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CONSTRUCTIVE SOLUTIONS FOR THERMAL
ENERGY TRANSPORT AND DISTRIBUTION

SOLUTII CONSTRUCTIVE PRIVIND TRANSPORTUL
SI DISTRIBUTIA ENERGIEI TERMICE

Sergiu NOVENCO?, Vasile LEU?, Vera GUTUL?®

Abstract: District heating networks are essential components of urban energy
infrastructure; however, in many Eastern European cities they face high energy
losses caused by pipeline aging and outdated construction solutions. Reducing
these losses is crucial for improving energy efficiency, lowering emissions, and
ensuring the sustainability of heating systems.

This paper analyzes modern solutions for reducing heat losses, focusing on
next-generation pre-insulated pipes and advanced insulation materials,
through a techno-economic assessment applied to the CT Vest district heating
network in Chisinau. The results indicate significant reductions in thermal
energy losses, operating costs, and CO: emissions, demonstrating that
systematic modernization represents a viable and necessary direction for
district heating systems in the Republic of Moldova and other regions with
similar infrastructure.

Keywords: thermal energy losses, district heating networks, energy
efficiency, structural solutions.

Rezumat: Retelele de termoficare sunt esentiale pentru infrastructura
energetica urband, insa in multe orase din Europa de Est se confruntd cu
pierderi ridicate de energie, generate de uzura conductelor si solutii
constructive depasite. Reducerea acestor pierderi este necesard pentru
cresterea eficientei energetice, diminuarea emisiilor si asigurarea
sustenabilitatii sistemelor.
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Lucrarea analizeaza solutii moderne pentru reducerea pierderilor de caldura,
cu accent pe conducte preizolate de noud generatie si materiale izolante
avansate, printr-o evaluare tehnico-economica aplicata retelei Centralei
Termice Vest din Chisindu. Rezultatele indica reduceri semnificative ale
pierderilor, costurilor de exploatare si emisiilor de CO:, demonstrand ca
modernizarea sistematica reprezintd o directie viabila pentru sistemele de
termoficare din Republica Moldova si regiuni similare.

Cuvinte cheie: pierderi de energie termica, retele termice, eficienta
energetica, solutii constructive.

1. Introduction

District heating systems play a key role in ensuring urban thermal
comfort and improving the efficient use of energy resources, particularly in
areas with high population density. At the European level, district heating
networks are considered an effective solution for integrating renewable
energy sources and reducing greenhouse gas emissions, in line with the
decarbonization objectives established through the energy policies of the
European Union [1-3].

However, in many cities in Central and Eastern Europe, including the
Republic of Moldova, the infrastructure of district heating networks is
characterized by an advanced level of deterioration. Most pipelines installed
before the 2000s exhibit significant thermal energy losses caused by
insulation degradation, water infiltration, and outdated construction solutions.
Under such conditions, total network losses frequently exceed 18-20%,
negatively affecting both the economic efficiency and operational reliability
of district heating systems [4].

Official data from the 2024 report of the National Agency for Energy
Regulation of the Republic of Moldova confirm the persistence of this
problem: actual losses in district heating networks reached approximately
19.3% of the delivered thermal energy, representing about 348-352 GWhtn,
despite the decrease in the total volume of heat production over the past
decade. These values significantly exceed modern reference levels (typically
10-12%) and reflect the physical deterioration of district heating networks,
particularly in large urban areas such as Chisinau [5].

It should also be noted that several studies addressing the current
situation and development perspectives of district heating systems in the
Republic of Moldova, as well as the justification of the structure and
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parameters of energy sources within urban district heating systems, are
presented in the literature [6-15].

The modernization of district heating networks involves the adoption
of modern engineering solutions, such as next-generation pre-insulated pipes,
high-performance insulation materials, and rehabilitation technologies with
reduced urban impact. These solutions enable the reduction of heat losses,
extension of infrastructure service life, and decrease in operational costs.

The aim of this paper is to analyze the efficiency of modern
engineering solutions applied to district heating networks through a case study
conducted on the network associated with the Central Thermal Plant Vest (CT
Vest) in Chisinau. The analysis considers both energy and economic aspects,
as well as environmental impacts, providing an evaluation framework for
modernization decisions in district heating systems.

2. Methodology

The methodology used in this study is based on a comparative techno-
economic analysis of several engineering solutions applicable to district
heating networks. The analysis aims to evaluate their efficiency in terms of
reducing thermal energy losses, investment costs (CAPEX), operating costs
(OPEX), and environmental impact.

The data used in this analysis were obtained from the technical
documentation and operational records of the district heating network
associated with the CT Vest thermal plant in Chisinau. The analyzed network
includes pipelines with different diameters and service ages, representative of
the district heating infrastructure installed during the period 1970-1990.

The evaluation of the engineering solutions was carried out based on
the following criteria:

+ specific thermal energy losses per unit length of pipeline;

 investment and operating costs;

 estimated service life of the analyzed solutions;

» environmental impact, expressed through the reduction of CO:
emissions associated with energy losses.

The comparison of the solutions was carried out by analyzing
several modernization scenarios relative to the existing state of the network,
which was considered the baseline scenario. The obtained results allow the
identification of optimal solutions from both energy and economic
perspectives.
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3. Innovative solutions in thermal energy transport
and distribution

3.1. Thermal and structural properties of polyurethane foam

In recent decades, rigid polyurethane foam (PUR) has become the
standard insulation material for district heating pipelines in Europe due to its
low thermal conductivity, low weight, dimensional stability, and resistance to
moisture. Compared to older mineral or bituminous insulation materials, the use
of PUR in pre-insulated pipes has reduced heat losses by more than 50% and
extended the service life of district heating networks to 30—40 years [16-22].

European standards establish strict requirements regarding foam
density, thermal conductivity coefficient, adhesion to the steel service pipe, and
mechanical performance during operation. Manufacturers have developed
modern generations of PUR with thermal conductivity values (A) between 0.022
and 0.028 W/mK, significantly lower than those of traditional insulation
materials such as mineral wool, bitumen—perlite insulation, and similar solutions.

Single pre-insulated pipes, widely used since the 1980s, consist of a
steel service pipe, a layer of PUR thermal insulation, and an outer casing made
of high-density polyethylene (PE-HD), aluminum, or stainless steel, which
provides mechanical protection and corrosion resistance.

