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Case study: Rehabilitation of the District Heating System in Topoloveni
town, Arges county, Romania

Chapter | Generalities

Necessty and opportunity of modernization. The present situation.

Fig. 1.1. presents the plan of the Topoloveni town including the location d the sources -
district heating stations - running on liquid fuel and/or gases, of the didtrict heating distribution
networks, supplying the consumers connected to the system.

The system has four boiler houses designed to operate on solid fuel (pulverised coal). After
their delivery, the boilers were modified to burn natural gas (BH1) or liquid fuel (BH1, BH2 and
BH3).

The connection to BH4 was nat performed, the latter remaining in conservation together with
al its relating installations (electrical network, piping, heating pipe network in ducts that cannot be
entirely inspeded). The mnsumersto be connected to BH 4 were redistributed to BH1 and BH3.

In general, the district heating system of Topoloveni has the same deficiencies as the majority
of similar systemsin our country.

In particular, the main charaderistic of the Topoloveni system, which isnot so obsoletein fact
but was developed by means of low technica charaderistics equipment and materials and under
poor quality condtions, is its unsatisfactory operation from the point of view of energy efficiency,
consdering the costs evolution and the amount of burnt fuels (gases and CLU3) and the genera
tendency to eliminate subsidies from the cost of the heat supplied to population.

The consumer hea transmission and distribution network is of the tree type, in underground
concrete ducts, which can be only partially inspected.

The heat carrier transport is performed through 2 pipes for heating (supply and return) and 2
sted pipesfor household hot water use.

Thetotal length of the pipe ductsis of 3.8 km. The pipes laid down in ducts are insulated and
protected by means of mineral wadding and rabbits plastering, proteded by bitumen board, and is
over 50 % destroyed.

The three BH supply heat for central heding and hot water for domestic use to 48 Bocks of
flats (11 entrances and 5 buildings of socia utilization).

The supplied consumers live in residential blocks of flats of the Ground floor +2...4-floor
type.

The resistance structure of the buildings is made up of great panes, panels with reinforced
sted frames or frames and krick masonry.
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The studies that have been carried out on the occasion of the district heating stations
ingpections, verifying the arrespondence between the existing capadties and the requirements in
the Deaee-Law no. 56/1990 establishing the heat amount necessary for population and regulating
the heating temperatures in the buil ding to 20°C led to the following conclusions:

- The maximum necessary heating amount per hour a present for Topoloveni is of
15.6 Gcd/hour, out of which 12.6 Geal/hour for heating and 3 Geal/hour representing the average
loading for the corresponding domestic water preparation.

- This necessary amourt was established on the basis of the eisting consumers, namely: 48
blocks of flats, representing the existing 1885 3-room actua flats (1453 3- room average
conventiona flats), 7commercial spaces + 5 buildings with social destination (representing the
equivalent of about 272 adual flats, or 210 average conventiona flats),

The total number of conventional average apartments belonging to Topoloveni is of 1663
(including residential, commercial, socid destination spaces).

We should underline that the ebove mentioned values were established in acordance with the
caculated (designed) necessary heat amount, therefore dter having taken into acourt the
corresponding condition both of the interior installations and the supplied buildings envelope. In
other words these ae the necessary heat loads that should be cvered even in case dl the measures
for the thermd rehabilitation d the buildings and their interior installations, as well as of the heat
transmisson and distribution installations are taken; they represent the season average hed load the
system operates at most of the time.

The installed average radiating area is of 11.5 sgm/average conventional apartment and the
resulting number of occupying personsis 3.1 persons/conventional average gpartment.

As we have dready mentioned the eisting situation o the Topoloveni district heating
stations and heat transmission and dstribution networks cannot be maintained, as it endangers the
operation d the entire system.

In order to improve the system efficiency, both from the technical and econamic points of
view, it is necessary to make dnangesin al its main sedions.

The hed sources - the BH - represent the most important part where energy efficiency
improvement can be performed.

