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ABSTRACT

The issues of using ozone technologies for wastewater treatment are considered. The
analysis of wastewater of complex composition from organic, chlororganic, organometallic
compounds were carried out. The general scheme of water treatment is presented.

The developed ozone-flotation wastewater treatment technology and the switching power
supply of ozonize is described, which allows increasing the specific ozone yield at lower power
consumption.

Keywords: ecology, chlorination, toxicity, ozone technologies, disinfection, sewage,
purification, ozone-air mixture, water treatment, flocculants, corona discharge, ozonization.

1. INTRODUCTION

Development of production activities in the energy sector, exploration of outer space,
exploration and exploitation of large oil fields, creation of mining and processing and
metallurgical industries, intensification of agricultural production and many others lead to an
inevitable and significant deterioration of the ecological situation in the territory of the Republic
of Kazakhstan.

The current state of affairs requires a new approach to epidemiological security and, in
particular, stimulates work to improve the old, create and introduce new technologies for water
purification and disinfection.

The real practical technologies that have been tested on existing large-scale water
purification facilities are chlorination and ozonization.

One of the main reasons why the applicability of the traditional method of disinfection
with chlorine is now being questioned is the formation of chlorine-organic compounds in water
under the influence of chlorine.

Organochlorine compounds according to numerous studies in relation to humans have
high toxicity, mutagenicity and carcinogenicity. Chlorination of wastewater before discharging
into water bodies leads to the fact that chlorine derivatives and residual chlorine, falling into
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natural water bodies, have a negative effect on various aquatic organisms, causing them to have
serious physiological changes and even their death. In addition, organochlorine compounds are
also pollutants of drinking water, because, having high resistance, cause pollution of rivers at
considerable distances downstream, practically not being removed during the water treatment.

One of the most effective ways to solve the problem of disinfection of sewage with a
complex composition is the use of environmentally friendly, non-reagent methods, such as
ozonation, flotation, as well as the use of alternative types of impact on cleaned objects.

When disinfecting sewage, the use of combined and new electron-ion technologies is
most effective, the use of corona discharge to produce ozone and water-air ejectors for the non-
pressure introduction of the ozone-air mixture into the ozonized fluid flow.

The ability of many impurities in the aqueous medium to change its phase-dispersion
state under the influence of physical and chemical factors (pH, salt composition, temperature,
etc.) makes it possible to vary widely the methods and methods of regulating water treatment
processes [1].

When disinfecting sewage, the use of combined and new electron-ion technologies is
most effective, the use of corona discharge to produce ozone and water-air ejectors for the non-
pressure introduction of the ozone-air mixture into the ozonized fluid flow.

The ability of many impurities in the aqueous medium to change its phase-dispersion
state under the influence of physical and chemical factors (pH, salt composition, temperature,
etc.) makes it possible to vary widely the methods and methods of regulating water treatment
processes.

The basis of purification methods is oxidation, coagulation.

The purification technique consists in binding the ions to be eliminated in poorly soluble
and slightly dissociated compounds by means of reagents, where the importance of the product
of the solubility of the compounds formed is important.

When choosing the technological parameters of water treatment schemes, it is necessary
to determine the main elements of treatment plants, taking into account the individual
characteristics and composition of impurities of natural waters and industrial effluents [2].

An example is a reagent preparation unit and introducing them into the volume of the
treated solution, in which the higher the mass transfer rate in the ragent-worked solution system,
the lower the reagent consumption and the higher the quality of the resulting precipitate with the
high rate of the phase separation process.

2. EXPERIMENTAL STUDY

It is necessary to take into account the conditions of the course of chemical reactions,
since in reaction spaces of small and large sizes, flowing and stationary systems, the processes
can be quite different, and the simple increase in the magnitude of factors cannot be transferred
from laboratory studies to industrial design. An example of the influence of the reaction space
can serve as sedimentation processes of aggregated precipitation or optokinetic coagulation.
Here, even in a stationary medium, the rate of precipitation of the slurry is a function of the
thickness of the slurry layer in which the slurry precipitates. The influence of the diffusion
factors of the turbulence of the flows, the conditions of heat removal on the speed and nature of
the chemical and physical-chemical processes in the course of water treatment are currently
poorly understood, despite their importance in the modeling of technical processes.

Figure 1 shows the general equipment scheme of water treatment.
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Fig. 1. Equipment diagram of water treatment

When analyzing the trends in the development of water treatment technologies, there is, a
clear tendency to create complex schemes based on several processes that ensure the removal of
the entire amount of harmful impurities from water.

Figure 2 is a schematic diagram of the wastewater treatment technology to the required
conditions using an ozone-air mixture [3].

3. RESULTS AND DISCUSIONS

When developing a technological scheme for processing waters of different composition,
it is necessary to take into account the shortcomings inherent in each of the methods.

Complication of the surface water composition requires the abandonment of chlorine, as
the main oxidant and disinfectant, especially in the agricultural regions and areas where the oil
and gas production and chemical industries are located.

When interacting with organic substances (Figure 3), chlorine and ozone interact
differently. The formation of organochlorine compounds, which are toxicogens, carcinogens and
mutagens, already worsen the critical situation with drinking water.

The use of chlorination of sewage fecal waters leads to the formation of chloramine,
which has a low antibacterial activity, but high resistance, killing and depressing the vital
activity of the biological diversity of the water and near-water space. The effect of ozone and
chlorine on the pathogenic microflora is different.
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Fig. 2. Principal flow chart for wastewater treatment

entered into the register of the State Standard of the Republic of Kazakhstan [4].
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Fig. 3. Reactions of the interaction of chlorine and ozone with organic substances on the
example of toxic phenol (a) and ozone with humic substances (b)

In sewage treatment technologies containing a significant amount of organic substances
in the form of petroleum products, we have developed a purification technology using the
rupture of the continuity (homogeneity) of the aquatic medium with ozone-air mixture bubbles
[4, 5].

The essence of this method is that the ejector-dispersant, based on the use of the element
of the "Schott filter" type, saturates the water with the smallest bubbles and makes the solution
inhomogeneous, which is in a turbulent state. This causes cavitation phenomena, shock waves in
the volume of the treated solution.

The sum of these impacts releases a significant amount of energy contained in substances
in solution, far exceeding the exerted forces, leading to a synergistic effect [6-8].

This allows the ozone-air mixture to instantly penetrate into the entire volume of the
solution, which increases the ozone's useful utilization rate to 95-100%.

4. CONCLUSIONS

In practice, to purify natural and wastewater from mechanical and colloidal suspensions,
aluminum or iron sulfates are used as coagulants. According to modern ideas, the process of
coagulation is as follows: when they are added to the system during the first 30-180 sec,
hydrolysis occurs, resulting in the appearance of large cations such as [AI(OH)2]*, [AI(OH)]** or
[Fe(OH),]*, [Fe(OH)]**, which have a large adsorption potential, and adsorbed on the surface of
negatively charged particles reduce the charge and dispersion potential, and lead to coarsening of
the particles.

To eliminate these drawbacks and more complete removal of mechanical and colloidal
suspensions from drinking and waste water, flocculants are used together with coagulants.

Flocculants are substances of organic origin, which have a diphylic structure, i.e. contain
simultaneously polar and non-polar groups and are readily soluble in water. Flocculants,
depending on the application, are low-molecular, high-molecular, cationic, anionic, nonionic and
amphoteric [9].

The principle of the flocculant is as follows: when a certain amount of it is added to the
system, it can be adsorbed on the surface of the dispersions, forming so-called bridges between
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adsorbed particles, and forming the ions consisting of several particles fixed by the
macromolecules of the flocculant.

A new approach to managing the purification of various waters from fine particles,
proposed by us, consists in using associates of water-soluble polymers with low and high-
molecular compounds [10]. In this case, the association of ions of surface active substances with
polyelectrolyte occurs not only on the surface of colloidal particles, but also in the regions of
macromolecules located between the aggregated particles of the disperse phase in the form of
bridges.
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ABSTRACT

The efficient use of cogeneration energy systems in Romania depends on the heat demand
variations and on the restrictions imposed by the related legislation. The paper presents a comparison
between two different solutions for the useful use of the recovered heat losses of a combined heat and
power plant, during the summer periods. The authors have performed a technical-economic analysis of
implementation of a trigeneration system dedicated to supply: a) a part of an University Campus and b)
a group of new buildings built near the plant. The results obtained from the calculation revealed that
for this specific case, the best solution to increase the power plant performances, is to generate, from the
recovered heat, cold water and to use it for space air conditioning in the residential buildings.

1. INTRODUCTION

The important role of cogeneration has been recognized at the European Union level
through dedicated Directives that support and promote the use of combined heat and power
(CHP) technologies in all sectors [1], [2]. At the present, cogeneration represents one of the
most efficient solution for rational utilization of fuel, its use leading to reduction of fossil fuels
consumption and diminuation of greenhouse gases emissions [3]. A very important problem
that cogeneration facilities face is that many energy consumers have large variations in energy
consumption [4]. In Romania, CHP benefits of a support scheme that foresees an amount of
mony (Bonus in €/ MWh) for each unit of produced and sold electricity. To receive this subsidy,
a producer must cumulatively meet several mandatory conditions: a) the sizing of the CHP is
made so that the heat recovered from the power generating equipment ensures the coverage of
a useful heat load; b) the plant has to realise a fuel saving of at least 10%, in comparison to the
separate production and c) the overall efficiency must be greater than 75% [1], [5]. If the three
conditions are not met, there will be no bonus and therefore economic operation of the plant
will be seriously affected.

In this paper the authors analyzed the possibility to increasing the efficiency of a CHP plant
through a better utilization of available heat during summer time for cooling supply of two
possible existing consumers: the University it self or the new residential neighborhood.

2. CASE STUDY

The analyzed facility refers to a Combined Heat and Power Plant built to supply with
power and heat the University’s Politehnica of Bucharest Campus. The University’s
cogeneration power plant is equipped with two reciprocating engines using natural gas.
Together, the two engines generate 1.6 MW, of electricity. The power which exceeds the
University’s own consumption is sold on electricity market.