Pre-insulated pipes in a twin configuration (Twin Pipe) represent a
modern solution in which the supply and return pipes are integrated within a
single common PE-HD outer casing. The configuration includes two service
pipes simultaneously insulated with PUR foam, providing reduced heat losses,
improved mechanical stability, and the possibility of integrating leak
detection cables in modern monitoring systems

3.2 Use of advanced vacuum insulation panels

Vacuum insulation panels (VIP) operate based on the removal of the
gaseous medium from a porous core, typically composed of amorphous silica
or glass fiber, which is subsequently encapsulated in a multilayer metallized
envelope ensuring complete airtightness. The vacuum created inside almost
completely eliminates heat transfer by convection, while the microporous
structure of the core significantly limits thermal conduction.

A VIP panel consists of three main components:

 the insulating core, made of fumed silica, glass fiber, or ceramic
microparticles;
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« the multilayer envelope, composed of successive layers of
aluminum and polyethylene, ensuring gas tightness;

« the internal vacuum, which reduces the density of the medium and
limits the free movement of air molecules [23].

A newly manufactured VIP panel typically has an internal pressure of
approximately 1-3 mbar. At a pressure of 1 mbar, the thermal conductivity
reaches values of about 0.005-0.006 W/(m-K). As the pressure increases, the
thermal conductivity rises to approximately 0.008-0.009 W/(m-K) at 100
mbar and to 0.020-0.021 W/(m-K) at 1000 mbar, corresponding to
atmospheric pressure.

In cylindrical configurations, the insulation efficiency increases
progressively as the analyzed region approaches the axis of the pipe, a
phenomenon determined by the specific characteristics of radial heat transfer.
This physical aspect has led to the development of hybrid insulation solutions
in which materials such as vacuum insulation panels are placed in the
immediate vicinity of the service pipe, while the outer layers are made of
conventional rigid polyurethane foam (Fig. 1).

a) k) Return pipe

Polyurethane foam

Supply pipe

Carrier pipe
(Steel/Plastic) Vacuum insulation panel

Figure 1. Schematic concept of hybrid insulation:
a) single-pipe configuration, b) twin-pipe configuration

For the district heating system of Chisindu, VIP panels are particularly
suitable for secondary distribution networks and building connections, where
pipeline sections are relatively short and specific heat losses are high. The
main advantage lies in the reduction of thermal losses and the external
diameter of the pipeline, facilitating installation under sidewalks or within
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existing utility ducts. Moreover, maintaining a higher temperature at the end
of the branch connection allows the optimization of system operation and
reduces the need for overheating the heat carrier at the source.

3.3. Aerogel-based insulation materials technology

Aerogel is one of the most advanced thermal insulation materials
developed in recent decades. It is obtained through the supercritical drying of
a gel, usually silica-based, a process in which the liquid is replaced by air
without collapsing the porous structure. The result is an extremely lightweight
material with a porosity exceeding 90-95%, a density of 100-200 kg/m3, and
a very low thermal conductivity (0.013-0.018 W/m-K).

Solid heat
conduction B

Coupled heat transfer mode
Quasi lattice vibration

Figure 2. Typical structure of nanoporous insulation materials:
SEM image of silica aerogel

Its structure consists of a three-dimensional network of nanometric
silica particles, which generates the Knudsen effect: the movement of air
molecules is restricted within the pores, almost completely eliminating
convection and making heat transfer through the gas phase negligible [24].

3.4. Pipeline rehabilitation using trenchless technologies

Urban district heating networks in the Republic of Moldova,
particularly in Chisindu, exhibit an advanced level of aging and degradation
[25]. Traditional rehabilitation methods involve full excavation of the pipeline
route and complete pipe replacement. Although effective, this approach is
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costly, time-consuming, and has significant urban impact, including traffic
disruption, damage to existing infrastructure, and generation of construction
waste.

In this context, increasing attention during the last decade has been
directed toward trenchless rehabilitation technologies. These methods allow
interventions from inside the pipeline through cleaning, video inspection, and
the installation of internal liners or composite tubes, without the need for
extensive excavation of the pipeline route [26].

Rehabilitation by pipe insertion

This method consists of inserting a new pipe inside the existing one.
The main variants include:

+ Sliplining - where the new pipe is inserted without deformation

» Swagelining or U-liner - where the pipe is temporarily compressed

and later restored to its original shape through heating.

These methods are suitable for small and medium pipe diameters
(DN < 200 mm), typically used in secondary district heating networks with
heat carrier temperatures below 100 °C.

Rehabilitation by controlled replacement

This category includes pipe bursting and horizontal directional drilling
(HDD).

» Pipe bursting fractures the old pipeline while simultaneously
installing a new pipe, typically made of PE-HD or composite
materials.

« HDD allows the installation of a new pipeline without removing the
existing one and is particularly useful in areas with heavy traffic or
when crossing infrastructure obstacles.

These methods are suitable for large diameters (DN > 200 mm), long

pipeline sections, or installations at significant depths..

Internal rehabilitation (composite lining)
The most representative method is CIPP (Cured-In-Place Pipe), which

uses a textile liner impregnated with resin that is expanded and cured
thermally or by UV radiation, forming a continuous and sealed internal layer.
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High-temperature variants (CIPP-HT) can withstand temperatures of up to
130°C. The selection of the appropriate method depends on pipeline
condition, material, operating temperature, and installation environment. For
main pipelines (DN > 400 mm), controlled replacement methods are generally
preferred, whereas for secondary branches and service connections (DN 80—
150 mm), insertion or lining solutions tend to be more efficient from a techno-
economic perspective [27].

4. Implementation of solutions in the CT Vest district heating
networks

The Central Thermal Plant Vest (CT Vest), part of the district heating
system of Chisindu, supplies the western area of the city and was selected as
a case study based on technical and economic criteria, being representative
for the analysis of heat loss reduction in urban district heating networks.

The associated networks have a mixed structure, including both older
pipeline sections with traditional insulation and modernized segments,
allowing a comparative evaluation of the proposed solutions under real
operating conditions. The significant level of thermal energy losses confirms
the relevance of this analysis.
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Figure 3. Length of supply and return pipelines by diameter in the district heating networks
associated with CT Vest, study year 2024

The need to modernize the CT Vest networks is primarily determined
by the fact that a large portion of the pipelines were installed before the year
2000, according to technical standards that are outdated compared to current
requirements for efficiency, reliability, and durability.
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The insulation materials used at that time exhibit higher thermal
conductivity and lower resistance to moisture and thermal cycles, which over
time has led to degradation and increased energy losses. Even after local
repairs, the energy performance remains inferior compared to modern
insulation solutions. Moreover, these pipelines were not designed for current
operating regimes characterized by frequent load variations and increased
control requirements, which results in a higher risk of failures and heat carrier
losses.