The minuses in the existing situation are grouped as follows:

- Manufadured boilers, both obsolete and worn;

- Heating install ations, obsolete and worn due to inefficient utili zation, as well;

- Old heat exchangers of grea dimensions whose thermodynamic performance was low even
from their design stage, and which further diminished during their operation (due to deposit
formation);

- Utilization o great amounts of untreaed make-up water which led to efficiency diminishing
and boil er destruction in the ourse of time;

- Almost entire ladk of control and measurement instrumentation, both at the sources and the
end user (buildings) levels.

- Ladk of energy management/metering elements in the district heating stations and/or
consumers.

The distribution and transmisson networks represent other vulnerable and in poor condtion

sectors.

- At avisua inspection, the pipes display (show) a high level of inner and outer corroson
causing frequent pipe breaking and significant heat and hed carrier losses,

The network routes are inadequately chosen and do naot enable operations and interventions.

Taking into consideration the above-mentioned fads various solution variants have resulted
that shoud subgtantially increase energy efficiency by components and at the level of the enitire
system.

The projed proposes a radical solution consisting in aandoning and taking out of operation
the entire equipment and installations of the eisting 4 district heaing stations, as well as their
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related exterior networks and developing a unique district heating station uilizing only its envelope
with some structure and finishing modifications that are required.

The installed power of the district heding station is of about 18.6 MW covering the heat
demand of the town relating to heating and hd water preparation for domestic use. The supplied
heat carrier is water at 90/70° C. The station also supplies hot water for domestic use & 60°C. The
station burns both natural gas- in the basic mode - and CLU3 in the peak mode.

For the district heaing networks were analysed the four or two line pipe systems. The pipes
will consist of preinsulated pipes, with very low insulation thermal conductivity (0.027 W/mK), that
leadsto hed losses that are very low, too.

Equipment and materials

Boilers

To prepare the heat carrier hot water steel boil ers have been chosen, with presaurised burning,
of 4 Ged/h, p=5 bar, equipped with GI M1ST 510 DSPNM type mixed burners (natural gas— CLU)
which are fully automated and whose operation can be controll ed.

Pumps
The boiler injedion pumps, make-up and redrculating pumps are of the WILO type, whose
reliability is very high.

Pressure equalizing cylinders

The scheme including a presaure equalizing cylinder enables the harmonisation d the boiler
working conditions with the consumers’, the cascade operation d the boilers with the automatic
hydraulic separation of the boilers taken out of operation without requiring operations of the
stoppers.

Plate heat exchangers

At present, the district heating stations in the Topoloveni town are equipped with tubular heat
exchangers with ICMA type brass tubes for the preparation of domestic hot water. Their heat
transfer coefficients are of 600-800 W/m>K , which may diminish up to 250-300 W/m*K.

The operation and maintenance of the heat exchangers require great annua costs due to the
frequent tube breaking or their cleaning to remove the deposits.

The plate hea exchangers congst of frame and presaure plate goplied oneach sde of the plate
package. The plates are provided with spedal distribution patterns that will guarantee a proper
distribution of the flow. This pattern also credaes high turbulence and heat transfer coefficient. The
plate heat exchanger is easy to install due to low weight and compactness. If nealed, the plate heat
exchanger can easily be opened and cleaned simply by removing the tightening bolts.

Automatic protection installations preventing accidental overpressires

The expansion modules automaticaly ensure the taking over of the water in excessresulting
from the dilatation of the heating circuit, and, under automatic control, the maintenance of the
minimum pressure in the heaing circuit and the gradual filling up with treated water of this circuit.
Expansion vessels covered by V=5mc membranes have been chosen.

Filling and compensation water treatment stations
The treatment stations that have been chaosen are fully automated, have aito regeneration and
adiminished salt consumption and caionic mass and increased softening level.