1Splaiul Independentei 313, Bucharest, Romania, 0723411052, dianatutica@ gmail.com
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During the winter time, heat recovered from the two engines, about 2 MW, is used within
the district heating network of the University’s campus. The first stage of heat recovery is from
flue gases through heat exchangers (523 kW from each). The second stage of heat recovery is
from cooling circuits through several heat exchangers, leading to 444 kW of recovered heat
from each engine. The main heat exchengers from the engine cooling network and the main
temperature levels with the coresponding recovered energy are ilustrated in figure 1.

Being a University, in summer the demand for heat is almost zero, and even if the
reciprocating engines can be used at full load, the available heat has to be exhausted into the
atmosphere. In this situation, the overall efficiency will drop dramatically. So the main
objective that the autors tried to achieved in this work, was to determine a uselful and efficient
way to use the engines heat losses during summer. Due to the climate and to the possible
consumers characteristics, the most appropriate solution was to produce cooling water for air
climatisation, through absorbtion chillers.

90 kW [ 224 kW 523 kW
5ee—? InE‘ElcmtEI ol Engine Exhaust gases  ——
1¥stage 27+C lubrification 745°C Ta24C 80+ C
BO*C Max 0 C Max 90°C 1204C 485°C

Figure 1: Main heat recovery elements of the reciprocating engine [6]
3. TECHNICAL AND ECONOMIC ANALYZES

Taking into account that the temperature level for the working fluid that can be used for
absorption chillers is warm water at under 90 °C, the appropriate chiller that can be used is BrLi
absorption chiller in one stage. In this case, the coefficient of performance (COP) of absorption
chillers using warm water with temperature under 90 °C is about 0.5 [7]. This leads to a
production of approximately 1 MW of cold water, using the 2 MWy, of heat. There were chosen
2 absorption chillers, of 0.55 MW each, having one absorption stage, specially designed for
cold water production with temperatures 7/12 °C using available heat from industrial processes
or cogeneration units [4].

There have been taken into consideration two kinds of possible consumers for the cold
water production: a) a part of an University Campus (offices and research laboratories) and b)
a group of new buildings built near the CHP plant. For both consumers demands, we used a
simple standardized method for the common facilities, based on predefined cooling load
coefficients and on the surface of the analyzed room calculated with the formula (1) [8].

Qc =S"C¢ (W] (D)

where: Qc- is the cooling load, in [W]; S- is the useful area of the analyzed space, in [m?] and
Cc- is the standardized coefficient [W/m?].



The standardized coefficient (cold demand) has been estimated at 70 W/m? for case b)
and at 90 W/m? for the offices and 110 W/m? for the laboratories and class rooms in case a).
Nomber and average area that lead to the total cooling demand (Qc) are centralized in table 1.

Table 1: Average cold demand for both analyzed cases

a) University Campus b) Residential buildings
Type of space No of app. |S [m?] | Type of space No of app. |S [m?]
Class rooms 11| 193|Studio 110 35
Research laboratories 90 30|2 rooms apartments 75 60
Offices 160 20 |3 rooms apartments 55| 100
Cold demand [MW] 0.96 |Cold demand [MW] 0.97

Investement in the new components of the cooling absorbtion system is explaned in
table 2. The main equipemnts are the same in both analyzed cases (chilling machines, heat
exchangers, pompes etc.). The difference comes from the fact that for the University’s Campus
we don’t need new cooling pipes (heating and cooling are never supplied at the same time), but
we need inside ventilation units. Meanwhile, for the case of residential buildings, we have to
instal new insulated pipes of 219 mm x 5.00 mm, with a total cost of 55000 Euros and cold
water supply pumps for district cooling, totalizing 16500 Euros.

Table 2: Investment cost for chillers and auxiliary equipment necessary for both cases
Quantity Price Total
(Units) | (€/unit) | price (€)

Equipment

Absorption chiller BrLi, 0.55 MW 2| 100150 | 200300
Heat exchanger primary fluid 90/70 °C, secondary fluid

87/63.7 °C, 951 kW 2 3500 7000
Chiller warm water supply pump, 600 1/min, 10 m 2 6100 12200
Cold water pump 35.2 1/s, 40 m, 2 12500 25000
Cooling tower in closed— 892 kW 1 35000 35000
Cold water insulated storage tank 2 4100 8200
Pumps’ automation equipment 1 3000 3000

Total costs of equipments 313400
Expansion tanks, buffer tank, valves, manometers, thermometers, filters, (5%

from equipment value) and installation (5% from equipment value) [5] 31340
Total including installation 344740
Other expenses (4% from total) 13790
Total value of the absorption chillers equipment (Euro) 358530

Another difference regarding the investment is generated by the need to instal new fun
coils in all climatized units from the Campus. For each room we chose machines with
refrigerant loads between 2 and 3.5 kW, the total investment value beeing of 150000 Euros
(installation included).

For case a) the average functioning period is obaout 500 h/year and the new fun coils will
replace old air conditioning equipements (being energy class B, the energy efficiency ratio is
2.7), and will lead to a consumtion economy of 450 kW of electricity. The annual energy saving
by implementing the new system, will be of 225 MWh (the net saving after internal
consumption is 189 MWh). By selling on the energy market this amount of electricity, the
University’s CHP Plant will earn 35910 Euros/year.

For the case b) total yearly operation period is of 1200 h/year at nominal capacity. This
means that for a price of 35 €/ MWh of cooling, the total sold cooling capacity (1164 MWh/year)
will generate an income of 40.740 Euros/year (economic analysis in figure 2).
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4. CONCLUSIONS

In the paper there were presented several possible options of using thermal potential of the
tow reciprocating engines of UPB CHP, to generate cooling water, in order to supply a potential
consummer. According to the calculations both solutions are technicaly efficient, however the
first case (UPB Campus) has some special characteristics being an University. The most
important is the fact that the cooling is needed only 500 hours per year.

To better understand which solution is more cost-effective, an economic analysis based on
the Net Present Value (NPV) was realized for an operating period of 10 years. From figure 2,
we can observe that in the case a) for a cooling period of 500 hours, the investment can’t be
recovered during the life time period of the equipements. From the sensitivity analysis, the
minimum number of working hours should be 950, in order to reach, before the last year (10),
the value O for de NPV. Meanwhile for case b), the payback period is between 5 and 6 years.

In other words, if the consumption of UPB does not increase in the next period, the only
viable solution remains the one analyzed in case b.
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ABSTRACT

The paper presents a comparative analysis of two solar powered systems aiming to produce
electricity. The potential user could be a duplex house or an office building. One system consists of an
Organic Rankine Cycle (ORC) modeled to operate at variable mass flow rate, constraint by the heat
source temperature which is provided by a parabolic dish collector. The second one is a Stirling engine
modeled by taking into account the internal and external irreversibilities, using the concentrated solar
radiation from dish collector, too. Both engines have to deliver the same electrical power (constraint),
according to the user’s daily energy consumption profile. The study considers the daily solar radiation
and ambient temperature variation under cloudy sky conditions, and the receiver heat losses
dependence on these data. The analysis results emphasize the required solar collector dimensions in
each case. The comparison is done to previous obtained results under clear sky conditions.

1. INTRODUCTION

In the recent past, the solar energy has proven to be an actual alternative and clean source
of energy for the sustainable development of the society worldwide. It is cheap, abundant and
everlasting as source of renewable energy and thus it can be integrated in different systems to
overcome the dependency of present society on conventional fuels [1-2].

Such integration of solar energy has given an opportunity for several studies based on the
energy and economic approaches of solar-powered Stirling engine system. Ferreira et al [3]
developed a methodology for the thermal-economic optimization of micro cogeneration units,
showing its great potential for applications in the residential sector, with a payback period of
approximately 10 years. As a performant solar radiation concentrator, the parabolic dish
coupled with a Stirling engine was modelled and its operation was simulated for insolation
conditions in Egypt [4] or in Brazil [5]. Both studies aimed to find the best performance in
terms of energy production and efficiency, and developed sensitivity analysis for the receiver
working fluid [4], or for collector diameter, wind speed and tilt angle of the cavity [5].

Among the under development micro-scale power generation technologies the ORC
concept is a promising solution for smaller units for domestic users [6-8]. The operation of a
solar power plant associated with a latent heat thermal storage and an ORC unit was simulated
under dynamic (time-varying) solar radiation conditions [9] showing that the system is able to
provide power in 78.5% of the time, with practical efficiency for the ORC unit. The working
fluid for ORC system is important to improve efficiency and achieve better economy [10].

In this paper, a comparative analysis of two solar powered systems performance for
residential consumers, one with Stirling engine, and the other with Organic Rankine Cycle is
done. The aim of the analysis is to provide information that could help the consumer to
choose the system that best suits his needs taking into account the two extrema for sky
conditions — cloudy and clear ones.

"Department of Engineering Thermodynamics, +40-21-4029339, bbd 1188 @yahoo.com
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2. DESCRIPTION OF THE TWO SOLAR DRIVEN SYSTEMS

The Stirling system consists of a Dish-Receiver assembly that will provide the
necessary heat input, a Stirling engine and an electrical generator, as shown in Fig. 1. The
power output of the electrical generator can be used directly by the consumer and the surplus
is stored in a battery, to be supplied for covering the pick consume or the periods without sun.

Dish-
Receiver
Electric
generator
Stirling

engine —( »P |

(S

Pump
Figure 1: The Stirling system

Experimental data obtained from the V-160 Stirling engine [11] are used for the Stirling
engine modeling.

The Organic Rankine Cycle system is also driven by the assembly of a Dish
Receiver and coupled to a storage tank (ST), which will ensure a stable operation. The fluid is
circulated through the receiver of the dish solar collector and heated along the day,
simultaneously feeding the evaporator of the organic Rankine cycle, as presented in Fig. 2.

N
7 7z
Dish- ’|: Y/ Electric
Receiver generator
system ORC ORC 409
evaporator turbine Pel
—>
ORC Sink at 7,
condenser f
\ b N\ V
| L Jump )
~
Pump ump

Figure 2: The Organic Rankine Cycle system

Therminol XP is chosen as heat transfer fluid in the solar receiver tubes, with a mass
flow rate of 0.7 kg/s. The storage tank module is a fully mixed one, assuring a uniform
temperature in its bulk volume, having a capacity of 100 kg.

