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Abstract — This study proposes a method for the evaluation
of the efficiency of a heat supply system based on a correlation
analysis of the data of the system's operations. The data from the
system's operations have been analysed and a correlation
equation has been applied to obtain the results of the analysis,
which are then used for further calculations. The data can be
divided into two groups: data characterising the condenser
operations in the boiler house, and data characterising heating
networks.
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I. INTRODUCTION

The Latvian climate conditions impose particular
requirements on the heat energy supply. This especially
concerns district heating systems (DHS) — the dominant
solution of supplying large cities with heat (~80% of the total
number of heat energy users). Large DHS accounts for 70% of
urban building heating in China. In North China, this
proportion is even higher [1]. This is economically cost
effective from many points of view, as it is possible to achieve
a higher efficiency of the energy production [2]. Another
advantage of compact DHS is the possibility to use the
wholesale trade principle, since all the expenses forming the
tariff per MWh produced in a large system are comparatively
lower. At the same time, socio-economic and ecological
reasons should also be taken into consideration, since they
could be associated with a rise in employment and reduction
in import, as well as with the possibility to mitigate
environmental pollution and the greenhouse gas (GHG)
emission effect [3, 4].

Currently, the Latvian energy sector faces a serious choice
in its progress: to encourage all municipalities and local
authorities to set based on the bottom-up method, short- and
long-term goals of DHS development.

The short-term goal is: to secure — already now — as cheap
heat supply as possible. In fact, this would force to choose
cheap and inefficient equipment, and, which occurs quite
often, to make an unjustified decision as to the liquidation of a
DHS.
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The long-term goal is: to realize in the future a stable and
as low price as possible for heat energy that would be
independent of the supply policy pursued by the supplier of
imported fuel but dependent on the effectiveness of DHS
operation. This would mean that the dominating current
governmental policy has changed in the direction of
sustainable heat supply. Efficient heat supply systems based
on renewable energy sources are an important element of
future energy systems that do not depend on fossil fuels. There
is also important ecological aspect, because obtaining and
using of energy generally has mostly negative environment
impact [10]. End-use energy savings and the expansion of
district heating are often mentioned as measures to make the
heat supply sector in Denmark more sustainable [5]. Short and
long-term plans have been made to fully utilize the renewable
energy in municipal constructions, especially in Denmark,
where a city using 100% renewable energy is proposed [6, 7].

The technology choice is that which, currently and in the
future will be that which will dictate energy sector
development in the area of heat supply to public and
apartment houses. The installation and operation of an
economical, cost effective boiler-house unit is associated with
the necessity to reduce its operational cost in order to raise the
efficiency of its functioning. For example, the installation of
equipment for deep cooling at a boiler-house requires capital
investments that could be paid back in 3-10 years, depending
on the installed capacity and chosen type of equipment.

The operation of a chip-fuelled boiler house with installed
gas condenser depends on the functioning of the heat-supply
system as a whole. For example, the operation of the above
mentioned boiler house depends on the energy efficiency of
DHS users as well as on the water velocities and flows in all
the elements of a heat network, including heat exchangers at
the heat substations of the buildings [8]. To raise the amount
of heat derived from a gas condenser, it is necessary to reduce
the DHS returned water temperature [9]. This could be done
by the qualitative and quantitative regulation of the DHS
operating conditions and control over its functioning.

II.

This system evaluation model is intended for situations in
which a flue gas condenser has been installed in the boiler
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house of a heat supply system, which helps to increase the total
energy efficiency of the system.

Experience has shown that a flue gas condenser increases
the efficiency of wood chip use by 10-20%. The efficiency of
such a system is influenced by various parameters of the
operations of the heat supply system. In order to determine
these parameters, an energy efficiency evaluation model
consisting of eight blocks has been developed. The algorithm
of the model is shown in Fig.1.