House water supply plants
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The house water supply plants are packed, fully automated, utilised in the drinking water
supply networks for increasing pressure. Among their advantages we should mention: easy
installation (fully assembled module, that can be immediately install ed through its direct connection
to the water and dectricity supply network) and minimum consumption.

Expansion/make up module

The module aitomaticdly ensures the taking over of the excess water resulting from
dilatation (expansion) in the heating circuit, protedion d the heating circuit against overpresaire,
recovery of the treated water discharged from the heaing circuit during expansion, maintenance of
minimum pressure in the heaing circuit and make up/filling up with treated water of this circuit, as
well as pressure measurement in al circuits.

Preinsulated pipes and pipe dements

The new technologica solution proposed for the rehabilitation of the distribution district
heating networks supplying the consumers consists of preinsulated steel pipes for heating and
galvanised pipesfor the domestic hot and recirculating circuits.

Pipe preinsulation is performed in the factory by means of rigid polyurethane foam through
two solutions’ injection and a high hardnesspolyethylene pipe for the external protedion.

Automation equi pment

The equipment provided for automation (regulators, three way valves, thermostats) ensures
the sequentia start /stop of the boilers, heat carier temperature regulation in agreement with the
exterior temperature, preparation o domestic hot water, maintenance of a pre-established presaure
in the heating installation.

Metering systems

The heat meters provide information relating to the heat amounts necessary for heaing and
domestic hot water preparation supplied by the district heding sation to consumers. They are
highly sensitive and reliable.

The mgeneration module

This module is a complex equipment, made up of a piston engine, eectric synchronaus
generator, economiser, module automatic full protedion, control and operation regulation system.

The operation principle is to smultaneously generate dedricity and hed by means of the
same amount of fuel. This equipment has been selected for the hot water preparation within the
district heating system (through heat recovery from the lubricating oil, engine cooling water and
discharge gases). The engine is connected in paralel to the Nationa Power System (the normal
operation mode). The @nnection in the Transformer station is performed immediately after the
electricity-metering device aquired from CONEL.

The thermal connedion is in paralel with the existing district heaing station, the boiler
ensuring the heat difference or the back-up solution in case the engine stops functioning.

The overdl efficiency of energy utilisation is of min. 85%, and the polluting emissons are
extremely low.

Chapter 2 Description of the proposed moder nisation wor ks

The proposed variants will be analysed from the economic point of view. The consumers
heat demand will be entirely (fully) covered in al instances.

The reference variant (0) — minimum from the point of view of the investment effort to be
made. It proposes minimum repair works, necessary for maintaining the system in operation, by
means of the existing equipment, and eventually putting back into operation the boilers that were
taken out of operation or are under conservation, if this is considered feasible from the technica
point of view. New boilers could aso be alded to cover the heat and hot water demand o the
consumers conneded to the system in normal conditions. The main characteristic of this technical
variant is preservation (as much as possble) of the existing type of equipment and location o the
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capecities for the hea carrier preparation, necessary for heating and hot water (without structural
modifications of the system) preparation. Nevertheless this variant which is considered for
comparison entails low investment costs, but high operation costs.

Variant 1 will include, in fad, three subvariants, which will be distinctly analysed. The
location of these three subvariants is the same, namely the district heating station no. 1 (BH1).

Subvariant 1.1. — Envisages BH1 (representing the only source of the entire system) equipped
with hea sources whose @pacities are dimensioned so that to cover the entire demand of the town —
modern mixed gag/liquid fuel boilers, for the centralised preparation d the heat carier for heating.

The hot water will continue to be prepared within the district heating system, centralised at
the sourcelevel, asfollows:

- central heating modules, equipped with internal combustion engines working in a
cogeneration mode-for domestic hot water preparation in a base load regime;

- high performance boil ers - for the preparation of domestic hot water and heat carrier for
heating in peak load regime.