The parabolic dish collector feeds the storage tank ST, to which the evaporator of the
Organic Rankine Cycle (ORC) is coupled ensuring the heat exchange between the organic
fluid (n-pentane in this case) and the ST fluid. A lower limit is set for ORC operation at 80°C
in order to avoid instability and poor operation. The ORC operates between ambient
condensation temperature and a vaporization level imposed by the ST fluid temperature,
higher than the lower set limit and lower than the optimum vaporization temperature for
maximum power output, 140°C [12]. The main target of this study is to compare the results
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obtained with this technic arrangement under cloudy sky conditions, to previous results
obtained under clear sky conditions [13].

3. MODELLING OF THE TWO SYSTEMS
Stirling engine performance evaluation based on the Direct Method from TFS

In the frame of Thermodynamics with Finite Speed and using the Direct Method ,the
Stirling engine efficiency will be given by the equation [14]:

3 Jtﬁ” - } LX) (1)

Nse =Mcc m]H,ireu :(1—_L

1I,irev, AP, ’
TH,S TH,S (y l)lné‘
_
ec i irrev. ATypr, power it irrev, X

where: - i, irrev — the second law efficiency cumulating the cycle irreversibility effect;
- Tu s — the receiver temperature (hot source);
- T, — the cold end temperature;
- AT ops, power — the optimum temperature difference at the source for maximum power
delivered by the Stirling engine;
- N, irrev,x — the second law efficiency due to incomplete regeneration of heat;
- y — the specific heat ratio (= ¢y/cy);
- £—the volumetric ratio, &= Viua/Vinin;
- N, irrev, 2P — the second law efficiency due to pressure losses, expressed as [14, 15]:
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and w — the average speed of the piston; ws. — the speed of the sound corresponding to the
sink parameters; T — the ratio of the gas extreme temperature in the cycle (Tynaw/Tmin); Ns —
number of screens of the regenerator

Equation (1) emphasizes the main causes of irreversibility in actual Stirling Machines
that decrease the ideal cycle efficiency (equal with the Carnot cycle efficiency), namely heat
transfer at finite AT at the hot end, incomplete heat regeneration in the Regenerator evaluated
by the losses coefficient X [14, 15] that contains one of the adjustment coefficient of the
model, and pressure losses due to friction.

Finally, the analytical expression for the power output results as:

Power,, . . =
SE jirrev

where the second adjustment coefficient, z, accounts for the finite heat rate at the source. Its
value is equal to 0.55 or 0.8 [15].

ORC system performance evaluation

For the ORC system, the storage tank is a fully mixed one, characterized by a constant
heat loss coefficient (U)sr = 0.7 W/(m?K) [16]. The mathematical expression of the First Law
of Thermodynamics allows us to compute the storage tank temperature at the next time-step
(n + 1) based on the value from the previous time-step (n):
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The time-step Az = 10 min for the simulations along a day or more consecutive days.

The term Q" is the useful heat rate absorbed by the receiver fluid, while Q™) .

represents the heat rate transferred to the organic fluid in the organic Rankine cycle
evaporator. At system start-up, the initial storage tank temperature Ts{ﬁ ) is set to ambient one

TJU}, while the ORC is turned off, so that Qég.}ORC = (0. For each simulation day, the

computation is implemented for 24 hours starting from midnight.

The sky conditions are determined based on Meteonorm database [17], as 10-years-
averaged measured values, for Bucharest, thus including cloudy days radiation and ambient
temperature.

4. RESULTS

The results are presented for two consecutive days, July 15" and 16" (the 196" and 197™
days respectively out of 365 yearly days). The solar assembly is composed by the parabolic
dish and the associate receiver of 18 cm diameter aperture, the same for both systems. Heat
losses from the receiver to the surroundings, due to convection and radiation are considered.
Different values of the dish diameter were considered, namely 8m, 12m, and 16m, in order to
evaluate the most economical solution that suits to the consumer needs.

The Stirling engine system daily power output together with the consumption profile of
the user are illustrated in Fig. 3. One can see that the 16 m dish largely covers the pick
consumption of 2 kW, thus 12 m diameter would be a better choice, due to the battery use.
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Figure 3: Stirling system power output with respect to the required one

Regarding the ORC system, the clear sky conditions revealed [13] that a dish diameter of
6m was sufficient to cover daily electric energy need of 8kWh. In the present study, authors
have found that, under the same system characteristics, at least 18m diameter should be used
(Fig. 4). Cloudy sky conditions imposed much lower solar radiation values and consequently
the ST fluid heated insufficiently to run the ORC at desired rate.

Due to obviously technical difficulties in using such very large diameter dish, authors
decided to modify some operating parameters in order to find a suitable solution. In this
regards, the simulations were redone for a mass flow rate of fluid circulating the receiver
reduced to 0.3kg/s and a period of two days charging the ST before ORC start-up. In this two-
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days period, the ST fluid was heated, so that the ORC starts at an upper temperature level and
having a previously stored thermal energy.
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Figure 4: ORC daily electric energy produced under cloudy sky (and same parameters used
for clear sky simulation in paper [13])
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Figure 5: ORC daily electric energy produced under cloudy sky for a reduced value of
receiver fluid mass flow rate (0.3kg/s) and two charging days before ORC start;
12m diameter dish

The simulation was performed for different dish diameters and the most suitable results
were obtained for a dish diameter of 12m. Results are presented in Fig. 5. The ST fluid
temperature attaint 320°C after 40 hours of operation. ORC module was started in the third
day and produced 8.3 kWh electric energy in 24 hours. The next days, the ORC module
produced 5.56 kWh daily and the ST fluid temperature did not drop under 96°C, thus a stable
operation condition was met.

S. CONCLUSIONS

Performance of Stirling engine and Organic Rankine Cycle systems, in terms of electric
power, electrical energy provided by several dish diameter systems have been simulated,
namely 8m, 12m, 16m for Stirling, completed by 18m and 20m for ORC respectively.
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The results have been compared to previously obtained ones under clear sky conditions
[13] and emphasized that the electric energy supply which is the closest to demand is
provided by a system with a much larger dish diameter for the same system parameters, in the
simulated case under cloudy sky. The ORC module requires a 18m dish diameter, compared
to 6m one, while the Stirling engine, a 12 m diameter parabolic dish, compared to Sm one.

Modifying operating parameters, the ORC module required a 12m diameter dish for
covering daily electric energy need and a two-days charging period of the ST before start.
Further development of the analysis for different values of other operating and technical
parameters and sink temperature levels (so that heat rejected could be used in cogeneration) is
in due course.
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ABSTRACT

The use of the alternative fuels, even in partial substitution, may represent a viable solution to
reduce the diesel engine pollutant emissions and to maintain the diesel engines in service and in urban
traffic. The animal fats-butanol-diesel fuel blends are an alternative fuel which can be used at diesel
engines, in order to reduce the pollutant emissions. The main advantages of animal fats- diesel fuel
blends like cetane number and calorific value very close to diesel, higher oxygen content it
recommend it as a good alternative fuel for diesel engines, being renewable and energy efficient. The
results of experimental investigations show the animal fats and butanol effects on the combustion
parameters and on the pollutant emissions. Animal fats-butanol-diesel fuel blends can be considered a
viable alternative fuel for diesel engine, assuring the partial replace of the fossil fuels and resolving the
major problem of animal wastes

1. INTRODUCTION

After the 2015 Paris Climate Conference and the C40 Events-C40 Mayors Summit 2016
diesel engine pollution issue becomes a priority for some capital cities (Paris, Madrid, Athens
and Mexico City) which will not legally allow anymore the access of automotives with diesel
engines starting with year of 2020.

The use of alternative fuel obtained from renewable sources to diesel engines fuelling is a
viable solution for replace of the fossil fuels and for pollutants emissions and greenhouse
gases effect decrease. The animal fats have a high potential, due to their good combustion
properties and due to great reserves can be used with success at diesel engines. They are
oxygenated fuels, non toxic, sulphur free and contain more oxygen compare to diesel fuel [1].
The main disadvantages of animal fats are their high viscosity and poor volatility. Because of
their high viscosity, the preheating of animal fats results in a significant decrease of viscosity,
which allows the diesel engine fuelling without constructive modifications [2]. By use of
butanol in mixture with diesel fuel and animal fats the new fuel viscosity significant decreases
and the fuel atomization is improvement [3].

Animal fats are lipid materials, being composed of triglycerides. Animal fats are in more
parts constituted from tryglicerides and saturated monocarboxylic fat acids with number of
carbon atoms (C12-C18) in which palmitic and stearic acids are predominant [2]. Animal fats
have a lower content of carbon and hydrogen and higher oxygen content comparative to diesel
fuel. The viscosity of the animal fats is of 15 times greater than diesel fuel at 40°C, table 1,
[2]. At the raw animal fats use, the engine power is lower compared to diesel fuelling (the
lower heating value of animal fats is with almost 10% lower as the diesel fuel- table 1). By
increasing the cyclic fuel dose for the same air/fuel ratio, the engine power can be corrected
because of the higher oxygen content of animal fats than diesel fuel [2].

IBlvd. Splaiul Independentei no. 313, +40723470021, cernatt@ gmail.com
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In the table 1 a presented some of the physic-chemical properties of diesel fuel and animal
fats:
Table 1: The physic-chemical properties of diesel fuel and animal fats

Diesel
Specific properties of the fuels Fuel Animal Fat
Density [g/ml] 0.8495 0.92
Viscosity at 40 °C [mm?/s] 2.96 45
Thick point [°C] -12 6
Congealing point [°C] -16
Ignition point [°C] 74 170
Boiling point [°C] 191 344
Sulphur [% m] 0.036 0
Cetane number CN [-] 49.2 56
Caloric power Hi [MJ/kg] 42.9 39.77
Carbon [% m] 86.67 77.6
Hydrogen [% m] 12.96 12.3
Oxygen [% m] 0.33 12.5
Oxygen for combustion O, [kmol/kg cb] | 0.1045 0.0915

Experimental investigations of a diesel engine with a single cylinder, air cooled, with
direct injection, fuelled with fuel diesel and animal fat preheated to 70°C in mixture with
ethanol showed follow results comparative to diesel fuel engine: increase of the autoignition
delay; decrease of the exhaust gas temperature; decrease of NOx and smoke emissions level
[3, 4]. Same results were presented in others papers [5, 6, 7, 8].