Length of installed networks Thermal energy losses

O O

Figure 4. Ratio of pipeline lengths and heat losses for networks installed
before and after the year 2000 in the CT Vest district heating system

The comparative analysis of losses (Fig. 4) shows that networks
installed before 2000, although quantitatively smaller, account for the largest
share of total losses — approximately 16003.8 MWh out of 31066.2 MWhtn.

This situation requires systematic modernization through the
implementation of modern engineering solutions capable of ensuring a
sustainable reduction of energy losses.

Therefore, prioritizing the pipelines installed before the year 2000 is
essential for improving energy efficiency, reducing operating costs, and
aligning the system with current sustainability requirements. At the same
time, some of the pipelines installed after 2000 also require interventions,
either through insulation replacement or, in some cases, through complete
pipe replacement.

4.1. Implementation of solutions for reducing thermal
energy losses

The analysis is structured according to the types of solutions
considered: pre-insulated pipelines with polyurethane foam (PUR) in single
and twin configurations (Twin Pipe), pipelines with vacuum insulation panels
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(VIP) in single and twin configurations, aerogel-based insulation materials,
and rehabilitation using CIPP technology.

For each solution, the technical description, calculation parameters,
estimated thermal energy losses after implementation, and the reduction
achieved compared to the baseline scenario were determined.

Table 1. Percentage distribution of modernization works in the district heating networks

Partial renovation of pipelines and
Complete renovation of pipelines installed before the year 2000 insulation installed after the year
2000
DN Underground (without quick access) Above-ground (with quick access)
Aerogel Aerogel
PUR | PR L vip | V1P | cipp | Total [PUR|PVR | vip (insula?ion Total | PUR | PUR | vip (insula?ion Total
only) only)

25 | 30% | 40% 30% 100% | 40% | 50% 10% 100%
32 | 30% | 40% 30% 100% | 40% | 50% 10% 100%
40 | 30% | 40% | 20% | 10% 100% | 30% | 40% | 20% 10% 100% 20% | 20% | 10% 50%
50 | 20% | 50% | 30% 100% | 30% | 40% | 20% 10% 100% 20% | 20% | 10% 50%
70 | 30% | 50% | 20% 100% | 30% | 40% | 10% | 20% 100% 30% 20% 50%
80 | 30% | 50% | 20% 100% | 30% | 30% | 10% | 30% | 100% 30% 20% | 50%
100 | 40% | 30% | 10% 20% | 100% | 30% | 30% | 10% | 30% | 100% | 10% | 20% 20% | 50%
125| 70% | 10% 20% | 100% | 40% | 30% 30% | 100% | 20% 30% | 50%
150 | 70% | 10% 20% | 100% | 50% | 20% 30% | 100% | 20% 30% | 50%
200 | 80% 20% | 100% | 70% 30% | 100% | 20% 30% | 50%
250 | 80% 20% | 100% | 70% 30% | 100% | 20% 30% | 50%
300 | 80% 20% | 100% | 70% 30% | 100% | 20% 30% | 50%
400 | 80% 20% | 100% | 70% 30% | 100% | 20% 30% | 50%
500 | 100% 100% | 80% 20% | 100% | 20% 30% | 50%
600 | 100% 100% | 80% 20% | 100% | 20% 10% | 30%

Table 1 presents the percentage distribution of modernization
solutions for the district heating networks associated with CT Vest, depending
on the nominal diameter of the pipelines, their installation period, and
installation conditions (underground or above ground). The distribution of
solutions was determined based on technical analysis, taking into account the
energy performance of each technology, its optimal application range, and the
construction constraints specific to each type of network.

For pipelines installed before 2000, which are predominantly
underground and have degraded insulation, the main modernization solution
is complete replacement with PUR or PUR Twin pre-insulated pipes,
especially for small and medium diameters (DN 25-DN 100 mm), ensuring
reduced heat losses and improved reliability. For larger diameters, where
replacement costs become significant, the share of CIPP solutions increases,
being used for the rehabilitation of existing pipelines.
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In the case of above-ground pipelines, PUR and PUR Twin pre-
insulated pipes are generally preferred, complemented selectively with
aerogel-based insulation for connections and areas with limited installation
space, reducing heat losses without major structural interventions.

To determine the feasibility of the proposed solutions, it is necessary
to calculate the specific heat losses before and after intervention, as well as to
estimate the costs associated with replacement or rehabilitation using both
conventional methods and trenchless technologies.

Pre-insulated pipes with polyurethane foam — single system

Knowing the values of thermal energy losses and the lengths of the
pipelines before renovation, it is possible to determine the heat losses per
meter of pipeline length per heating season. This makes it possible to compare
the losses and to determine the advantages of implementing the district
heating network rehabilitation solution through the installation of PUR pre-
insulated pipelines.

The obtained results (Fig. 5) indicate a significant reduction in linear
thermal energy losses compared with the existing situation, particularly in the
case of network sections with severely degraded insulation, typically those
installed before the year 2000. Depending on the pipeline diameter, the
implementation of PUR pre-insulated pipes in a single configuration leads to
a reduction in linear heat losses of approximately 50-60% compared with the
existing situation.
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Figure 5. Thermal energy losses per meter of pipeline length installed directly in the
ground, before and after rehabilitation, per heating season (PUR)
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On an annual basis, the total thermal energy losses associated with
rehabilitated pipelines or pipelines replaced with PUR pre-insulated pipes are
considerably reduced, which results in an improvement in the energy
efficiency of the district heating networks associated with the CT Vest thermal
plant.

Pre-insulated pipes with polyurethane foam — twin pipe system

Based on the technical parameters specific to the Twin Pipe system
and the operating regime of the district heating networks associated with the
CT Vest thermal plant, the linear thermal energy losses were determined for
each analyzed nominal diameter.

0,35
0,30
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£ 0,25 network
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s 0,15 insulated
J 0,10 pipes

005 — e——aT O e——t—t—————" e PR TN
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0,00 system
32 40 50 65 80 100 125 150 200
DN

Figure 6. Thermal energy losses per meter of pipeline length installed directly in the
ground, before and after rehabilitation, per heating season (PUR Twin).

