annual
heat generated by the boilers of a
district heating company (figure 1).
Asseenin figure 1, operation during
‘break” (B-F) of the temperature
graph leads to significant ,overheat-
ing" in buildings and unproductive
heat losses (green area). The situa-
tion in figurel is caused by the
lowering of the temperature graph,
which makes the ,break® in the

% Ukrainian district heating systems, as
well as district heating systems in oth-
er former Soviet countries, generally
employ a control strategy using con-
stant flow (and hence constant pres-
sure throughout the network) all year
and vary the supply temperature de-
pending on the outdoor temperature
(production-driven systems). The fixed
control equipment in the buildings is
based on such constant flow and con-
stant pressure to work properly. The
flow in Nordic district heating systems
is controlled by control valves in the
individual heat substations in each
building (demand-driven systems)
with the supply temperature varying
depending on the outdoor temperature.
Heating plant pumps are equipped with
variable speed drives allowing them to
adapt to the actual flow.
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Line A-B-F-E-C-D - heat flow under the
current system of qualitative and central
control; at point B (break point) qualita-
tive control becomes impossible due to
the need to generate domestic hot water
Line A-B-f-E-C-D - heat flow under the
condition of transition to quantitative
central control

Area B-F-E-f-B - annual heat losses
that occur under the current qualitative
control of heat supply. Such heat losses
account for as much as 18% of the an-
nual heat potential of the fuel used; they

5 6 7 h10° 9

can be avoided in the transition to quan-
titative and qualitative control, which is

proposed for the project in Brovary

Figure 1. Annual heat generated by boilers in a district heating system for different methods of heat supply control

temperature graph occur at a signif-
icantly lower outdoor temperature
resulting in an increased duration
of the operation period in the mode
of ,overheating".

Asseen in figure 2, the transition
from heat carrier with a maximum
temperature of 150 °C to 95 °C at an
outdoor temperature of -23 °C caus-
es an increase in duration of the
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operation period in the mode of
;overheating" to more than double —
from 1,159 to 3,600 hours. The possi-
bility of central control is excluded
already at an outdoor temperature
of -7.5°C instead of +3.8 °C. There-
fore, unproductive heat losses in-
crease from 1.8% of annual heat
generation to a significant 18% due
to inadequate control with a lower-
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ing of the temperature graph (fig-
ure 3).

At first glance, the graph shows
the benefit of heat generation ac-
cording to a high supply tempera-
ture as is the case with current
Ukrainian qualitative central con-
trol. However, the problem of opti-
mal temperature graph should also
consider another important fac-

2,500 h

Duration of the operation period of the district heating —>
system in the »break« mode ot temperature graph, n

1,000 1,500 2,000

Figure 2. Temperature dependence at the ,break” point and duration of the ,overheating” period on the estimated tem-
perature in the supply pipeline (tupe of temperature graph) for meteorological conditions in Poltava
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Figure 3. Dependence on annual heat losses AQ in the “break” mode of the
supply temperature for weather conditions of an estimated temperature
curve with design outdoor temperature -23 °C
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Figure &. Dependence of specific heat losses on the supply temperature for

meteorological conditions in Poltava

tor — heat losses from the surface of
district heating pipelines, which
will increase with a higher supply
temperature. The graph in figure 4
shows that for heating networks of
about 5km in length, heat losses
during the transition to a tempera-
ture graph of 150/70 °C increase
from 762 MWh to 1,211 MWh per
year.

Quite another factor having the
opposite influence on the efficiency
of district heating systems is the
influence of the return pipe temper-
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ature on the performance and
thermodynamic efficiency of heat
generators. The use of elevated heat
carrier temperatures accordingly
means a higher exhaust gas tem-
perature and an increase in the
corresponding heat losses in the
boilers. The average value of the
exhaust gas temperature for tradi-
tional (non-condensing) hot water
boilers in district heating systems
is 160-180 °C, usually even higher.
At this temperature, heat losses
with the exhaust gases of the boiler

are up to 9-12% of the thermal po-
tential of the fuel. Such losses in the
system generally reduce the overall
efficiency of the district heating
system. On average in Ukraine, the
integrated efficiency of heat gener-
ation, transportation and supply
processes is 60-75%. Thus, unpro-
ductive heat losses are 40-25%.