In this paper are presented some results of preheated raw animal fats in mixture with
diesel fuel and butanol.

2. METHODOLOGY

The experimental investigations were carried on a CFR-IT9-3M experimental diesel
engine. The engine was firstly fuelled with diesel fuel and then with blends of diesel fuel-
animal fats —butanol for the same engine adjustments (13 °CA injection timing and €=13.74
compression ratio). The fuel cyclic dose (28.9 mm?/cycle) was maintained constant at for all
experimental tests. The diesel engine was equipped with AVL pressure transducer line,
Kubler speed incremental transducer, real time AVL data acquisition system, AVL gas
analyzer and smoke meter, thermo resistances for engine cooling liquid temperature, engine
oil and air intake temperatures, and thermocouples for exhaust gas temperature. The high
viscosity and poor vaporization characteristics of animal fats need prior their heating and the
content limit in mixture with diesel fuel.

Was used the following methodology:

The animal fats are perfect soluble in diesel fuel at ~40 °C. At this temperature were
prepared diesel fuel-animal fats (5% and 10% vol.)- butanol (5% vol.) blends.

In figure 1-3 are presented the some effects of the animal fat and butanol in mixture with
diesel fuel.

In figure 1 the NOx emissions level variation with the animal fats content in mixture with
diesel fuel and butanol (xm) is presented.

The NOx formation is favored of the high temperature zone associated to the preformed
mixtures combustion. Decreasing of NOx emission with 65% at the increasing of fats content,
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figure 1, is explained by reduction of the preformed mixtures quantity because of the
atomization aggravation, which leads to combustion temperature decrease comparative to
diesel engine fuelled with diesel fuel, figure 2.
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Figure 3: Smoke emissions level versus animal fats content
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In figure 3 smoke emission level variations versus the percent of animal fats in mixture
with diesel fuel for same butanol content is presented. Reduction of smoke emission level
may be explained by carbon content reduction and oxygen content increase at molecular level
(the animal fats and butanol have higher oxygen content in their molecule). Comparative to
diesel fuel fuelled engine, a reduction with 87% of smoke emission level for xm=10% was
obtained.

3. CONCLUSIONS

The use of animal fats and butanol in mixture with diesel fuel at the diesel engine assures
pollutant emissions decrease. The NOx and smoke emissions level decreases. Animal fats can
be considered a good alternative fuel for diesel engine, they achieving the partial replace of
the fossil fuels and resolving the major problem of origin animal wastes from leather industry.
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ABSTRACT

Due to depleting traditional energy resources, solar energy appears a promising alternative
renewable preference for many demonstrational applications including solar desalination plants. In this
respect, an experimental study on the performance of pre-designed and manufactured Lab-scaled water
desalination used parabolic trough solar collector PTC was carried out for the first time in Al-Najaf
City-Iraq (32° 1' N/ 44° 19' E). The proposed designed is to enhance the production of the water still
by integrated with a parabolic trough solar. The used PTC with 90°-rim angle mirrored reflector that
focused the sun on its focal line of a copper tube with black chrome coating receiver. Primary results
reveal 11% improvement in system efficiency is obtained over the used vacuumed copper tube with
black chrome coating receiver. Results also confirm PTC facing North or South positions is best for
maintaining better system efficiency.

Keywords: Solar distillation, parabolic trough solar collector, condensation, Solar radiation.

1- INTRODUCTION

It is well known that worldwide regions with scarce sources of pure consumable water are
having abundant solar energy. Conventional technology of desalinating saline water in such
dry regions such as thermal processes is well discovered, implemented and developed. These
including multiple effects, multi-stage flash and more recently humidification
dehumidification process. Such practices are yet claiming high energy input rates due to the
vaporization phase change of saline water [1].

In this respect, utilizing solar energy technology for desalination appears as superior
choice of being renewable energy that promotes higher environmental and living standards
within such regions. In this respect, trough solar concentrator technology for desalination
applications is attractively growing research topic [2-5]. Parabolic trough solar collectors are a
type of concentrating collectors used in thermal power plants. They consist of a reflective
mirror in the shape of a parabola, a tubular receiver, and support structures. The collector uses
the solar incident rays from the sun, reflecting them onto a tubular receiver. The tubular
receiver is placed at the focal point of the parabola for effective reflection of the sun’s rays
onto the fluid inside the receiver [6].

Riffat and Mayere [2] investigated the performance of v-trough solar concentrator for
desalination applications. They reported that the v-trough solar concentrator is a superior
technique for small and medium water desalination, since the efficiency reaches 38% at 100°C
temperature of transfer fluid at the concentrator outlet. Joo and Kwak [3] conducted an
optimization study of solar thermal desalination over a small-scale multi effect distiller. Their
results revealed an optimal ratio of 2.0.

The performance evaluation of combining desalination systems with concentrated solar
power plants was conducted by Palenzuela et al. [4]. They concluded that a low temperature

3 Corresponding author, email gahtan77 @yahoo.com
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multiple-effect distillation is more efficient than a low temperature multiple effect distillation
integrated with a thermal vapour compression. A multiple-effect distillation system was
investigated through a dynamic model generated by Calle et al. [5]. They reported that their
generated model could be used to optimize the operating control of such systems. Yanjuan
Wang et al. [7]. Carried out numerical simulation combining solar ray trace (SRT) method
and finite element method (FEM) to solve problem coupled with fluid flow, heat transfer and
thermal stress in a PTC system. Their results revealed that the circumferential temperature
difference (CTD) of the absorber decreases with the increases of inlet temperature and
velocity of the heat transfer fluid (HTF) and increases with the increment of the direct normal
irradiance (DNI). They also reported that the thermal stress and the deformations of the
absorber are higher than that of the glass cover. They concluded that their findings could
provide a fundamental reference for the development of the parabolic trough solar thermal
power plant in China.

The present study is focused on the amount of freshwater productivity of a solar still
integrated with the parabolic trough collector in natural mode. The system has been optimized
to increase the heat transfer coefficients by adding a heat exchanger coil.

2- EXPERIMENTAL SETUP

The experimental work involved experiments conducted on the solar parabolic trough
(PTC) with distillation system. The performance of a locally designed and build PTC for
water desalination application was investigated. Collected weather data including air
temperature, solar radiation and wind speed was well considered in the experimental work.
Where the work divided into two parts; the first part discusses efficiency of the parabolic
trough collector and the second part discusses water desalination by use of parabolic trough
collector. The PTC was made of a stainless-steel sheet in order to facilitate reflection and
concentration of sun radiations towards an absorber tube located at the focus line of the
parabolic. The receiver in turn is an absorber tube is made of copper at which point it absorbs
the incoming radiations and transforms them into thermal energy, the last being transported
and collected by a fluid medium circulating within a tank filled with saline water at which
point it evaporates. Pure water then collected as a result of water condensation. The
Specification of the used PTC are detailed in table1 below.

Tablel. Specification for solar parabolic solar collector

Trough length(L) 1.99m

Aperture (a) 0.85m

Aperture area = L*a 1.99%0.85=1.6915m>
Height trough 1.74 m

Absorber material Black steel

Rim angle 90°

To achieve cost-effectiveness in mass production, the collector structure must feature not
only a high stiffness-to-weight ratio, to keep the material content to a minimum, but also to
consider low-labor manufacturing processes. A steel parabola framework was designed and
manufactured where it has been covered with a highly reflective Stainless-steel sheet as
shown in Figure 1. The PTC was positioned facing the south direction in order to ensure a
maximum amount of solar radiation to be received. Reflected solar radiation then directed to
the receiver tube in its focal line.
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Reflector

Figure 1. Experiment parabolic trough solar with the receiver

The second part of this work is the distillation collector (See figure 2). The temperatures
of the distilled water downstream of the pre-heating section, at the inlet and at the outlet of the

receiver and downstream of the heat exchanger are measured by thermocouples as well.

Figure 2. Photographic side view of the distillation water

3- RESULTS & DISCUSSION

Solar radiation affects the performance of the PTC due to the fact that its intense varied
along day cycle which in turn reflects its amount absorbed by the receiver. Figure 3,
highlights the solar radiation-temperature relationship over two days running. Obviously,
maximum radiation was recorded at 12:30 pm scoring as high as 962 where the highest
temperature of 40.5 °C was obtained at 3:30 pm on 15/5/2018. On another day, an optimal
radiation was reported at 12:10pm of 940 where highest temperature of 44.3°C obtained at
2:30pm.
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Figure 3. Solar radiation and ambient temperature variation with time at 10 and 15/5/2017

The experimental results of PTC with solar still for fresh water are reported and discussed
first. The daily thermal efficiency, for the PTC with solar still was acquired by the summation
of the total hourly condensate production for fresh water, multiplied by the latent heat of
water vaporization and divided by the product of daily solar radiation and the whole area of
the collector.