The comparative analysis (Fig. 6) shows that Twin Pipe systems
reduce linear heat losses by 70-80% compared with existing networks with
degraded insulation and by an additional 30-40% compared with single PUR
pre-insulated pipes.

These advantages result from:

» areduced external heat dissipation surface (common outer casing);

» a lower average temperature difference relative to the ambient
environment.

The Twin Pipe solution is particularly efficient in secondary networks,
areas with a high density of pipelines and consumer connections, contributing
to increased energy efficiency, reduced fuel consumption, and improved
sustainability of the district heating system.
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Pipelines with advanced VIP insulation — single and twin systems

Vacuum insulation panels (VIP) can be used in district heating
networks both in a single configuration (one pipeline) and in a twin system
(double). The difference lies in the geometry of the assembly and the thermal
interaction between the pipes; however, the principle remains the same:
reducing thermal conductivity and the heat dissipation surface.

For the evaluation, prefabricated flexible pipelines Uponor Ecoflex
VIP Thermo were selected, which are frequently used in district heating
networks in Northern Europe. Uponor, headquartered in Helsinki, is a major
manufacturer of flexible pre-insulated systems, with representatives in most
EU countries, including Romania.

Based on the technical parameters of the VIP and VIP Twin systems,
correlated with the operating regime of the CT Vest district heating networks,
the specific linear heat losses were determined for each nominal diameter.
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095 network
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s 0,15 insulated
N pipes
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=@ \/|P Twin
0,05 Pipe
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Figure 7. Thermal energy losses per meter of pipeline length installed directly in
the ground, before and after rehabilitation, per heating season (VIP).

Pipelines insulated with VIP panels achieve substantial reductions in
thermal losses: 60-80% compared with existing networks (with degraded
insulation), while the VIP Twin configuration provides an additional gain of
10-15% compared with the single VIP solution.

Due to their exceptional thermal performance, VIP solutions are ideal
for:

« short pipeline sections and secondary networks;

« areas with limited installation space;

« applications where maximum loss reduction is a priority.
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The main limitations are the high cost of the materials and the need for
strict mechanical protection, which requires selective application.

Thus, VIP systems (especially Twin) represent advanced solutions for the
energy optimization of the CT Vest district heating networks, recommended as a
targeted complement to conventional solutions rather than as a general
replacement.

Insulation of pipelines with aerogel-based materials

Aerogel is used in the form of flexible blankets or thin panels applied
directly on existing pipelines without replacement. It is ideal for rehabilitation
in confined spaces or areas where conventional interventions are difficult,
providing minimally invasive modernization and effective reduction of
thermal energy losses.

For the techno-economic analysis of thermal network insulation
rehabilitation, Pyrogel XTE/XTF (10 mm thickness) produced by Aspen
Aerogels, one of the global leaders in aerogel-based materials headquartered
in the United States, was selected.

In the context of the district heating networks associated with CT Vest,
the aerogel solution is analyzed as a selective measure, primarily
recommended for:

1. rehabilitation of existing pipelines with degraded insulation

(without replacement);

2. insulation of connections, elbows, valves, and valve chambers;

3. short pipeline sections in areas with limited space;

4. sensitive urban areas where excavation works are difficult.

This approach reduces thermal losses in critical points and for large
diameters where PUR or VIP solutions are less practical. Aerogel insulation
does not replace conventional solutions but complements them in a targeted
manner depending on construction and economic conditions.

Figura 8. Installation of Pyrogel
blankets on district heating pipelines
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Pyrogel blankets are installed by wrapping them in multiple layers
directly around the existing pipeline (Fig. 8). The number of layers is
determined depending on:

« the pipeline diameter;

« the thickness of each layer (typically 10 mm);

« the desired level of thermal loss reduction;

« spatial constraints at the installation site.

The total insulation thickness is selected as an optimal compromise
between thermal performance, available space, and cost. For the same thermal
effect, the required thickness using Pyrogel is approximately half that of PUR
pre-insulated insulation. To avoid thermal bridges, the joints are installed in a
staggered arrangement (both longitudinally and circumferentially), and each
layer is fixed using metal bands or dedicated fastening systems. This method
allows easy adaptation to complex geometries (elbows, connections, valves),
while maintaining high thermal insulation performance.

Based on the Pyrogel parameters and the operating regime of the CT
Vest thermal plant, the specific linear heat losses were calculated for each
nominal diameter of above-ground pipelines (Fig. 9).
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Figure 9. Thermal energy losses per meter of above-ground pipeline length, before
and after rehabilitation, per heating season

Rehabilitation of district heating pipelines using CIPP technology

Although CIPP (Cured-In-Place Pipe) technology is primarily used for
structural rehabilitation and sealing, the polymer liner with epoxy resin also
provides an additional thermal benefit. The continuous layer adds its own
thermal resistance, which is combined with that of the pipe wall and the
existing insulation (typically mineral wool), increasing the total thermal
resistance and reducing heat losses to the surrounding environment.
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In the calculation model, the thermal resistance of the CIPP layer was
included, determined based on the sleeve thickness and the thermal
conductivity of the polymerized epoxy resin.

This approach allows the evaluation of the real contribution of CIPP
to the reduction of linear heat losses, particularly in pipelines with degraded
insulation, without requiring the complete replacement of the existing system.
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Figura 10. Thermal energy losses per meter of pipeline length installed directly in
the ground, before and after rehabilitation, per heating season (CIPP).

CIPP technology is applied in the calculation model for underground
pipelines insulated with mineral wool, assuming degradation of the existing
insulation expressed as a 50% reduction in the initial thermal resistance,
resulting from aging and operating conditions. The results of the calculation
of linear thermal energy losses for pipelines rehabilitated using CIPP
technology are presented in Figure 10.

Results of implementation

Following the technical analysis of the implementation of the
proposed solutions and the reduction of thermal energy losses in the district
heating networks associated with CT Vest, the result was a total loss reduction
of 11511.63 MWh for each heating season (estimated at 4000 hours).

The annual reductions in thermal energy losses are distributed as
follows:

* -6672.72 MWhy — complete rehabilitation of underground

pipelines installed before 2000;
» -3584.40 MWhw — complete rehabilitation of above-ground
pipelines installed before 2000;
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« -125451 MWhy, — partial rehabilitation of above-ground
pipelines installed after 2000.