A significant reduction in such
losses can be achieved by reducing
the temperature of the exhaust
gases leaving the boilers. In the
absence of special condensing boil-
ers, this problem can be solved by
installing condensing heat ex-
changers (flue gas condensers) after
the boilers. But the condensation of
water vapour and the latent heat of
condensation in the combustion
products will begin only if their
temperature is less than the water
dew point, i.e. 56 °C.

At a temperature of about 180 °C of
combustion products at the inlet to
the heat exchanger of the flue gas
condenser, up to 9-10% more of the
heat potential of the fuel can be uti-
lised, provided that the temperature
of the heat carrier in the return pipe
is about 45-56 °C. But when this
temperature increases to 58-60 °C
(as for the high-temperature graph of
heat release), the efficiency of heat
utilisation decreases to 6.0-6.5%.

Ukraine, has historically had a
requirement to maintain, if possi-
ble, a higher supply temperature in
order to reach a higher temperature
difference At between the supply
andreturn temperatures, and at the
same time maintain the lowest
possible temperature in the return
pipe. Increasing the temperature
difference, of course, reduces the
heat carrier flow and the heat net-
work’s hydraulic resistance or the
diameter of the pipelines. A smaller
diameter means a lower heat net-
work volume, which, particularly in
district heating systems with sub-
stantial leakages, contributes to
decreased leakage volume and re-
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duced water treatment costs. In-
creased At is a priority also for
Nordic district heating systems, but
the focus has been more on a lower
return temperature, which has al-
lowed also for decreased supply
temperature.

Currently, the transition from
high temperature (115/70 °C and
130/70°C) to a lower temperature
(90/70 °C) is typical for district heat-
ing systems in Ukraine. This is
primarily due to the absence or
technical malfunction of the mix-
ing devices in the heating substa-
tions in the buildings. In most cas-
es, previously used elevators in
heating substations have been lost
or decommissioned. Generally, the
substation equipment is obsolete
and worn out, and it has become
impossible for district heating com-
panies and maintenance personnel
of buildings to properly operate and
maintain.

After the loss of mixing devices
in connected buildings, the transi-
tion to operation at lower tempera-
tures has become a logical conse-
quence for most district heating
companies. This was also facilitat-
ed by the current state of heating
networks, compensators, and ener-
gy sources. But in the transition to
lower heat carrier temperatures
(95 °C and below) of district heating
systems, the joint load on hot water
supply and heating results in signif-
icant unproductive heat losses, i.e,
losses during the ,break’ in the
temperature graph, with the inevi-
table ,overheating" in buildings.

Foreign district heating systems
of the fourth generation are also
focused on reducing the tempera-
ture graph of heat supply, but the
situation for them is radically dif-
ferent from the Ukrainian realities.

Modern automated individual
heating substations with control
depending on the outdoor tempera-
ture and the function of limiting the
maximum flow of the heat carrier,
contribute, within their capabilities,
to reducing the return temperature.
But today, the number of buildings
equipped with such individual
heating substations is insignificant
in most district heating systems in
Ukraine, and their ability to lower
the temperature is insufficient.

Obtaining lower temperatures in
the return pipe of district heating
networks and achieving high rates
of heat utilisation in flue gas con-
densers and other advantages (fur-
therdescribed later in this article) is
possible by switching to lower
temperature graphs, changing the
method of heat supply control, and
also by introducing qualitative con-
trol in modern automated individu-
al heating substations to limit the
maximum flow of the heat carrier
entering the heat supply systems.

Thus, the transition to lower sup-
ply temperatures without the si-
multaneous implementation of flue
gas condensers in district heating
boilers, and without changing the
method of control in heating plants
does not make sense because it
only significantly impairs the over-
all efficiency of district heating

systems. The reason for this is a
significant increase (up to 18% of the
fuel potential) in unproductive heat
losses during the ,break® in the
temperature graph during the tran-
sition to lower temperature graphs.