=ZM%
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In the experimental results, Figure 4 shows the relationship between time and temperature
inlet, outlet and surface temperature of absorber pipe recorded on 10 and 15/5/2017
respectively. Generally, on 10/5/207, it should be mentioned that all temperatures were
increased with time. However, a 10°C decline in surface tube temperature at 12:10pm. This is
mainly due to poor contact between the temperature sensor and the tube surface. The error
was less pronounced on the results obtained on 15/5/2017 as can be shown in Figure 4.
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Figure 4. Variation of the inlet, outlet and surface temperature of the PTC with Time

for two days

The Figure 5 displays the time-coil surface temperature relationship (TS- water in basin),
the temperature of the glass surface (T7- condensation surface) and temperature of moisture
air (T8) during the two experimental days 10/5/2018 and 15/5/2018. It can be noticed that the
glass surface temperature was the lowest compared to those for the coil surface and moisture
air. The difference in temperature also increased with time due to evaporation process takes
place in the basin as result of increased solar radiation.
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Figure 5. The Relationship between Time and Temperature of Coil Surface (Ts- Water in
Basin), The Glass Surface (T7- Condensation Surface) and Moisture Air (Tg) of two days

The Figure 6 shows the relationship between time and productivity for two days
(10/5/2018 & 15/10/2018). It can be noticed that highest productivity was calculated at
12:00pm and lower of productivity at 10:30am on 10/5/2018. Similarly, highest productivity
was obtained at 12:00pm on 15/10/2018. Beyond 12:00pm, a noticeable reduction in system
productivity was recorded mainly due to reduced water evaporation effect as a result of
declined solar radiation.
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Figure 6. Productivity of fresh water for two days (10/5/2018 and 15/10/2018)

4- CONCLUSIONS

This paper reports the performance of pre-designed and manufactured Lab-scaled parabolic
trough solar collector PTC for water desalination application for the first time in Al-Najaf City- Iraq
(32° 1' N/ 44° 19' E). Experimental outcomes indicate that PTC with single slope solar still system
yields a relatively higher productivity of fresh water over traditional solar still systems
approaching 5%. It also reported a significant growth in system production could be achieved
with expanding the solar collecting space. In this respect, it can be concluded that PTC
desalination systems appears to be superior approach in country like Iraq.
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MODELING OF HEATING SECTOR DEVELOPMENT WITH
TRANSITION TO BIOMASS-BASED GENERATION SCENARIO TILL
2050 IN UKRAINE

Epik A.!, Junior Researcher, Zubenko V!, Junior Researcher

ABSTRACT

Current work is devoted to the modeling calculation aimed on answering the question of how the heating sector
will look like after transformation from current fossil fuel generation to potential RES-based generation till 2050:
what equipment, fuel types will be used, how energy consumption will change, what are the limitations in the
sectors, drivers of development of RES in heating sector, needed investments, CO, reductions and jobs created
according to the installations implemented. The results of such modeling could demonstrate principal possibility
of achieving of determined RES-based heat generation targets drawing up the heating sector architecture till
2050.

Keywords: renewable energy sources, heat generation, agrobiomass, total primary energy supply, gross final
energy consumption.

1. INTRODUCTION

Ukrainian heat generation sector is currently one of the most energy intensive sectors with the
large share of fossil fuel based generation (more than 90%). At the same time, the substantial
development of renewables is only observed in the heat generation sector as shown at
Figure 1. Total share of heat energy demand out of all energy demand in Ukraine is for 2016
more than 30% in total final energy consumption [1]. Despite number of latest state
programmes and plans [2], [3], [4], [5], [6], [7] of sector reform it is still unclear what is the
primary tendency of its development and the driving forces for the post-2020 period and how
exactly and to what state it can transform. In the meantime, while maximum projection
horizon for Ukraine is now 2035, there are new international realities which Ukraine already
encountered as the Associated EU Member State and a Party of Energy Community (Paris
Agreement, available plans on 100% RES in some of the EU member states, etc.). This
requires widening of the projection horizon at a minimum till 2050.
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Figure 1: Developments of RES in Ukraine according to official statistics, 2010-2016

Available prognoses are focused more on traditional fuel types and energy sources and are
sometimes contradictory with each other. There is no detailed sectoral specification thus they
could not serve as road map for heating sector development. Meanwhile one of the possible
and perhaps most economically plausible scenarios may be fuel switch from fossil fuel to

! Institute of Engineering Thermophysics of NASU, Zhelyabova 2a street, tel.: +38 044 453 28 56,

e-mail: zubenko @biomass.kiev.ua; epik @biomass.kiev.ua;

27



biomass-based heat generation, for which from one hand the legislative and economic
preconditions are more or less already in place but signal for investors in form of some
strategic document is absent.

To improve current situation with post-2020 vision and providing well-grounded data for
decision making, more precisely estimate policies needed to reform district heating sector
with respect to increasing of renewable energy based heat generation it is crucial to discover
the details of heating sector development, what will be the principal structure of sector, heat
energy demands, sources of energy and their niches in the sector, equipment used for longer
planning horizon. The distribution of biomass and RES types used, respective heat prices and
how the technological competitiveness will influence the overall state of heating sector,
subsectors within it, interconnects with other sectors and changes over time for post-2020
period is necessary for understanding principal possibility or impossibility of achievement of
respective RES share in heat generation. Such work is the first step to demonstrate the
possibility of high level of RES implementation in heating sector of Ukraine, showing the
trajectories of how it could be achieved and biomass/RES types engaged.

2. APPROACH AND METHODOLOGY

The modeling touches only heating sector with inclusion of all generation-side installations
operating in the sector. The general idea of the modeling approach is based on the
identification of quantity of RES equipment and energy produced for each of 3 heating
subsectors (individual heating of population, district/budget heating (DH), industrial heating)
and for all currently eligible RES types (all kinds of biomass, biogas, MSW, solar heating and
heat pumps) for different equipment categories (individual stoves, small, all kind of biomass
boilers (medium and large scale hot water and steam boilers), CHPs MSW incineration,
biogas cogeneration on ICE basis, solar collectors (roof and stationary) and heat pumps
(aero)). The modeling is performed for the step of 5 years till 2050 with the iterations
performed on each step of calculation. At the beginning of calculation process, the matrix
including all eligible RES types for different equipment categories is built. The combinations
of pairs “biomass type”<->“technology used” have large number of possible solving
alternatives in time. The model is designed to narrowing the quantity of possible solving
trajectories and define so-called “balanced” trajectory of RES development on the basis of
integration of different constraints, limitations and thresholds for initial and final data
produced by the model (see the principal schematic diagram at Figure 2).

Statistics
2000-2016

Assumptions, Intermediate
limitations thresholds

Trajectory,
engaged

Indicative
targetsin

2050 RES types

Figure 2: Schematic diagram of modeling approach
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The first iteration of model may be simply performed for example as extrapolation of existing
statistical data. After obtaining of results of first iteration the output data is analyzed with
respect to contradiction of set limitations of the model. If at least one limitation is not
satisfied, the iteration is repeated once more. The final data on equipment and biomass types
used shall satisfy all integrated limitations (some of which are in contradiction with each other
which is narrowing the possible projected trajectory even more). The iterations of energy data
for each modeling step (5 years) is performed as long as all set limitations are satisfied
without any contradictions. After this calculation is deemed final. The main constraints and
limitations used in the model are presented on the diagram below on Figure 3.

TPES trends for Maximum possible Ratio of heat energy
each subsector substitution of fossil from CHP/boiler
in heating fuels houses from RES in DH

Intermediary targets
RES potentials FINAL DATA on RES according to

available
ON RES programmes, plans,
strategies

for each type

GHG emission Specific sub- Payback/investments
reduction effects sectoral for each technology
thresholds and RES type

Figure 3: Key assumptions, constraints and limitations used for model balancing.

Graphical representation of the modeling approach is represented at Figure 4. The blue line
represents the energy statistics with simple linear extrapolation serving as reference first
iteration. All next trajectory data is generating after applying of certain limitation packs which
adjust previous data arrays. The final scenario — so-called “balanced” shown by orange line at
Figure 4 is satisficing all applied limitations and so is deemed final.
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Figure 4: Graphical representation of iteration-based method using different limitations packs
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The model also calculates jobs and investments needed for achieving the respective scenario.
Investments are determined according to project specific data currently known and typical for
Ukrainian conditions prior to the iterations. For each technology/RES type the capital
investments are incorporated in model with tendency of decreasing through time. Also simple
payback is calculated on the basis of investments through standard method of dividing of
capital costs on operational savings appearing due to replacement of fossil fuels by RES
(difference between energy cost from RES and baseline — natural gas). It should be mentioned
also that total investments for sector and each subsectors are serving as additional threshold
per each iteration (making iteration cycling).

Jobs are calculated according to standard jobs factors multiplying the calculated heating
capacities for each technology/subsector/RES/type on the respective factors jobs/MWg
according to international and national level data [7], [8], [9].

For the purpose of modeling, natural gas consumption in all heating sector for all subsectors is
remaining stable (on the current level) for all steps of modeling till 2050.

3. CONSOLIDATED RESULTS AND DISCUSSION

To obtain final results for district heating sector it is necessary to determine the input of RES
for all heating subsectors in Ukraine, including district heating, industrial (processing) heating
and individual heating of population otherwise the RES input in DH subsector may be not
balanced (for example, overestimated for population and underestimated for district heating).
So the model is working on the level of all three subsectors, as specified above. Below the
results of the model iteration with application of above mentioned limitations are presented in
consolidated manner specifically for three subsectors.
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Figure 5: Total installed capacity of RES (MWg,) in heating sector

According to the final modeling data, total installed capacity of RES overall for heating sector
is increased from 5 GWth in 2015 to 35 GWth in 2050 (Figure 5) and the total primary energy
supply (TPES) from RES is increased from 2.6 Mtoe to 13.8 Mtoe in 2050 (Figure 6). RES
share overall for heating sector is increasing from 10% in 2015 to 57.4% for 2050.