The obtained results confirm that the largest thermal energy savings
are achieved through the rehabilitation of pipelines installed before the year
2000, especially those located underground, where insulation degradation and
initial heat losses are the most significant.

Knowing the total thermal energy delivered to the network in 2024,
166860.2 MWhi, and the total network losses of 31066.2 MWhm, the
following estimates can be made:

1. Thermal energy losses in the network were reduced by 37.1%,

from 31066.2 MWhth to 19555.5 MWhth;

2. The share of thermal energy losses in the network relative to the

total thermal energy delivered decreased from 18.6% to 11.7%.

The obtained value of thermal energy losses in the network, 11.7%,
falls within the reference range of 10-12%, which is considered
representative for modern and efficient district heating networks in the
European Union. This result confirms that the implementation of the
proposed solutions makes it possible to bring the district heating networks
associated with CT Vest to an energy performance level comparable to
European best practices.

4.2. Techno-economic analysis and environmental impact
assessment

Determination of material costs

The evaluation of the techno-economic feasibility of modernizing the
district heating networks associated with CT Vest begins with the precise
determination of investment costs, which represent a major component of
capital expenditures and a decisive factor for the payback period, net present
value, and overall economic sustainability.

Material costs were calculated for the following construction
solutions: PUR pre-insulated pipelines (single and Twin), pipelines with VIP
insulation (single and Twin), additional aerogel-based insulation (Pyrogel),
and rehabilitation using CIPP technology.

Unit costs (MDL per linear meter) were determined in a differentiated
manner depending on the nominal diameter of the pipelines, the type of
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construction solution, and the specific field of application (underground/above-
ground, full or partial rehabilitation, trenchless methods).

To ensure a high level of realism, the unit material costs were obtained
from current commercial offers, manufacturers’ price lists, and specialized
sources, adapted to the local implementation conditions in the CT Vest district
heating networks:

1. PUR and PUR Twin — Price offer dated 10.12.2025, S.C.

ISOPLUS ROMANIA S.R.L., Oradea.
2. VIP and VIP Twin — Uponor Ecoflex price offer dated
18.11.2025, Uponor Romania, Bucharest.

3. Pyrogel XTE/XTF blankets (10 mm) - Average price,

manufacturer Aspen Aerogels, USA.

4. CIPP technology — Rehabilitation contract.

The costs are expressed in MDL per linear meter of pipeline (or per
unit for accessories/equipment) and serve as the basis for calculating total
investment costs.

Determination of construction costs

The determination of the construction costs for the modernization of
the district heating networks associated with CT Vest was carried out by
estimating the unit execution costs (MDL/m), differentiated according to the
installation method of the pipelines (underground/above-ground) and the
intervention method used.

Cost savings compared to conventional excavation and installation
works::

 Controlled pipe bursting — 35%;

 Horizontal directional drilling (HDD) — 40%;

 Twin pipe installation — 30%.

In the analysis, the total renovation cost was considered as the sum of
material costs (pipelines/insulation), auxiliary costs (components and
consumables), transportation expenses, and the direct costs of installation
works.

Installation works represent the dominant cost component: 60%
(single system) and 42% (twin system) for conventional excavation.
Trenchless methods (pipe bursting and horizontal directional drilling) reduce
their share to 25-39%, highlighting their economic and technical advantages
in densely populated urban areas.
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Table 2. Percentage distribution of total costs
for underground installation of PUR pipelines

Pine Other Installation works
Method P Transport Single Twin
cost components
system system

Excavation 30% 5% 5% 60% 42%
(standard)
Controlled pipe 0 0 0 0 0
bursting 30% 5% 5% 39% 27%
Horizontal
directional 30% 5% 5% 36% 25%
drilling

Table 3 presents the percentage distribution of underground
rehabilitation methods differentiated by nominal diameters. Costs increase
significantly with the increase in pipeline diameter due to the larger volume
of materials and the greater complexity of execution. VIP and VIP Twin
solutions have the highest total costs, determined by the price of advanced
insulation and the complexity of installation. In contrast, single PUR and PUR
Twin solutions provide a balanced cost—performance ratio for most of the
analyzed diameters. CIPP technology is particularly competitive for medium
and large diameters, where complete pipeline replacement is not technically
or economically justified.

Table 3. Percentage distribution of underground rehabilitation methods

DN, mm 25 | 32 | 40 | 50 | 65 | 80 | 100 | 125 | 150 | 200 | 250 | 300 | 400 | 500 | 600

Pipeline length | m | 144 | 386 | 962 | 9541 | 7843 | 7619 | 6105 | 2598 | 4019 | 2952 | 1268 | 2873 | 1713 | 4540 | 557

B | Excavation | % |100%| 100% | 100%|100%| 100%| 70% | 50% | 50% | 50% | 50% | 30% | 30% | 30% | 70% | 70%
= -

; Bu”r'sﬁfng % 30% | 30% | 30% | 30% | 30% | 30% | 30% | 20%

2 | Horizontal

£ | directional | % 20% | 20% | 30% | 30% | 30%
2 drilling

=

e cre | % 20% | 20% | 20% | 20% | 20% | 20% | 20%

These differences highlight the importance of a targeted selection of
solutions, adapted to the pipeline diameter, the level of specific heat losses,
and the actual budgetary constraints of the CT Vest district heating networks.

Table 4 presents the percentage structure of total costs related to the
rehabilitation of above-ground pipelines for two distinct scenarios: complete
pipeline replacement and insulation replacement.
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Table 4. Percentage distribution of total costs for above-ground installation
of pipelines
Pipe / Other Installation works
Measure insulation Transport Single Twin
components
cost system system
Pipeline
P 55% 5% 5% 35% 25%
replacement
Insulation
60% 5% 5% 30% -
replacement
Table 5. Percentage distribution of above-ground rehabilitation methods
DN, mm 32 | 40 | 50 | 65 | 80 | 100 | 125 | 150 | 200 | 250 | 300 | 400 | 500 | 600
Pl'epr%'tﬁe m | 65 | 829 |5361 6478|6316 | 5494 | 2021 | 3377 | 1923 | 1068 | 2175 | 816 | 5169 | 836
Pipeline o, | 9006 | 9096 | 90% | 80% | 78% | 7% | 70% | 70% | 70% | 70% | 70% | 70% | 75% | 90%
replacement
Insulation | .\ 4005 | 1006 | 109 | 20% | 22% | 23% | 30% | 30% | 30% | 30% | 30% | 30% | 25% | 10%
replacement

Table 5 presents the total renovation costs for above-ground pipelines,
including both the scenarios of complete pipeline replacement and
rehabilitation through insulation replacement.