There are also significant energy
losses in the local control of heat
flow in buildings, due among other
things to the imperfection of hydro-
elevators, as well as devices for
controlling the operation of heating
systems.

As a rule, centralised and local
control of heat supply systems con-
tradict each other. Thermal mod-
ernisation of buildings reduces the
heat flow for heating and hot water
supply of buildings. Thus, this in-
creases the unfavourable gap be-
tween the installed heat production
capacity and the heat load actually
connected, Equipping some con-
sumers connected to the district
heating network with automated
individual heating substations
leads to the appearance in the sys-
tem of consumers with different
required pressure of the heat carrier
on the entrance to buildings. In ad-
dition, the presence of pressure
drop controllers at modern individ-
ual heating substations leads to a
violation of the hydraulic and ther-
mal stability of the heating system
in buildings which remain without
automated individual heating sub-
stations.

On the other hand, automatic lo-
cal control by automated individual
heating substations of the flow that
enters the building makes it impos-

Advertisement

N
SIR3

istrict Heating and Cooling Networks
Steady-state and dynamic flow calculations, analyses and optimization
Calculation of heat storage, transport and heat exchange
Interaction of production, equipments, network and customer facilities
Consideration of restrictions and insufficient supply conditions
Pressure surges, asset management simulations and supply reliability

3S Consult GmbH — Excellent Engineering and Software since 1986 — www.3sconsult.de

N\

1V/2021 www.ehp-magazine.com

EURO
HEAT&POWER

KANEW 3S




DH SYSTEM

338

8

Heat carrier temperature —>»
in the return pipeline, t
3

&

o & 3

Outdoor temperature, t —»

0 10

s 3

Heat carrier temperature —>»
- -l =
8 a 8

in the supply pipeline, t

20 30 40 50 60 70 80
Percentage of maximum heat load —>»

Outdoor temperature, t —>»

0 10

Figure 6. Return temperature for different supply temperatures and different

0 50 60 70 80
Percentage of maximum heat load —»

20 30

design outdoor temperatures

Temperature graph: 1

Design outdoor temperatures:

EURO

HEAT&POWER

135/70°C 2 115/70°C

5 -10°C 6 -20°C

% 100

% 100

3 90/70°C 4 80/60°C

7 -30°C

Figure 5. Dependence of the return
temperature on different supply
temperatures with current qualita-
tive central control

Temperature graph:

1 135/70°C, 115/70°C,90/70°C
2 80/60°C

Design outdoor temperature:

3 -10°C

4 -20°C

5 -30°C

sible to carry out adequate central
qualitative control of the heat sup-
ply. During the transition periods of
the year, the mass closing of ther-
mostats in the inlet substations
leads to a significant reduction in
the heat carrier flow in the heating
networks. Thus, there are natural
prerequisites for the transition to
other methods of control in district
heating systems.

The feasibility study for the re-
construction of the heat supply
system in Brovary presents recom-
mendations on how to arrange opti-
mal control of heat supply in district
heating systems taking the above
factors into account. It was pro-
posed to introduce a combined,
qualitative-quantitative  control
(qualitative control before reaching
the ,break” in the temperature
graph and the transition to quanti-
tative after the ,break” point of the
temperature graph).

Analysis of the heat carrier
temperature in the return

pipe

Figure 5 shows the heat carrier
temperature in the return pipe of
heating networks for current quali-
tative district control and different
design outdoor temperatures. As
shown in figure 5, the temperature
of the heat carrier in the return pipe
for all accepted temperature graphs
in the current district heating sys-
tem, and the entire range of control,
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is quite high. It only approaches the
dew point of water vapour in the
combustion products and does not
reach it, which significantly reduc-
es the efficiency of flue gas con-
densers and the district heating
system. In addition, after reaching
the .break” point, effective control
of heat dissipation becomes impos-
sible, and the operation of the dis-
trict heating system is accompa-
nied by significant losses.