The consumption hot water recirculating pipe was given up, the alculations and pradica
determinations showing that, for a 7 hours interruption in the hot water supply, the latter's
temperature decreases only by 5°C, from 55°-60°C to 55°-50°C, temperature still requiring its
mixing with cold water.

From the point of view of the working conditions correlated with the evolution of heat
consumption in the form of domestic hot water at the site and the performances of the selected
engine, we consider that two district heaing modules are necessary. The district heating modules
will function dhily (the first for 21 hours/day, in the interval between 3 and 24, and the second for
20 hous, in the interval between 4-24), supplying:

- heat in the form of domestic hot water — based on the load curve — which will be

supplied through the distribution retwork of the domestic consumers,

- low voltage eectricity — to be partially utilised for tedinological and own consumption,

the rest following to be supplied through the distribution networks to the domestic
consumers.

Subvariant 1.2. Envisages BH1 integral equipped (as the unique source of the entire system)
with hed sources whose @padties $ould be dimensioned so that to cover the entire demand of the
town — modern boilers burning both gases and liquid fuel, for the entraised preparation of the hea
carrier for heating and installation of capacities for the domestic hot water preparation at the local
level. The main dfference @& compared to subvariant 1.1. isthat in subvariant 1.2. the distribution
network is transformed into a two pipe type solution. Thus, the complexity of the source equipped
solution is diminished by eiminating the specific equipment from BH1 (hot water pumps and
recirculating pumps, heat exchangers, measurement, regulation and control instrumentation). At the
same time the domestic hot water supply and recirculating pipes, including their related metering
devices, are diminated. Last but not least the town water consumption will be transferred from the
source level diredly to the level of the supplied buildings.

Subvariant 1.3. — considers the BH1 equipped (as the unique source of the entire town) with
heat sources whose capacities will be dimensioned so that to cover the entire demand of the town —
modern boilers burning both gases and liquid fuel, for the eentralised preparation d the heat carier
necessary for heating and capacities install ation for the entralised domestic hot water preparation.

Variant 2 — proposes BH4 as the (unique) centralised source location for the entire system,
equipped with hea sources whose cagadties should be dimensoned so that to cover the eitire
demand d the town-modern boilers burning both gases and liquid fuel, for the domestic hot water
preparation at locd level.
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All the variants are based on the same hypothesis, namely to cover the same maximum hourly
heat demand (at its peak in wintertime). All variants consider a unique district heaing station for
the whole town as an energy management node, operated by areduced number of personnd.

The unique heat source will run on gases and liquid fuel, which requires the neaessty to
ensure a correspondng cgpacity of the CLU storage enabling the modernised system rhythmic
operation without undesired breakdowns.

At the same time asupplementary connedion to the cold water network was provided.

Chapter 3  Evaluation of the moder nisation works effeds

To establish which of the technicd variants has the most advantageous economic fects the
investment costs and the hed generation costs, respedively, both in the reference variant and the
four modernisation variants analysed were cculated. The investment costs have been determined
on the basis of the offers received from some firms that are present on the Romanian market and
sell the equipment and materials envisaged required by the proposed install ations.

The investment costs = the main component elements of the investment costs as well as their
valuesare given in Table 3.1.

Table 3.1. Million ROL
Computation € ements Reference | Variant V11 | Variant V12| Variant 13 | Variant 2
variants

Heat networks 3063.717 9789.05 8192.76 11823.11 | 11823.11
District heding dstation | 2804.283 24425.848 | 10264.198 | 12596.737 | 11264.198
equipment

Supplementary meters 0 670 100 670 100
Compact heat 0 0 11232.11 0 11232.11
substations

TOTAL 5868.0 34885 29789 23056 34419

Production costs + the calculations were based on the following hypotheses:

- The five solution variants aim at improving the existing situation, implicitly rendering
favourable or not so favourable economic dfeds;

- From the econamic point of view the five variants have effeds only on some of the
actual production costs gructure namely:
-Make-up water consumption (material and heat);
-Eledricity consumption;
-Maintenance and repair works amount;
-Salaries;
-Fuel consumption.