Following the economic analysis of the implementation of thermal
energy loss reduction solutions in the district heating networks associated with
CT Vest, the required total investment was estimated at 365.86 million MDL.

The economic analysis of the modernization project of the district
heating networks associated with CT Vest aims to evaluate the long-term
feasibility of the investment by comparing the total implementation costs with
the economic benefits generated by the reduction of thermal energy losses. The
evaluation was carried out using a calculation model developed in Microsoft
Excel, based on the technical and economic data determined previously.

For the economic analysis of the modernization of the district heating
networks associated with CT Vest, prudent and representative assumptions
for district heating infrastructure investments were adopted:

« Study period: 25 years (service life of the analyzed solutions:
PUR/PUR Twin and CIPP — 3040 years; VIP/VIP Twin and aerogel — 25—
30 years).

» Implementation period: 5 years, with a uniform distribution of
annual investments.
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» Total investment: 365.86 million MDL — equivalent average
annual investment: 73.17 million MDL.

« Discount rate: 5% per year.

» Annual degradation rate of savings: 0.5% per year.

» Annual growth rate of thermal energy price: 0.9% per year.

 Reference tariff for thermal energy: 2151 MDL/MWhtn.

« Annual reduction of losses: 11511.6 MWhw/year.

The distribution of the investment over 5 years was treated by using
the average annual investment as an equivalent initial value in the financial
cash-flow calculations, ensuring a realistic and conservative evaluation of the
economic indicators.
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Figure 11. Evolution of the NPV depending on the project year

The positive value of the Net Present Value (NPV) confirms the long-
term economic feasibility of the project under the adopted assumptions.
Although the investment payback period is relatively long, approximately 22
years, this behavior is typical for district heating infrastructure modernization
projects, where the main objectives are improving energy efficiency, reducing
heat losses, and ensuring system reliability.

The economic analysis of the modernization of the CT Vest district
heating networks shows that the investment is feasible in the long term under
the adopted prudent assumptions. The positive Net Present Value confirms
that the savings obtained through the reduction of heat losses exceed the total
discounted costs.

The gradual recovery of the investment, with the break-even point
reached around year 21, is typical for infrastructure projects, where the main



Constructive solutions for thermal energy transport and distribution 131

objective is long-term efficiency and reliability rather than rapid profit. The
analysis does not include important indirect benefits such as reduced
maintenance costs, fewer failures and heat carrier losses, increased
operational safety, and reduced greenhouse gas emissions.

Environmental impact assessment

The modernization of thermal energy transport and distribution
networks brings important environmental benefits: reduced energy losses,
limited invasive interventions in the urban environment, and decreased
greenhouse gas emissions.

Modern insulation systems. The use of next-generation polyurethane
foam, aerogel-based materials, and VIP panels significantly reduces thermal
conductivity compared with degraded insulation, thereby decreasing linear
heat losses. As a result, the required heat production in natural gas-fired plants
decreases, reducing fuel consumption and emissions. At the same time, the
service life of pipelines increases to 30-50 years, reducing the consumption
of raw materials and the volume of waste in line with the principles of the
circular economy.

Trenchless technologies. Rehabilitation through CIPP, sliplining, pipe
bursting, or horizontal directional drilling reduces the impact compared with
open excavation: less soil excavation, lower indirect emissions, reduced noise,
and protection of green spaces and existing infrastructure.

The reduction of CO: emissions results directly from the decrease in
thermal energy losses in the network. Initial losses, estimated at 31066.2
MWhtn (18.6%), are reduced after modernization to 19555.5 MWh (11.7%).
The difference equivalent to 11519 MWhw/year, represents the annual energy
savings.

Considering an average heat production efficiency of n = 0.92, the
avoided fuel energy amounts to approximately 12521 MWh of natural gas per
year. Applying an emission factor of 0.202 t CO2/MWh, the estimated annual
reduction is about 2529 tonnes of CO.. The equivalent economic value (at 80
€/t COy) is approximately 202320 €/year, representing a potential benefit that
is currently not monetized in the Republic of Moldova

5. Conclusion

District heating systems represent a strategic component of the urban
infrastructure in the Republic of Moldova, essential for energy efficiency,
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security, and environmental protection. However, their performance is
significantly affected by aging thermal networks characterized by high losses,
frequent failures, and elevated operating costs.

The analysis of the CT Vest area shows that the highest losses occur
in large-diameter pipelines with degraded insulation (installed before 2000),
requiring targeted modernization prioritized according to energy and
economic impact.

Modern solutions such as PUR pipelines (single and Twin), VIP
systems (single and Twin), aerogel insulation, and CIPP technology
significantly reduce linear heat losses, stabilize operating regimes, and
increase system reliability. PUR Twin provides the best cost—benefit ratio for
large-scale implementation, while VIP and aerogel perform best in selective
applications (short sections, confined spaces), and CIPP is effective for
rehabilitation without complete pipeline replacement.

The techno-economic analysis confirms the feasibility of the
investments: reducing losses decreases fuel consumption, operating costs, and
tariffs, with reasonable payback periods. Indirect benefits (fewer failures,
reduced maintenance, improved operational safety) together with emission
reductions (approximately 2529 t CO2/year in the CT Vest area) further
increase the value of the project.

The modernization of thermal energy transport and distribution
systems is a priority for district heating systems in the Republic of Moldova.
The targeted implementation of modern construction solutions, supported by
technical and economic justification, can transform these systems into
efficient, reliable, and sustainable infrastructures, reducing losses, emissions,
and costs for the benefit of both consumers and the environment.