The situation changes signifi-
cantly with the transition to a lower
temperature graph of 80/60 °C. The
temperature of the heat carrier in
the return pipe is already at a heat
load of 84% of the calculated value of
the heat load and comes below the
dew point. And the minimum value
reaches about 48 °C. This guaran-
tees the high efficiency of flue gas
condensers and a significant in-
crease in the efficiency of boilers
during almost the entire heating
period. But problems with adjust-
ment at the ,break” point remain.

Introducing central quantita-
tive control

The transition to the central quan-
titative control of heat supply at the
generating plant significantly im-
proves the operating conditions of
flue gas condensers and convective
heating surfaces of boilers and in-
creases the efficiency of heat gener-
ators and district heating systems
in general. This is because of lower
return pipe temperatures, com-
pared with qualitative control (fig-
ure 6).

According to figure 6, a return
temperature below the dew point is
reached for almost all possible tem-
perature heat supply graphs when
adjusting the heat load to 80% of the
calculated heat load. The minimum
possible temperature in the return
pipeline reaches values down to
30 °C. This ensures the high effi-
ciency of flue gas condensers and
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Figure 7. Return temperature for different supply temperatures and different
design outdoor temperatures with qualitative-quantitative central control

Temperature graph:
Design outdoor temperatures:

district heating systems. There are
no problems with ,overheating" af-
ter reaching the ,break” point.

Introducing combined quali-
tative-quantitative control

Combined qualitative-quantitative
control includes qualitative control
by changing the temperature under
conditions of constant heat carrier
flow before reaching the ,break” of
the temperature graph and the
transition to quantitative — after the
point of ,break”. Figure 7 shows the
graph of temperature change in the
return pipeline of heat networks for
such a case.

Return temperatures below the
dew point, required for the efficient
operation of flue gas condensers
and district heating systems in

1 90/70°C
4 -10°C

2 115/70°C
5 -20°C

3 135/70°C
6 -30°C

general, are achieved in the entire
range of heat load control, starting
from 65-70% of the calculated heat
load. Thus, the transition to com-
bined qualitative-quantitative cen-
tral control avoids ,overheating” of
buildings during the ,break” in the
temperature graph, preserves the
possibility of hot water production
of the required quality, avoids un-
productive heat loss and ensures
the high energy efficiency of dis-
trict heating systems. A lower sup-
ply temperature graph can be used.

Heat carrier flow control depend-
ing on heat load can be carried out
according to figure 8.

Figure 8 and figure 9 illustrate the
required change in the value of the
relative heat carrier flow rate in the
heating network with quantitative
control in the entire range of rela-
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Figure 8. Quantitative central control and determination of relative heat carrier

flow for different temperature graphs
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Figure 9. Quantitative central control and determination of relative heat carrier

flow for temperature graph 80/60 °C

tive heat load for heating. For exam-
ple, to ensure optimal heat load
control, typical for the average
temperature of the heating period
(about 50% of the calculated heat
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load) for a heating network with a
temperature heat supply graph of
115/70 °C, the relative heat carrier
flow should be reduced to about 30%
of the calculated heat load.

In addition to the above advan-
tages, there are other advantages
of lower temperature heat supply
graphs:

+ reduction in heat losses in district
heating networks and reduction
in thermal expansion of pipes
and, as a consequence, simplifi-
cation of heating network con-
struction and elimination of
compensators,

* increase in electricity production
at combined heat and power
plants (CHP), by reducing the
pressure during steam extraction
from steam turbines,

- lowering the temperature in the
return pipe of heating networks
and increasing the efficiency of
heat generators,

- ability to reduce the temperature
of combustion products after heat
generators, reduce heat losses
with exhaust gases, and increase
the efficiency of flue gas con-
densers as "boiler tail heating
surfaces’,

+ possibility of integrating district
heating systems with alternative
and renewable energy sources
including industrial waste heat,
geothermal heat, solar heat and
similar.