- The other elements of the production costs structure are @nsidered identicd in all
variants for the values obtained up to the present moment;

- The share of the production cost elements values against the actual values are given in

Table 3.2.
Table 3.2. Values %
Calculation elements Actua | Reference | Variant | Variant | Variant | Variant
Situation | variant V1l V12 V13 2
Make-up water consumption 100 90 15 10 15 15
Eledricity consumption 100 100 30 32 30 50
Maintenance and repair works| 100 85 50 50 50 50
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amount
Salaries 100 100 50 50 50 50
Fud consumption 100 95 90 71 71 74

The values of the production costs in the present situation for the five variants analysed
calculated onthe basis of the hypotheses previoudly presented are those given in Table 3.3.

Table 3.3 Million ROL
Calculation element Actual | Reference | Variant | Variant | Variant | Variant
stuation | variant V1l V12 V13 2
Fuel costs 3352 15371 10855 | 11488 | 11488 | 11973
Make-up water costs 81 354 59 39 59 59
Eledricity costs 195 939 282 300 282 470
Maintenance and repair costs 153 628 370 370 370 370
Salaries 488 488 244 244 244 244
Other cogts 625 4881 4881 4881 4881 4881
Total 4894 22661 16691 | 17322 | 17324 | 17997

Chapter 4 Economic analysisof Topoloveni heat supply system moder nisation

The eonamic analysis was performed on the basis of the following hypotheses:
- Investments will be carried out step by step, in equal tranches over a threeyears period of
time;
- The average dectricity and hedt tariffs are:
- Heat supplied to consumers 492606 ROL/Gca
- Electricity bought 998 ROL/kWh
- The decision indicator for the ecmnamic analysisis the Net Present Vaue alculated over a
20 years periods of study, a 15% discount rate and an instalation development time
corresponding to ayea investment trance
For each variant the Net Present Value, the Internal Rate of Return and the Simple Payback
Period of investments from the value of the operation costs svings were cdculated. The results of
these @ culations are presented in Table 4.1.

Table4.1.
Calculation item Referencd Variantf Variant Variant| Variant
Variant V11 V12 13 2
Investment Costs (mil ROL) 5868 34885 | 29789 | 23056 | 34419
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Production costs (mil ROL) 22661 16691 | 17322 | 17324 | 17997
Income out of which: 23618 27847 | 23618 | 23618 | 23618
-electricity (mil ROL) 0 4229 0 0 0
Simple Payback Period (years) 957 11156 | 6296 6294 | 5621
Net Present Value (mil. ROL) 6,1 3,1 47 3,7 6,1
Internal Rate of Return (%) 0 29336 | 7715 | 13597 40

Variant 11 (centralised heaing and centralised preparation of the domestic hot water by
means of cogeneration) is the most advantageous for the Topoloveni district heating system.

On the other hand, considering the investment to be made, variant V13 (centralised heating
and domestic hot water preparation in BH1 by means of high performance euipment) whose
economic indicators are dso high, is recommended to be implemented in Topoloveni, following to
evaluate dl the other effects (sengtivity, risk, environmental impad) it may have.

The main characteristic dements of variant V13 are the following:

- Investment costs 23056 mil.ROL
- Production costs 17324 mil.ROL
- Income 23618 mil.ROL
- Netincome 6294 mil .ROL
- Simple Paybad Period 3,7 ani

- Net Present Value 13597 mil.ROL
- Internal rate of return 26,93%

Chapter 5. Sensitivity analysis

Sengtivity analysis has been carried out on Variant 13 that has come out as the most
advantageous from the investment and the dosest econamic indicators points of view as compared
to Variant 11.

By means of this analysis it is possble to perform the evaluation of the financial components
influence on the sensitivity indicators (Net Present Value - NPV, Internal Rate of Return - IRR,
and the Simple Payback Period — SPP). The variables considered were the foll owing:

-the investment costs;

-the fuel cost;

-the sold hed price;

-the dedricity price

The variation domain ranged between 0.8 and 1.3 of the base values utilised for establishing
the optimum variant.