REFERENCES

[1] Directiva 2012/27/UE a Parlamentului European si a Consiliului din 25 octombrie 2012
privind eficienta energetica, de modificare a Directivelor 2009/125/CE si 2010/30/UE
si de abrogare a Directivelor 2004/8/CE si 2006/32/CE (Directive 2012/27/EU of the
European Parliament and of the Council on energy efficiency). https://eur-
lex.europa.eu/legal-content/RO/ALL/?uri=celex:32012L.0027

[2] Rezolutia Parlamentului European din 13 septembrie 2016 referitoare la o strategie a
UE pentru incilzire si racire (European Parliament Resolution on an EU strategy for
heating and cooling). https://www.europarl.europa.eu/doceo/document/TA-8-2016-
0334 _RO.html

[3] Directiva (UE) 2023/1791 a Parlamentului European si a Consiliului din 13 septembrie
2023 privind eficienta energeticd si de modificare a Regulamentului (UE) 2023/955
(Directive (EU) 2023/1791 on energy efficiency). https://eur-lex.europa.eu/legal-
content/RO/ALL/?uri=CELEX:32023L1791



https://eur-lex.europa.eu/legal-content/RO/ALL/?uri=celex:32012L0027
https://eur-lex.europa.eu/legal-content/RO/ALL/?uri=celex:32012L0027
https://www.europarl.europa.eu/doceo/document/TA-8-2016-0334_RO.html
https://www.europarl.europa.eu/doceo/document/TA-8-2016-0334_RO.html
https://eur-lex.europa.eu/legal-content/RO/ALL/?uri=CELEX:32023L1791
https://eur-lex.europa.eu/legal-content/RO/ALL/?uri=CELEX:32023L1791

Constructive solutions for thermal energy transport and distribution 133

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Rapoarte de monitorizare, Agentia Nationald pentru Reglementare in Energetica
(Monitoring Reports of the National Agency for Energy Regulation),
https://anre.md/rapoarte-de-monitorizare-3-95

Raportul privind activitatea Agentiei Nationale pentru Reglementare in Energetica in
anul 2024 (Activity Report of the National Agency for Energy Regulation for 2024),
https://anre.md/raport-de-activitate-3-10

Mihail Cernei, Vasile Leu, Inesa Bruma. Cogenerarea si incalzirea centralizata in
Republica Moldova. Forumul Regional al Energiei din Europa Centrald si de Est —
FOREN 2018, cu tema ,,Central And Eastern Europe in The New Era of Energy
Transition: Challenges, Investment Opportunity and Technological Innovations™, 10 — 14
iunie 2018, Costinesti, Roménia. Energy. Environment. Efficiency. Resources.
Globalization. EMERG-7, 2018, publicatie semestriald editata de AGIR si CNR-CME,
pag. 51-59. https://emerg.ro/wp-content/uploads/2019/03/EMERG-7-Cogenerarea-
%C8%99i-%C3%AENc%C4%83lzirea-centralizat¥%C4%83-%C3%AEN-Republica-
Moldova.pdf

Mihail Cernei, Vasile Leu. Sisteme de alimentare centralizata cu energie termicd in
Republica Moldova. pag. 398-406. In cartea Centenarul energeticii Roménesti.
Manifestari omagiale. Vaida Victor (coordonator). Asociatia Generala a Inginerilor din
Romania. Societatea Inginerilor Energeticieni din Romania. Editura AGIR, Romania,
2019, pag. 564. ISBN 978-973-720-762-3. https://www.agir.ro/carte/centenarul-
energeticii-romanesti-manifestari-omagiale-123406.html

Efremov Cristina, Leu Vasile, Sanduleac Mihai. Increasing system flexibility through
a combination of pumped-hydro and battery-storage systems. Preliminary case study
for Republic of Moldova. In: 2021 International Conference on Electromechanical and
Energy  Systems (SIELMEN), 2021. pp. 237-242. Disponibil:  doi:
10.1109/SIELMEN53755.2021.9600386.
https://ieeexplore.ieee.org/document/9600386

Valentin Arion, Viorica Hlusov, Mihai Sanduleac, Vasile Leu, Constantin Borosan.
Evaluation of the optimal solar fraction for a district heating system. EMERG. Volume
VIII, lssue 4/2022, pp 71 — 92, DOI: 10.37410/EMERG.2022.4.01. ISSN 2668-
7003. https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-
heating-system/

Efremov Cristina, Cernei Mihai, Leu Vasile. Sustainable energy transition roadmap to
2050 for Republic of Moldova”. In: Quarterly publication of Romanian National
Committee of World Energy Council (WEC/RNC) and The General Association of
Engineers in Romania (AGIR) — EMERG 10 (Energy, Environment, Efficiency,
Resources, Globalization, Volume VIII). ISSN 2668-7003, ISSN-L2457-5011, Volume
VI, Issue 3/2022. pp. 11 — 25. Disponibil: https://emerg.ro/wp-
content/uploads/2022/10/1-SUSTAINABLE-ENERGY-TRANSITION-ROADMAP-
T0O-2050-FOR-REPUBLIC-OF-MOLDOVA.pdf

Valentin Arion, Viorica Hlusov, Vasile Leu, Republic of Moldova: Assessment of
energy poverty. JOURNAL OF ENGINEERING SCIENCE, 30(1), 85-98. pISSN
2587-3474, eISNN 2587-3482 https://doi.org/10.52326/jes.utm.2023.30(1).07
Valentin Arion, Viorica Hlusov, Mihai Sanduleac, Vasile Leu, Constantin Borosan.
Evaluation of the optimal solar fraction for a district heating system. EMERG. Volume
VI, Issue 4/2022, pp 71 — 92, DOI: 10.37410/EMERG.2022.4.01. ISSN 2668-



https://anre.md/rapoarte-de-monitorizare-3-95
https://anre.md/raport-de-activitate-3-10
https://emerg.ro/wp-content/uploads/2019/03/EMERG-7-Cogenerarea-%C8%99i-%C3%AEnc%C4%83lzirea-centralizat%C4%83-%C3%AEn-Republica-Moldova.pdf
https://emerg.ro/wp-content/uploads/2019/03/EMERG-7-Cogenerarea-%C8%99i-%C3%AEnc%C4%83lzirea-centralizat%C4%83-%C3%AEn-Republica-Moldova.pdf
https://emerg.ro/wp-content/uploads/2019/03/EMERG-7-Cogenerarea-%C8%99i-%C3%AEnc%C4%83lzirea-centralizat%C4%83-%C3%AEn-Republica-Moldova.pdf
https://www.agir.ro/carte/centenarul-energeticii-romanesti-manifestari-omagiale-123406.html
https://www.agir.ro/carte/centenarul-energeticii-romanesti-manifestari-omagiale-123406.html
https://ieeexplore.ieee.org/document/9600386
https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-heating-system/
https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-heating-system/
https://emerg.ro/wp-content/uploads/2022/10/1-SUSTAINABLE-ENERGY-TRANSITION-ROADMAP-TO-2050-FOR-REPUBLIC-OF-MOLDOVA.pdf
https://emerg.ro/wp-content/uploads/2022/10/1-SUSTAINABLE-ENERGY-TRANSITION-ROADMAP-TO-2050-FOR-REPUBLIC-OF-MOLDOVA.pdf
https://emerg.ro/wp-content/uploads/2022/10/1-SUSTAINABLE-ENERGY-TRANSITION-ROADMAP-TO-2050-FOR-REPUBLIC-OF-MOLDOVA.pdf
https://doi.org/10.52326/jes.utm.2023.30(1).07