Less energy used for
pumping

In addition to reducing heat losses,
quantitative or qualitative-quanti-
tative control allows additional
savings in the form of reducing
electricity costs for pumping. Fig-
ure 10 shows, as an example, the
results of calculating main water
flow using different methods of
district heating system control at a
heat load of about 100 MW and the
design outdoor temperature of
about -23 °C.

Qualitative control is carried out
on the segment from point A to
point B. At an outdoor temperature
of -8°C, there is a ,break’ of the

www.ehp-magazine.com 1V/2021



temperature graph at which the
transition from qualitative to quan-
titative control is proposed. This
makes it possible to reduce the heat
carrier flow along the line f.

Reducing the heat carrier flow
creates the conditions for a signifi-
cant reduction in electricity for
pumping. This can be seen in fig-
ure 11.

Equipping buildings connected to
the district heating system with
modern automated individual heat-
ing substations and the accom-
panying process of transition to
combined qualitative-quantitative
central control of the energy source
requires mandatory installation of
main pumps with variable speed
drives in heating plants and optimi-
sation of the thermal capacity of
boilers to the appropriate heat load.
The reconstruction of heating
plants should include separation of
the boiler circuits and the district
heating network circuit. Additional
investments required for such re-
construction of heating plants must
be considered in the implementa-
tion of projects for the installation
of automated individual heating
substations with control depending
on the outdoor temperature.

4,000
m®/h

3,000

2,000 -

1,000

Mains water flow, G

0 =8 -16 °C -24

Outdoor temperature, t —»

Figure 10. Heat carrier flow change in district heating system depending on

the outdoor temperature

Line A-B-C-D-E - current qualitative control temperature graph
Line A-B-F-D-E on the path f — qualitative-quantitative control

Central heating substations

The main obstacle to the implemen-
tation of automated individual heat-
ing substations and qualita-
tive-quantitative control of the
heating system is not only the un-
preparedness of heating plants.
Equally important is the violation of
hydraulic and thermal stability of
district heating systems for those
buildings that will not have (tempo-

600 >
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Main pump capacity, N —>»

N

8

ke
w

16 8 0

-8 -16 °C -24

Outdoor temperature, t —>»

rarily or for a long time) automated
individual heating substations. This
will happen because of the unavoid-
able change in the pressure drop and
heat carrier flow from the heating
networks to such buildings — espe-
cially in the case of significant
changes in the flow rate, as well as
in the case of dependent connection
of building systems and, as men-
tioned above, in the absence of mix-
ing devices and circulating pumps.

Line a-b-c-e-d: Required capacity of main
pumps for the current state of district quali-
tative control (dependent connection scheme
of multi-family buildings, pumps without
quantitative control of heat carrier flow)

Line A-B-C-E-D: Required pump capacity
after replacement (without changing the con-
nection scheme of buildings and the method
of control). Savings as existing pumps are
generally oversized.

Line A-B-f-E-D: Required capacity of main
pumps after the transition to qualitative-
quantitative control

Line 1-2-3-4-5: Pump capacity after full change
to modern individual heating substations

Figure 11. Capacity change of main pumps of the heating system depending on the outdoor temperature
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Figure 12. Schematic diagram of the reconstruction of a central heating substation for the implementation of qualitative-
quantitative control of heat supply for heating and hot water supply

The transition to such control can
be fully implemented only after the
introduction in all, without excep-
tion, buildings connected to the
district heating system of an inde-
pendent connection scheme or the
introduction of automated individ-
ual heating substations with mix-
ing devices. But this requires signif-
icant investment and time.

A transitional option in this re-
gard proposes local group control at
central heating substations in a
district heating system with build-
ings without automated individual
heating substations. To do this, it is
necessary to reconstruct the cen-
tral heating substations. This will
allow all buildings directly con-
nected to the heat network to be
fully equipped with automated indi-
vidual heating substations to make
the transition to more efficient
qualitative-quantitative control of
heat supply, which in turn prevents
unproductive heat loss with ,over-
heating".