According to calculation over 145 000 jobs in 2050 are to be created in heating sector: 60 000
in DH and public heating, 48 000 in industry, 38 000 in population individual heating. The
most job-intensive technologies are CHP on agroresidues and energy crops (9-11
jobs/MWth), MSW incineration (7-8 jobs/MWth), large industrial boiler houses (4
jobs/MWth), solar and heat pumps (3-5 jobs/MWth), the less job-intensive are individual
stoves and small biomass boilers (1-2 jobs/MWth). Total investments needed for the scenario
realization are on the level of 11.5 billion EUR for the period 2015-2050. The distribution of
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investments is variable for each 5 year periods achieving maximum during 2030-2035 and
then gradually decreasing.
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Figure 6: TPES from RES (Mtoe) in heating sector

The RES types engaged in heat production are represented on Figure 7. It could be seen that
for 2050 13 Mtoe out of 13.8 Mtoe (more than 90%) is represented by different biomass
types, mainly agrobiomass. In 2015 80% of biomass used is different kinds of woody
biomass, in 2035 — 35%, in 2050 — only 20%. The utilization of woody biomass potential is
currently approaching to the maximum, so the lion share of developments in biomass-to-heat
generation in the future may be performed only with utilization of non-woody biomass types,
mainly agrobiomass (>50% in the TPES balance for 2050).
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Figure 7: Heat production by different biomass types, solar collectors and heat pumps

4. CONCLUSIONS
The modeling of the RES-to-heat generation scenario till 2050 demonstrated the following
key indicators:

1. The overall heat production from RES is achieving 13.8 for 2050 comprising 57%
RES share: 5.2 Mtoe in individual heating, 3.8 Mtoe — in DH and budget/public
heating and 4.8 Mtoe — in industrial heating;
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2. The overall installed RES-to-heat generation capacities in 2050 are 36 GWn: 15 GWa
—individual heating, 11.5 — DH and budget/public heating, 9.5 — industrial heating;

3. The main increasing of RES-based heat generation in relative values is observed in the
district heating and budget/public heating (from 0.16 Mtoe in 2015 to 3.8 Mtoe in
2050 or more than in 20 times);

4. The largest absolute amount of RES-based heat generation is observed in the
individual heating of population (5.18 Mtoe in 2050);

5. Energy potential of RES is not fully exhausted, except of woody biomass (utilization
on the level of 110% of available potential), secondary agrowastes (98.8%) and
sunflower residues (80%); the main reserves for post-2050 developments are in wheat
straw and maize straw, energy crops, biogas from manure/agrowaste and MSW
incineration, non-biomass RES types — heat pumps and solar heating technologies;

6. Without agrobiomass (total share used in heating till 2050 from all RES over 60%)
and energy crops (approximately 20%) it is impossible to achieve targets of the high
RES utilization in heating according to the modeled scenario;

7. Agrobiomass and energy crops are main biomass types used in post-2030 period in
individual heating and DH, secondary and primary agrowastes, manure for biogas and
woody biomass are main types used in industry for same period;

8. Total investments for the scenario is 11.5 billion EUR overall for heating sector, out of
which 1.6 billion is invested in installations for individual heating, 5.0 billion — in DH
and budget/public heating, 4.9 billion — in industrial heating;
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CAPILLARY-POROUS COOLING SYSTEMS FOR MELTING UNITS
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ABSTRACT

A capillary-porous cooling system for caissons of melting units has been studied. The use of these
systems in metallurgical production is large-scale and multi-purpose. Devices in the form of box-type
caissons have a high intensity of heat transfer, remove high heat loads and provide explosion-proof
operating conditions for melting units. A new capillary-porous cooling system that contains a small
amount of coolant and is explosion-proof for operation of melting units has been developed and
investigated. Engineering calculation of operating and limiting characteristics of a capillary-porous
cooling system was done. The installation of box-type caissons in the slag zone of melting furnace and
installation of an evaporative and condensation capillary - porous cooling system of details (caissons)
are shown.

Key words: capillary-porous system, cooling system, caisson, heat flux, melting unit.

1. INTRODUCTION

The most important factor in the intensification of energy production is the rising of the
economy regime, taking into account the requirements of the environment. It is necessary to
meet the growing demand for fuel, energy and raw materials, mainly by saving material and
raw materials, improving the use of secondary resources. The solution of these problems can
be facilitated by porous systems.

Porous systems are beginning to be introduced in power installations. They allow to
remove and transport great heat fluxes with high intensity and reliability, to solve a number of
environmental problems as a result of anthropogenic impact on the environment, to promote
the saving of natural resources, water and oxygen, to reduce the amount of harmful emissions.

Capillary-porous systems are used in metallurgical production and have a multi-purpose
nature. In metallurgical units, parts and assemblies operate in a highly heat-loaded state and
require intensive cooling. Moreover, in the case of a cauldron burnout, the coolant enters the
melt and an explosion of the furnace may occur. In this case, a capillary-porous cooling
system can be effective; it contains a very small amount of liquid, is explosion-proof and has
a high forcing and a heat transfer rate [1-3].

2. METHODOLOGY

Methods for cooling of high-temperature elements in metallurgy are known, cooling is
carried out by technical water, when cold water passes through the cooled surface, taking
away the heat.
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Small heating of water requires its high consumption and construction of powerful water
intake devices, equipment for cleaning, pumping and cooling water in the case of a reverse
water supply system. The salt content led to the deposition of sludge, scale and frequent
burnout of the cooled elements. The low water temperature at the outlet excludes the
possibility of utilizing the waste heat by water, although the heat transfer to one unit may
amount to tens of MW.

The cooling system becomes expensive due to bulky cooling devices with recycled water
supply or when cleaning it in the case of direct flow, in addition, it is necessary to take into
account the electrical energy consumption for pumping water.

New capillary-porous cooling system operating in the field of mass and capillary forces is
developed and investigated. In the porous structure, an underheated coolant is transported to a
saturation temperature with a forced speed. This makes it possible to increase the forcing of
heat loads, significantly expand the limits of their removal [1-3], and intensify heat transfer
processes [4-8]. Studies of the heat transfer crisis were carried out with the help of
holographic interferometry, the optical-polarization method (photoelasticity) [1], and the
thermoelasticity method [2,3]. Intensification of heat transfer processes [4] was achieved due
to control of thermal wave energy, boiling characteristics [5] and heat exchange parameters
[6]. The experimental data were generalized using the theory of similarity, modeling and
analogy of heat exchange phenomena [7]. This allowed us to calculate dependences to define
the heat fluxes and thermal headings depending on the regime and structural parameters of
the structure and heat exchange surface [8]. We have considered the possibility of using
capillary-porous cooling systems for explosion-proof melting units.

As an example of capillary-porous systems for the cooling of melting aggregates for the
purpose of their explosion safety [9] is shown on figure 1.
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Figure 1: Installation of box-type
caissons in the slag zone of melting furnace
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Figure 1 shows the installation of box-type caissons in the slag zone of melting furnace.
Installation consists of: 1 - furnace bottom; 2 - wall; 3 - caisson; 4,10 - upper and lower
shelves; 5 - arch; 6 - arch support beam; 7 - spring of the arch; 8 - framework rack; 9 -
turnbuckles.

Figure 2 shows the installation of a capillary-porous system for cooling of elements
(caissons): 1- cooled element; 2 - heat exchanger; 3 - feed supply tank; 4 - condensator of feed
line; 5- condensate pump; 6 - feed pump; 7 - contact manometer; 8 - level controller; 9 - back
flow valve; 10 - control valve; 11 - manometer; 12 - emergency repair tank; 13 - condensate
cooler.

Engineering calculation of the operating and limiting characteristics of the capillary
porous-cooling system can be carried out using a nomogram method. To construct the
characteristics, previously geometrical parameters of the cooling system and porous structure
is determined. Calculation is made on the basis of a ratio for thermal power

EV _ mC
Q= f Twl W, (1)
+

a EV 1::EV a CFC

The value of the heat transfer coefficient of the evaporatora, is determined by the
criterion equation obtained by us [7] or by the calculated dependences [3,6,8]. Setting the
temperature of the wall in the condensator Ty, = const for a number of vapor temperatures

T, , the necessary physical parameters of the liquid in the condensator are determined and the
graph ofd. =f(T,)is constructed. From formula (2) the corresponding values of Q are

determined for a number of values of T,
Q :ach(Tv _TLC)’W’ (2)
where T =0,5(T, +TL).

Setting the several values of temperature T.', the parameters of the liquid in the

evaporator at the selected vapor temperature are determined and the graphs for o, =f(T.")
are plotted and defined by the above equations and formula

Ay = Q ,W/m’K. (3)

(T\EV —Ty)Fy

The intersection point of the curves gives the required temperature T." . So, the graticule

of equidistant lines in the plane of Q = f(TE") for different values of T , and it is necessary

to take into account the heat transfer capabilities limited by the crisis phenomena [2,3].
For constructing the nomogram it is also necessary to know the heat exchange laws of the
cooling system with the environment (a?= const). For this purpose, for example, heat

exchange coefficients with the external environment are set, or the conditions of creation of
environmental temperature ( Ty, = const) are accepted
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Q=0gE.(TS =Ty ) W. 4)

Then to each value of Q (or va ) there corresponds a certain value va (or Q).
Consequently, by changing the external conditions of heat exchange with the surrounding
environment, it is possible to regulate T.'for a given heat release. In case that the wall

temperature of the cooled element is set, it is necessary to specify a number of values of the
Reynolds criterion (Re), by which the values of the Stanton numbers are calculated and, after

determining the value of a ., , a temperature T. " is corrected. If the wall temperature exceeds

the specified value, it is necessary to reduce the value of Re and, consequently, the heat load
to be removed.

3. CONCLUSION

Thus, based on the fundamental research of the thermal and hydraulic heat transfer
characteristics carried out on the models and experiment, the required information was
obtained for the development, design, engineering calculation and operation of capillary-
porous systems in various thermal power plants and metallurgical production.

The further development of highly efficient devices with porous structures makes it
possible to convert energy production into environmentally friendly ones, improve labor
protection conditions, significantly save natural resources, intensify processes in alternative
sources, protect air, water and soil from pollution, including "thermal", to solve
methodological problems and long-term problems of generation, transport and accumulation
of energy.
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Alexander A. Genbach!, David Yu. Bondartsev>-Almaty University of Power Engineering
and Telecommunications, Department of Heat Engineering Installations,
Iliya K. Iliev3-University of Ruse, Department of Thermotechnics, Hydraulics and Ecology

ABSTRACT

The mechanism of destruction of metal vaporizing surfaces and poorly heat-conducting coatings
of low porosity made of natural mineral media (granite) has been described on the basis of the
problem of thermoelasticity and experimental data. Thermal flow dependences on time of their action
and depth of penetration of temperature perturbations were identified on the basis of analogy.
Capillary - porous systems have high intensity, high heat transport ability, reliability, compactness.
The results of calculations and experiment showed that the maximum thickness of the particles that
detach under the influence of compression forces for granite coatings is (0,25+0,3) x102 m. Sections
of compression curves that determine the detachment of particles with dimensions of more than 0,3
x102m for large thermal flows and short feed times, are screened by the melting curve, and in the case
of small thermal flows and time intervals - the expansion curve. The studies are aimed at creation of
porous coatings in cooling systems from well - and poorly conductive materials.