134

Sergiu Novenco, Vasile Leu, Vera Gutul

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]
[25]

[26]

[27]

7003. https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-
heating-system/

Leu Vasile, Cernei Mihail. Centralized district heating systems: Reality and
perspectives. 11" International conference on electromechanical and power systems
(SIELMEN). 11 October, lasi, Romania/12-13 October, Chisinau, Republic Moldova,
2017, pag. 571-574 DOI: https://doi.org/10.1109/SIELMEN.2017.8123389.

Mihail Cernei, Vasile Leu. Infrastructura surselor ale sistemului de alimentare
centralizatd cu energie termicd din municipiul Chisindu (Infrastructure of district
heating supply sources in Chisindu). Pag. 4-6. Mesagerul Energetic, anul XII, nr.133,
noiembrie 2012.

Mihail Cernei, Vasile Leu. Solutii de modernizare a sistemului de alimentare
centralizatd cu energie termica a municipiului Chisindu (Modernization solutions for
the district heating system of Chisindu). Pag. 7-12. Mesagerul Energetic, anul XII,
nr.134, decembrie 2012.

EN 253, District heating pipes - Preinsulated bonded pipe systems for directly buried
hot water networks - Pipe assembly of steel service pipe, polyurethane thermal
insulation and outer casing of polyethylene.

EN 448, District heating pipes — Preinsulated bonded pipe systems for directly buried
hot water networks — Fitting assemblies of steel service pipes, polyurethane thermal
insulation and outer casing of polyethylene.

EN 488, District heating pipes — Preinsulated bonded pipe systems for directly buried
hot water networks — Steel valve assembly for steel service pipes, polyurethane thermal
insulation and outer casing of polyethylene.

EN 489, District heating pipes — Preinsulated bonded pipe systems for directly buried
hot water networks — Joint assembly for steel service pipes, polyurethane thermal
insulation and outer casing of polyethylene.

EN 13941, Design and installation of preinsulated bonded pipe systems for district
heating.

EN 14419, District heating pipes — Preinsulated bonded pipe systems for directly buried
hot water networks — Surveillance systems.

EN 15698-1, District heating pipes — Preinsulated bonded twin pipe systems for directly
buried hot water networks — Part 1: Twin pipe assembly of steel service pipe,
polyurethane thermal insulation and outer casing of polyethylene.

Johansson, P.; Bagge, H.; Hagentoft, C.-E. Long-term thermal performance of vacuum
insulation panels in district heating pipes. Energies, 2014, vol. 7(11), p. 6878-6895.
https://doi.org/10.3390/en7116878.

Lou, Feihong s.a. Thermal Insulation Performance of Aerogel Nano-Porous Materials.
Gels, 2023, vol. 9, nr. 3, art. 220. https://doi.org/10.3390/gels9030220

Informatii tehnice SA ,,Termoelectrica” (Technical information of Termoelectrica SA).
https://termoelectrica.md/informatii-generale/informatii-tehnice/

TEXHOJIOTMHM GectpaHiieiiHOW MPOKIAAKK W BOCCTAHOBJICHHUS TPYOOIPOBOIOB.
(Technologies for pipeline rehabilitation) tehnic material,
https://elar.urfu.ru/bitstream/10995/119923/1/978-5-7996-3530-5_2022.pdf
NORDITUBE TECHNOLOGIES SE. Products — CIPP, PIPP, Close-Fit and spiral-
wound rehabilitation systems. https://www.norditube.com



https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-heating-system/
https://emerg.ro/files/evaluation-of-the-optimal-solar-fraction-for-a-district-heating-system/
http://ieeexplore.ieee.org/document/8123389/
http://ieeexplore.ieee.org/document/8123389/
https://doi.org/10.1109/SIELMEN.2017.8123389
https://doi.org/10.3390/en7116878
https://doi.org/10.3390/gels9030220
https://termoelectrica.md/informatii-generale/informatii-tehnice/
https://elar.urfu.ru/bitstream/10995/119923/1/978-5-7996-3530-5_2022.pdf
https://www.norditube.com/

Constructive solutions for thermal energy transport and distribution 135

Acknowledgements

The authors express their gratitude to Termoelectrica S.A. for providing access to the
technical data and operational information used in the case study regarding the networks
associated with the Central Thermal Plant Vest. The authors also acknowledge the
Technical University of Moldova for the academic and scientific support that contributed
to the methodological foundation of this research.

Authors' biographies

Sergiu NOVENCO, metrology engineer, Master’s degree in Energy
and Environment, Faculty of Power Engineering and Electrical
Engineering, Technical University of Moldova. Research interests
include optimization of district heating network performance, modeling
of thermal energy losses, techno-economic analysis of investments in
district heating infrastructure, and environmental impact assessment of
thermal energy systems.

E-mail: sergiu.novenco@en.utm.md

Vasile LEU, Associate Professor, PhD Eng., Department of Heat,
- Water, Gas Supply and Environmental Protection, Faculty of Urbanism
and Architecture, and Department of Power Engineering, Faculty of
Power Engineering and Electrical Engineering, Technical University of
Moldova. Research interests include purification of mechanical
impurities in dielectric liquids using electric fields, as well as studies
| related to thermal energy and natural gas systems.

E-mail: vasile.leu@acagpm.utm.md

Gutul Vera Grigore, Associate Professor, PhD, Department of Heat,
Water, Gas Supply and Environmental Protection, Faculty of
Urbanism and Architecture, Technical University of Moldova.
Research interests include ventilation and air-conditioning systems,
thermal energy systems, and energy efficiency.

E-mail: vera.qutul@acagpm.utm.md



mailto:sergiu.novenco@en.utm.md
mailto:vasile.leu@acagpm.utm.md
mailto:vera.gutul@acagpm.utm.md