5. Data of the experiments

1, Input data

2, Assumptions

7. Empirical models
for parameters of
hoiler houses

6. Empirical models

for parameters of DH
networks

3. Technological
calculation

4. Determining effectiveness of
system activity

8. Analysis of the results

Fig.1. Algorithm for the model of evaluating the system

The parameters of the operation of a centralised heat supply
system are influenced by both internal and external factors. In
general, the system's efficiency is determined by multiplying
the heat source efficiency by the heating network efficiency:

Nsis = MNbh * Mnet » (1)
where

Tsis — total heat supply system efficiency;

Nwn — boiler house efficiency;

Mnet — heating network efficiency.

Boiler house efficiency is determined with the help of a
direct balance:

Non = Qun/ B * Qy (2)
where

Qun - thermal energy produced in boiler house, MWh/year;

B - fuel consumption, t/year;

th — net heat value, MWh/t.

The efficiency of the heating network is determined with
the following equation:

Moet =1 - Qu/ Qun (3)

where
Qu - heat loss in heating networks, MWh/year.

In the further analysis instead of the energy the capacity of
the units is used. The installation of an additional system in the
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boiler house, namely, a fuel condenser, provides for a part of
the boiler house capacity. In such a case, boiler house capacity
can be expressed as:

Ncap + ch~Ncap = Ncap~(1 + ch)» MW, (4)
where

Neqp - boiler capacity, MW;

K.¢- condenser efficiency.

Condenser efficiency is the relation of condenser capacity
to boiler capacity N,,/Ne,p, and this can be expressed as either
a percentage or a fraction. Boiler house efficiency is then
determined by the expression:

Hin = (Neap-(1 + Kep) )/ Qe 5)
where
Qruel - capacity introduced with fuel, MW.

The installation of a condenser increases the boiler house
capacity or, in the case of a specific load, decreases the
necessary capacity of the boiler.

The correlation Nc,/Qge is the efficiency of a boiler
without a condenser. In such a case, the boiler house efficiency
is determined as:

th = ncap, (1 + Kef)- (6)

Using correlation (3), the heating system efficiency can be
calculated with the following equation:

ant =1- th/(“Ncap‘(1 + ch)) (7)

Then the expression for the efficiency of a system that
includes a boiler house and heating networks is determined
thus:

MNsis = ((“Ncap'(1 + ch))/ Qﬁlcl) (1 - th/(Ncap‘(l + ch))) = Ncap~((1

+ ch) - th/Ncap)/qucla (8)
or by inserting the expression for boiler efficiency:
Nsis = ncap, ((1 + Kef) - th/NCap) (9)

If we assume that the efficiency of a boiler without a
condenser is a constant quantity, then the variable parameters,
for example, depending on the outdoor temperature, are K,
Qui, and N,,. Empirical equations are obtained with the help of
a correlation analysis in order to evaluate such changes.

II1.

The flue gas condenser set up in the boiler house of the
Ludza heating system has been operating for two years. The
condenser has increased the total energy efficiency of the

RESULTS OF THE EXPERIMENTS
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whole heating system. It is important to reach the maximum
efficiency the system can provide and sustain this for the
longest period possible.

A correlation analysis has been used to process the
experimental data from the heating system. This analysis
studies the interaction between several chance quantities and
determines the closeness of the correlation between these
quantities. The correlation coefficient determines how precise
are the empirical equations characterising the closeness of the
correlation. The squared values of the correlation coefficient
are shown in the respective figures.

Changes in the efficiency of the condenser depending on
outdoor temperature can be seen in Fig. 2.
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Fig. 2. Changes in condenser efficiency depending on outdoor temperature.

The changes are characterised by the following equation:

Ker = 0.016.t0,> + 0.721 .ty + 17.45 (10)

When the outdoor temperature increases, the temperature of
the return water decreases and deeper cooling of the flue gases
takes place in the condenser. It non-linearly increases the
efficiency of the condenser.

Changes in losses in the heating network depending on
outdoor temperature are shown in Fig. 3.