The variation d the investment costs by the analysed range does not influencethe NPV value,
which is maintained at positive values, the variation ranging between +30% and £55 %. The other
two indicators are more or lessinfluenced, the SPP varying directly proportiona (is modified by
amost the same percentage) with the evolution d the variable, respectively, and IRR doubles for
the analysed range.

The fuel price parameter greatly influences NPV, nevertheless without registering negative
values, except for 30% price increases . The same variation is registered by IRR, while SPPis kept
under 10 years.

Similarly, but more influenced by NPV and IRR, is the sold heat parameter for which NPV
becomes negative when the price is diminished by 20% (very little, we presume), but NPV triplesin
the @ase of a20% increase.

The electricity price parameter does not influence the e@namic indicators in the analysed
range.The heat price has amajor influence upon al the econamic parameters, to be followed by the
fuel price
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Chapter 6 Therisk analysis

The main risk factors of the project are:

- The market fluctuations +which can diminish the revenues and endanger the investment
recovery. In the case of our projed their value is negligible though, because the diminishing in the
heat demand necessary for the building heating supplied by Heating Company, it could be only due
to some major modifications, which are not likely to occur. Diminishing in the heat demand
necessary for building heating urder the value mnsidered is naot likely to occur as the requirements
of the dtrictest therma insulation standards have been taken into consideration when establishing it
in agreement with the Law no. 10/1995 relating to quelity in constructions.

At the same time we cannot overlook any diminishing in the hea demand caused by the
significant depopulation of the town over a medium term.

- The variation of the eonomic hypotheses + which can have a negative influence,
especialy concerning the requirements relating to environmental or socia protedion and can ad
only in favour of the project, which has a positive impad both on environmenta protedion and
social field by increasing the level of comfort.

- The technical risks * represent in fact the possbility of a large scde failure occurring,
entailing supplementary operating costs, correspondingly. This type of risk can have a dlight
influence, too, considering that the chosen solution is practically at the highest technica level in the
developed countries where the experience with this kind of install ations has been accumulated over
along period of time.

- Risk elimination — As long as we cannot pradicaly eliminate any risk completely it is
desirable that the projed implementation should consider a series of measures to limit risks,
dividing them among more partners by means of an association based on along term contract.
Thiskind of contrads $ould be concluded with the owners associations as the beneficiaries of the
centralised heating system as well as, with the fuel suppliers.

Chapter 7 Evaluation of other effectsof the project

Although for the sdection of the variant proposed to be implemented neither the
environmental, nor the socid effeds have been quantified yet, their effect will be noticed in the
increase of the Topoloveni community comfort.

The environmental impact * is important due to the faa that the hea supply source (the
district heaing station) runs on CLU3 with natural gases as badkup.

By implementing the technicd solution for improving the system proposed in Variant 13 the
heat and primary energy consumption implicitly, will be diminished.

By implementing Variant 13 the noxious substances presented in the following table ae
diminished, asfollows:

Cadlculation element MU Vaue
CO, emission reduction TCO,/year 6055
SO, emission reduction T SO/year 66
NOy emisson reduction T NOy /year 16

Social effects— They are aso important as their influence is felt in multiple directions:

- Ensuring the buildings thermal comfort (uninterrupted and safe supply of heat and
domestic hot water, at the quantitative parameters required, entirely covering the demand;

- Giving up the utilisation of complementary heding sources (pe&k load) during the periods
of time when the distribution network cannot cover the demand. As a general rule, these
supplementary sources would resort to eectricity which, in case it is not consumed, has a
local effect on the family budgets of the people living in the respective buildings, but also
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entails a correspondng reduction of the noxious sibstances and resorts lessto primary
resources, at the regional level, respectively

- increase in the professonalism of the personnel and services supplied by Heding
Company with favourable dfects on the cmmpany's income and the employees salaries.