1. INTRODUCTION

Successful use of capillary-porous materials in engineering attracted many researchers
and inventors to create different devices on their basis. The intensity of heat-eliminating
systems and the forcing of processes taking place therein increased [1-3]. In addition to
cooling systems, the use of porous materials allowed the creation of units which addressed the
problems of explosion safety, labor protection and durability [4,6]. This was facilitated by the
ability to control evaporation processes due to excess fluid in pores and capillary structures,
formed by the combined action of capillary and mass forces [7-9].

In thermal power plants (TPPs), capillary-porous materials are used to cool highly-forced
detonation burner units [3], to create steam coolers in steam boilers [9], oil coolers that
prevent oil from entering cooling water and water from entering the bearing system [10] and
labyrinth seals [11], and are used in other devices [10]. The main areas of practical application
of capillary-porous systems are presented in [3,5,8-11].

Equipment and technological processes in the energy sector should be introduced from
the ecological and economic positions primarily. The proposed development of capillary-
porous systems will facilitate the implementation of processes, significantly improving and
preserving the natural environment.

The main advantages of capillary-porous systems include high intensity, high heat
transport ability, reliability, compactness, simplicity in manufacture and operation. These
systems improve operational and technological performance and have low capital and
operating costs. Based on the study of capillary-porous systems, new technical solutions have
been developed to improve the performance characteristics of the thermal power plant in
relation to the powerful power units of combined heat and power plants.
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The authors of [12] carry out a comparative analysis of methods for calculating the heat
transfer, based on the water boiling with underheating in vertical channels, and they consider
that the hot spot corrosion of fuel element claddings of nuclear reactor fuel elements is similar
to the capillary-porous structure [13,14]. However, no studies of heat transfer through a
regular structured surface have been carried out.

According to the authors' opinion [15,16], surface boiling on porous surfaces can
influence the development of corrosion due to the erosive action on the heat exchange surface,
when the bubbles of steam fall in an underheated liquid. Therefore, it is required to investigate
the evaporation of liquid in capillary-porous structures in the field of capillary and mass
forces, taking into account the velocity and underheating, which are formed by excess fluid.

An estimated intensity of heat transfer for liquid boiling in a large volume and thin films
on a smooth surface showed equal possibilities [12-14] at high thermal flow and higher heat
transfer parameters than that in systems with a capillary-porous coating [15-16]. It is required
to carry out investigations of the heat transfer capabilities of capillary-porous coatings
operating in the field of capillary and mass forces, and to establish ultimate (critical) load
values leading to the destruction of the heating surfaces.

The performed researches make it possible to give recommendations on the selection of
the heating-and-cooling medium, take into account the type of its circulation, determine the
geometry and material of apparatuses and heat exchange intensifiers, taking into account the
conditions and orientations of the system operation under pressure or underpressure, the
energy supply and type and the system orientation. Generalization of the experimental results
and calculation procedure for heat and mass transfer in capillary-porous systems in
accordance with, are presented in [17-21].

The investigation of various factors affecting the heat transfer in the structures show that
the critical states of the heating surface are of particular interest, when the system is capable
of carrying the maximum flows of energy and substance. In this case, however, the values of
thermal flows and thermal stresses are required to be known in order to ensure a reliable long-
term operation of the unit. Consequently, the maximum energy and substance transfer can be
obtained for the following conditions: a pure liquid circulating in a forced scheme in closed
elliptical heat exchangers under pressure in perforated and profiled heating surfaces made of
stainless steel is used. The system operates with an excessed fluid, and the presence of mass
forces ensures the forced flow of the heating-and-cooling medium with underheating. Energy
is supplied to the vertical surface along the perimeter, with a supersonic high-temperature
pulsating rotating torch [1,3,11,19].

2. AN EXPERIMENTAL METHOD

Experimental units allowing to investigate the following integral characteristics of heat
transfer have been developed: ultimate thermal flows (q), up to critical ones; liquid (m;) and
vapor (my) flow rates; distribution of the temperature field along the height and the length of
the heat exchange surface. Studies are carried out in a capillary-porous cooling system which
can operate on the principle of a closed evaporative-condensation design, or to be open.
Various heat exchange conditions are studied, including: method of the coolant supply; the
extent of tightness of the capillary-porous structure; ability to feed up the micro-arterial
structure along the height of the heat exchange surface; orientation of the surface relative to
gravitational forces; geometry: flat, tubular and curved cooling surfaces; influence of pressure
up to manifestations of crisis with wall burning.

To study the mechanism of heat transfer, holography methods and the generalization of
similar and analogous phenomena are used [1,3,11,20,21]. The heat exchange is controlled
using the elliptical systems, by the combined action of capillary and mass forces [1,3].
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The study of heat transfer is of a practical nature. It is intended for the creation of various
thermal power plants: steam attemperators of steam boilers, porous coatings of poorly heat-
conducting material, seals in steam turbines and a number of other power plants [1,3,7,10,19].

Figure 1 shows a cross section of a flat experimental unit with a perforated pressure plate
3 (Fig. 2), tubular arteries 4 and a capillary-porous structure 2.
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Figure 1. Cross section of a flat experimental unit: 1 — pressing bar, 2 — capillary-porous
structure, 3 — perforated pressure plate, 4 — tubular artery, 5 — asbestos cement plate, 6 —
heater, 7 — insulation, 8 — plate, 9 — clamping nut, 10 — electrode, 11 — windows, 12 — heat
insulation, 13 — coolable wall, 14 — collector, 15 — stand.
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Figure 2. Pressure scheme for the capillary-porous structure: 1 — plates, 2 — pressure screws,
3 — steam slots, 4 — fluid supply, 5 — pressure perforated plate, 6 — capillary-porous structure,
7 — heated wall, 8 — microartery.

The maximum possible error:
A) £ 0,6%, when measuring current; + 1%, when voltage is dropped; power is + 1,6%,
B) + 3%, when determining the liquid flow rate, using a rate-of-flow meter.
The imbalance of the current-supplied heat and the heat led to circulation and excess
water, taking into account heat losses through the insulation, did not exceed + 12%, and +
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11% through circulating water. The discrepancy between the material balance between the
flow rate of the cooling liquid and drainage and condensate flow is no more than + 10%. The
measurement procedure and the processing of experimental data were published in [2,4].

To study the boiling crisis, we also assembled the units made in the form of a rocket-type
flame-jet burner. The scheme of the experimental unit and the experimental conditions are
presented in [3]. Ignition chambers and supersonic nozzles were cooled using a capillary-
porous and water system. The thermoreactive burner was also used to study the critical state
of capillary-porous coatings made of natural mineral media (granite, quartz and teschenite
coatings). The thermal effect was realized by a supersonic (up to 2000 m/s) high-temperature
(up to 2500°C) pulsating torch.

3. MODEL OF A CAPILLARY-POROUS

To determine the critical thermal flows and stresses, the thermoelasticity problem
[3,9,10] is solved under the secondary limiting conditions for the one-dimensional equation of
nonstationary heat conductivity.

Let's consider a plate with the thickness of 2h. The constant ultimate thermal flow q is
supplied to the surface z = +h, starting from the timepoint t = 0. The bottom surface z = -h and
the plate side edges are thermally insulated.

Thermal conductivity equation with limiting and initial conditions can be written in
the form:

9%T  aT
awg—a,T=0, T<0;

aT
WL =q z=+h 0
Ay T =0, z=—h.

The temperature distribution along the thickness depends on the thermophysical
properties of the material, the thermal flow value and the feeding time:

3z2 6%

m?M?

z, )\ = M 2Tl 4 e DM 2 nm (z
T(h’r)_q{z(c’lp)wr-}_ 12M w2M Xn=1 n2 exp[ n 4(c)1p)WT] COS[Z (h+1)]}’ =

2 .
where M :TW; n — positive numbers.

Using the known temperature distribution in the plate, we can find the thermal tension
and compression stresses arising at a certain time t at various depths from the surface 6; = (h =
z;) for a given value of the thermal flow q, since the plate with a variable temperature is in the
plain stress condition.

aE z 1 +h ' Z
Oxx = oy =~ 5T (;, r) + o [ a2'ET (Z' r) dz, 3)

where the first term is the component of the compression stress, and the second term is the
tension stress.

3.1. SOLUTION TO THE EQUATION (1).
If we are given the limiting values of tension and compression stresses for the rock

(porous coatings from the natural mineral medium) and the metal, we obtain the dependence
of the thermal flow required for destruction on the time of delivery and the depth of
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penetration. In addition, equating the temperatures on the plate surface to the rock and metal
melting temperature, we find the values of the ultimate thermal flows necessary for melting
the surface layer for a different period of their action:

surface melting:

T¢

&= e : @)
2Cphw! T3M w2y am=1 2 eXP| TN gy T cosnT

development of limiting compression stresses:

A-v)out
— aE .
qZ - 322+62 1 ] (5)
M hZRT 4 e (D[, m2MZ nm(z
Z(C/lp)WT' 12M m2M Ln=1 nz exXp|Tn 4—((:/1p)WT [cos 2 (h+1)]
creating ultimate tension stresses:
(1-v)out
— aE
3= —m (6)
2(cAp)w

The dependences of qi, 2, q3 on time t for fixed particle size & values for the coating,
or the penetration depth of temperature perturbations for the metal, were calculated on a PC
with respect to a plate made of quartz, granite and metal (copper and stainless steel).

4. CONCLUSIONS

A scientific method for studying and creating of capillary-porous
cooling systems and coatings for various heat and mass transfer conditions in
power equipment elements has been developed.

Based on the conducted studies in case of exposure with a torch of a
kerosene-oxygen burner of porous coating within working area, we have up to
4x107 W/m? corresponded to q of coatings of 0,4x107 W/m?. The metals
destruction mechanism is fundamentally different from the rocks coatings
destruction mechanism. In the future, the studies of other porous natural
materials are required.
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ABSTRACT

A heating device based on a heat pipe has been designed for heating viscous fluids and heating of
production premises in power stations. The appliance provides fire and electrical safety, heat transfer
intensification, forcing of heat exchange, reduces the metal elasticity and the mass of the appliance. The
capillary-porous structure was with dimensions of 0.4 x 0.55 and was determined experimentally. It is
established that for a heat output of 4 kW a pipe of diameter d = 13 mm is needed; the length of
the evaporation zone is leyp = 0,1 m; and of the condenser lconda = 1.7 m, where the finned
coefficient is 5.