Figure 12 shows a schematic dia-
gram of the reconstruction of a
central heating substation for the
potential transition to qualita-
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tive-quantitative group control of
heat supply in the absence of auto-
mated individual heating substa-
tions in buildings. The purpose of
the reconstruction is to equip the
central heating substation with
mixing units (5, 6), which will be
able to maintain constant water
flow in the distribution networks
after the central heating substation,
and thus avoid hydraulic and ther-
mal maladjustment of internal
heating systems in all buildings
connected to the central heating
substation.

The heat flow that will be supplied
for heating under such a scheme
may vary depending on the ratio
between the heat extraction for
heating and hot water supply. Dur-
ing the time of maximum heat ex-
traction for hot water supply, the
heat flow for heating will decrease.
However, after a short period, short
enough to prevent any changes of
indoor temperatures to be observed,
the lack of heat flow for heating will
be compensated.

Table 1 presents the main indica-
tors of the effectiveness of the in-
troduction of combined qualita-

tive-quantitative control of district
heating systems in Brovary.

Conclusions

During the preparation of the SUDH
feasibility study for the reconstruc-
tion of the heating system of Brovary
the current qualitative central con-
trol of heat supply, the transition toa
lower temperature heat supply graph
and the lack of flue gas condensers
are shown to cause low efficiency of
the system as a whole. The main
shortcomings are significant heat
losses in the transition periods fol-
lowing the ,breaks” in the heat sup-
ply temperature graph. Such heat
losses can be as high as 18% of the
heat potential of the fuel used.

The introduction of qualita-
tive-quantitative control is pro-
posed, where heat output from
heating plants in the period from
the design outdoor air temperature
before reaching the ,break” temper-
ature graph is controlled by chang-
ing the temperature of the heat
carrier,and after ,break’, the transi-
tion to quantitative central control
by changing the heat carrier flow.
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Annual savings

Reduction of unproductive heat
and electricity losses as a result
of the transition to qualitative-
quantitative control of heat supply

Heat energy Natural gas equivalent
[MWh] [million m?]

27,560
(14% of annual heat
production)

2995

2,451

(41% of electricity
consumption during
the period of “break”
the temperature graph)

Table 1. The main technical and economic indicator of the transition to qualitative-quantitative control for the city of

Brovary

During the transition period, the
temperature controllers of modern
automated individual heating will
automatically reduce the flow, and
the transition to central quantitative
control will be the only acceptable
solution for the district heating sys-
tem. Qualitative-quantitative central
control in combination with group
control in central heating substa-
tions for buildings connected to
district heating systems according
to dependent schemes (without
mixing devices and without auto-
matic control depending on outdoor
temperature) allows the avoidance
of significant heat losses with ,over-
heating". It also provides improved
conditions for the operation of heat
generators, including flue gas con-
densers and other low-temperature
heat sources. This system provides
the possibility of providing domes-
tic hot water supply services
throughout the heating period and
reduces electricity costs, which
significantly increases the overall
efficiency of the district heating
system.

The control method described in
this article, including the use of a
lower temperature heat supply
graph, isrecommended at the stage
when automated individual heating
substations are not installed in all
buildings in a district heating sys-
tem. In addition to the above, other
advantages of lower temperature
heat supply graphs include:
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+ reduction in heat losses in the
district heating network and a
reduction in thermal expansion
of the pipes, and, as a conse-
quence, simplification of heating
network construction, and elimi-
nation of compensators,

+ increase in electricity production
at combined heat and power
plants (CHP), by reducing the
pressure during steam extraction
from district heating turbines,

+ possibility of integrating district
heating systems with alternative
and renewable energy sources.
Transition to the proposed control

strategy requires installation of

variable speed drives on the main
pumps, as well as changes in the
thermomechanical scheme of heat-
ing plants. Such reconstruction of

heating plants should secure the
heat carrier flow circulating through
the boilers and ensure boiler and
heat network circuit separation.
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