- Increase in the awareness of the operating personnel and the domestic consumers
especialy relating to energy efficiency and energy management.

Chapter 8 Conclusions

The paper aims at establishing and analysing the possbilities of modernising the district
heating system of the Topoloveni town from the technical and econamic points of view in order to
increase econamic dficiency and the safety level of the consumers heat supply by retrofitting the
sources and eliminating the unjustified losses of heat and heat carier.

To achieve this areference variant was proposed (from the simple rehabili tation, maintaining
the present location of the heat sources) and four more modernisation solution variants (which differ
from one another relating to locations and equipping posshbili ties of BH).

The econamic analysis has pointed out that Variant 11 (centralised heating and domestic hot
water preparation by cogeneration) is a promising solution to the heating supply system
modernisation of the Topoloveni town, but Variant 13 (centraised heding and domestic hot water
preparation by means of high performance eguipment in BH1) has the alvantage of lower
investment costs.

During the meeting at the Topoloveni City Council in which participated members of the
Local Council, the decision-makers of Heating Company, representatives of the cmpanies offering
equipment, as well as the developers of this gudy anaysed the variants presented.

As aresult of the discussons held, taking into account the necessary investment costs and the
fact that from the technical point of view the other variants present certain particularities relating to
exeaution and operation, Variant 13 was chosen to be implemented for the modernisation o the
district heating supply system of Topoloveni. In the case of this variant dl the other effeds were
estimated (sensitivity, risk, environmental impact).

The necessary equipment for the district heding station 1 (BH1) in variant 13 are:

- 4Gcd/h, p=5 bar bailers, equipped with automatic burners burning both gases and CLU *
4 peces,

- 250 cm/h, p=4 m CA injedion boiler pumps +4 pieces;

- 3cm/h. H=50 m make-up water pumps CA = 2 pieces,

- 4x160 cubic m/h, H=5 m CA hedaing primary circuit ;

- 4x160 cubic m/h, H=5 m CA heaing secondary circuit;

- Presaure balancing cylinders;

- Heat exchanger for heating, 4x3.15 Ged/h;

- Module for domestic hot water preparation 2x2.25 Gceal/h;

- Automatic water softening station, 3cnvh;

- Closed expansion vessl, V= 5cm, -2 pieces;

- Heat meter for heating, Dn 400;

- Heating meter for domestic hot water preparation, Dn 125;

- Expansion and make-up water module;

- Fully equipped pumping unit, of the house water supply type, Q=89.6cm, H= 14.9 mCA;

- Automatization equipment (regulators, three line vaves, thermostats, presaure gauges) for the
sequential starting/stopping of the boilers, hea carrier temperature regulation with the exterior
temperature, domestic hot water preparation, maintenance of a pre-established presaure in the
heating install ation;

- Stak +2 pieces
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- Replacement of the old heat pipes for heaing by new pre-insulated pipes, on new routes, by

stages.
The eonamic indicatorsin this variant are the following:
- Investment costs 23056 mil.ROL
- Production costs 17324 mil.ROL
- Income 23618 mil.ROL
- Netincome 6294 mil .ROL
- Simple Payback Period 3,7 ani
- Net Present Value 13597 mil.ROL
- Internal rate of return 26,93%

Other tedhnical specifications:

- The routes of the new heating networks do na affect great agricultural pieces of land as
they are developed within the building perimeter in the interior of the Topoloveni town.

- Modernisation of the centralised heating system will be performed within the existing
construction;

- The equipment and installations supply with eledricity does not require more power as
they are mounted in the existing building equipped with the necessary eledricity
connections correspondng to the designed solutions;

- As regards drinking water supply, due to passng the entire water consumption to CT1
requires awater connection Dn 100, L=100 m, which was taken into consideration when the
investment was evaluated.
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