430
4"%
410
. + g% 2o
= e" 370
= \" h
54 350
e :
o
=
@
2
=
= 310
% R? = 0,9655 )
290
250
410 30 -20 -10 0 10 20
Outdoor temperature tout, °C

Fig. 3. Changes in losses in heating network depending on outdoor
temperature.
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The resulting correlation for changes is:

Qi = -2E-05. toy -0,0009. toy* +0,0018. toy’ +0,3173. toy? -
2,5985. t,, +320,09 (11)

When the outdoor temperature increases, the temperatures
of the supply and return water decreases; as a result heat losses
in the network reduces non-linearly.

Changes in boiler capacity are shown in Fig. 4.
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Fig. 4. Changes in boiler capacity depending on outdoor temperature.

The changes are determined by the following expression:

Neap = -0.003.toy” — 0.299.t,, + 5.214 (12)

When the outdoor temperature lowers, consumer heat load
increases. To cover it, a bigger capacity of the boiler is
necessary.

IV. RESULTS

The empirical correlations (10), (11), and (12) with the
expression (9) have been used to calculate the changes in the
system's efficiency as the outdoor temperature changes. The
resulting data are shown in Fig. 5. A correlation analysis of the
obtained data results in equations that characterise the
efficiency of the system depending on whether or not a flue gas
condenser has been installed in the boiler house. The energy
efficiency of a heating system with a flue gas condenser after
the boiler is characterised by the following equation:

Neis = - SE-07 toy * - 2E-05 toy” - 2B-04 toy 2 + 0.003 14, +0.892
(13)

It is assumed that the efficiency of the boiler is constant and
equal to 80%. For comparison, the figure also shows the
change in a system's efficiency if a flue gas condenser has not
been installed or is not working. In such a case, changes in the
system's efficiency are determined by the following equation:
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Neis = = 3E-07 toy * - 1E-05 toy > - 2E-04 toye > - 0,002 toy +

>

(14)

By entering K. = 0, expression (9) may also be used to
calculate changes in the system's efficiency.
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Fig. 5. Changes in heating system efficiency depending on outdoor
temperature.

As seen from the obtained results, the efficiency of the
system depends on the outdoor temperature, and this
dependence is described by a fifth degree polynomial equation.
Two extremes are observed:

If deep cooling of the flue gases with vapour condensation
takes place in the boiler house, the heating system reaches its
maximum efficiency when the outdoor temperature is above
2°C. As the equation (9) shows, the efficiency of the system is
determined by the efficiency of the condenser K., which is the
relation of the capacity of the condenser to the capacity of the
boiler Neow/Neop, and the relation of the heat losses in the
network to the capacity of the boiler Qu/N,,p,. The values are
reversely directed. Until the outdoor temperature of 2 °C, the
changes in K. are determining, and the efficiency of the
system increases. When the temperature increases exceeding 2
oC, changes in the relation Qy,/N,,, are more rapid.

When the outdoor temperature is very low, the efficiency of
the heating system is also low, and efficiency reaches its
minimum value when the outdoor temperature is -25°C.

Both situations can be explained by the vaporisation and
condensation processes that take place in the condenser and
stimulate further study of this system in order to increase the
efficiency of the system over the entire course of its operations.

In situations without a condenser, the changes in the
efficiency of the system are smooth and without extremes.
Indicator values decrease as the outdoor temperature increases
and are lower than for a system with a condenser.

V. CONCLUSIONS

1. The study involves an authorised method for the
evaluation of the efficiency of a heating system that is
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based on the empirical equations obtained as the result
of a correlation analysis of the experimental data of the
system, which determine changes in the variable
parameters of the system.

2. The efficiency of a heating system using a flue gas
condenser is higher than that of a system without a
condenser. The extremes observed in changes in
efficiency depending on outdoor temperature are
associated with the specific character of condenser
operations.

Based on experimental data from the boiler and
condenser in 2012-2013, a more in-depth study of the
vaporisation and condensation processes within the flue
gas condenser is being conducted in order to increase
the efficiency of the system over the entire course of its
operation.
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