1. INTRODUCTION

The heating device can be used in power plants for heating viscous liquids, for example,
turbine oil, fuel oil for burning in steam and hot water boilers.

The device is also useful for the manufacture of construction and installation works on
power plants for heating industrial and domestic premises, such as structures for people, small
buildings, cabinets for dressing, heating room, rest, food, labor protection offices, red corners,
medical stations, inventory domestic facilities, dressing rooms, mobile control room.

There are known heating systems for industrial and domestic premises, individual
workplaces where it is permitted to use heating appliances or electric appliances with infrared
radiators operating periodically.

The disadvantage of such heating systems is the possibility of electric shock hazard
(electrical hazard) and high fire hazard. There is a known heating system for a passenger vehicle
(author's certificate of the USSR No. 742216, class B6ID27 / 00, 1980) containing a heating
object, primarily a locomotive driver's cab, a thermal energy source in the form of flue gas heat
with evaporation and condensation zones located at an angle to the source of thermal energy,
the handle, which moves the camera-accumulator.

However, in this form, the heating system can not be used in production and domestic
premises for the manufacture of construction and installation works, since these premises do
not have propulsion systems, waste gases, which are used as a heat source for evaporation of
the heat transfer in the heat pipe.

In addition, to remove heat in the cabin installation forced ventilation system, which
requires additional expenditure of electrical energy to power the fan motor. In general, the
republican economy is very large for ventilation, accounting for about 10% of all electricity
production, and therefore the issue of economy is topical. Possible breakthrough of hot exhaust
gases with a temperature of 400..500°C is associated with driver's damage and fire
contamination.
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To ensure fire and electrical safety and intensification of heat transfer during heating of
viscous fluids and industrial - domestic premises in the conditions of construction and
installation works. The heater is made in the form of a heat pipe, located at an angle to the
source of thermal energy. It contains zones of evaporation and condensation, a source of thermal
energy that is located in the heat transfer of the evaporation zone of the heat pipe and is fixed
to its body, and the perforated shell surrounding the condensation zone has flexible cables
located along the perimeter of the pipe with high-conductivity branches, the area of the shell
holes , located below the axis of symmetry of the heat pipe, exceeds their area on the surface of
the shell, located above the axis of symmetry.

In addition, the zone of evaporation of the heat pipe, filled with a heat transfer, contains
thermal insulation, and for regions with a low outside air temperature, the coolant is a liquid
with a negative freezing temperature, for example, an aqueous solution of sodium chloride, and
the capillary-porous structure of the heat pipe is made of large cells of a grid lumen, for
example, from two layers of a grid of the form 0,4x0,55 [1].

2. AN EXPERIMENTAL METHOD

The condensation zone 14 (Fig. 1, a) of the heat pipe 4, installed at an angle to the source
of thermal energy, which is an electric heater 2, placed in the heat transfer 9, on the inner
surface contains a porous structure 5 of the form 0.4x0.55. The appearance of the porous
structure and its dimensions are determined experimentally.

The heat generated by the electric heater 2 in the evaporation zone 10 is expended on
vaporization of the heat transfer 9. The flow of the generated vapor II rushes to the area of the
condensation zone 14 cooled by the airflow 12 of room I. The vapor stream 15 condenses heat
to the wall of the heat pipe 4 and the condensate of the condensed vapor 13 returns to the
evaporation zone 10 of the heat pipe 4 again.

The heat of condensation is transmitted with high intensity through the porous structure 5
and the wall of the heat pipe 4 by an flexible cable 6 with high-conductivity branches 7 covered
by a perforated shell 8. There is a mixed air flow around the condensation zone 14: a part of the
air, due to the temperature difference, starts to flow inside the channel formed by the perforated
shell 8, longitudinally flowing high-conductor branches; another, a smaller part of the air, due
to the vertical thrust, will circulate between the branches and flow around them transversely.
The presence of a flexible cable further turbulizes the boundary layer due to its vibration, which
contributes to the destruction of stagnant air zones and a large area of openings in the shell 8
located below the symmetry of the heat pipe 4 will improve the natural draft of air through the
high-heat holes.

3 4 R 13 11 \12 13 14 15 \E \2 ‘E
a) b)
Figure 1. Heating device: a) general form b) scheme of installation
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The thermal insulation 3, covering the evaporation zone 10 with the heat transfer 9,
allows at ambient temperatures to protect the heat transfer 9 from freezing within a few days,
and in the case of very low temperatures and prolonged absence of workers, it is recommended
to use a liquid with a negative freezing point as the heat transfer 9, for example, an aqueous
solution of sodium chloride.

The economic effect takes place due to reduction of fire danger, reduction of material
consumption by 10% and installation weight - by 15%, reduction of capital costs for heating
system manufacture, simplification of device operation.

Social effect is achieved by eliminating people's electric shock and damage caused by
fires, which improves working conditions of workers, increases their productivity and quality
of work.

Fire and explosion safety is achieved due to the fact that the electric heater is located in
the coolant inside the evaporation zone of the heat pipe, therefore the temperature of the heat-
releasing elements (the turns of the wire) will be low [6], several degrees above the temperature
of the boiling heat-transfer agent, thus eliminating the fire hazard of the heater.

Since the turns of the wire are in a closed volume of the evaporation zone, and the
reliability and tightness of the electrical insulation has reached a very high value, as can be
judged by the example of electric kettles, frying pans and other domestic devices, therefore
excludes the locking of the electric heater wire between each other and the case.

As shown by the experimental studies of the authors, the selected porous structure has

a high heat transfer potential, several times larger than the corresponding ones, requires the
least cost for the production of a heat pipe, has several times less hydraulic resistance than
existing ones. The selected insulation prevents the water from freezing in the evaporation zone
of the heat pipe at an outside temperature of (-20°C) for 2.2 days, with very severe frost (-40°C)
- 1.57 days, when used with a negative freezing temperature, for example, an aqueous solution
of sodium chloride . The absence of a fan saves energy, excluding from the heating system the
handle that moves the camera-drive, simplifies the operation of the device. We present
experimental studies on the determination of the type of a capillary-porous structure. In contrast
to the traditional capillary structures of heat pipes [4,5], which are recruited from fine-meshed
meshes, a capillary-porous structure of two mesh layers with a large cell size of 0.4x0.55 is

proposed, that is, two successively established layers with a cell width 0,4 10~ and 0,55007

m. This structure allows, firstly, to perform a more forced mode depending on the minimum
hydraulic resistance (Table 1) and, secondly, due to large cells. Capital and operating costs for
its manufacture and maintenance.

3. EXPERIMENTAL DATA

As seen from Table 1, the largest heat transfer ability has a porous structure 0,4x0,55.
Physically, this can be explained by the fact that due to the combined action of the capillary and
the mass forces in the porous structure creates a stable biphasic pulsing layer and large size grid
cells contribute to facilitate the removal of accumulating steam conglomerates than is the case
in the capillary - a porous structure in which the pore size even less, comes in 4 times less. A
similar phenomenon of crisis is also in thin-film evaporators, that is, on a smooth surface.
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Table 1. Experimental data on heat transfer capabilities and wall overheating of
various capillary-porous structures of water heat pipes

Type of capillary-porous Heat transfer capability of heat pipe, x10*, W /m’
structure
5 10 20 40 60 80
0,08x0,14x1 17 21 35 46 57 burnout of
the wall
0,14x0,14x0,14 17 25 40 47 53 -
0,4x0,55 19 30 42 57 60 65
Powder and fibrous structures 7 12 burnout of the wall
Thin-film evaporators
(without capillary-porous
structure) 10 15 burnout of the wall

For structures of sintered powders and cermets, the phenomenon of crisis is explained
by the fact that the emerging vapor bubbles clog small pores, stopping access to fresh portions

of liquid to the cooled wall. The boiling crisis occurs when heat flows =200’ W /m* .

With a specific heat flux =100’ W /m”> and total electric heater power N =4000 W,

the surface of the evaporation zone will be E, = % =407 m’, assuming the outer diameter

of the pipe 0,13m, determine the length of the evaporation zone:
_ F,u _ 4007
Y mdnap  3,1410,13

from the conveniences of mounting standard electric heaters.

=0,0979 m .Finally, the length of the evaporation zone is determined

Coefficient of heat transfer from the condensing steam to the inner wall of pipes
according to the criterion equation of heat transfer.

Regarding the heat transfer coefficient d, . We have

0.4 IR T -1,67
a = G*Cp* B’S DO3 Pri,3 L Reo,9 N)?Ag nap - (1)
Cp.q &F, KF,

Stanton number St =d, /G.Cp.
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G. —specific fluid flow

qF,, 100’ [0,82

G. = - 6 -3
reF, 2,300°0,2900

=122,9 kg / ¢ . )

q =100 12 —outer surface of condensation of heat pipe;
m

F,,, — outer surface of condensation of heat pipe; E,,, =7, L =7710,13[2=0,32 m’;

Hap

L =2 m: (we accept in advance); &F, — live section of the structure

¢F, =¢emd,,,0, =0,70r0,130,02007 =0,29007 m’; 3)
Complex
o 23m0° )
| == | =025 €
Cp.q 4,200° 000

Re—Reynolds criterion to steam.

gR,, _ 100° 0,1300,5
rp,  2,400°0200°

Re = =12355 S)

R,, — piperadius (R, =R,,,)
Re® =(235,5)" =136,4;
Pr, = Prandtl criterion; Pr!® =1,75"° =2,07;

N, — pressure criterion, take working pressure in the pipe;

P. =0,39 6ap , which corresponds to the saturation temperature 75°C . Then

PR\ (03900°m13m05)"
N}Ofg - s mp —| 2 > > =162,3 (6)
p 0.063

Where 0 — surface tension coefficient.

Geometric simplexes

F -L17 ) -1,17
(_w j = (—0’8 = J =9,16007 (7)
&r, 0,2900

E, — pipe cross-section
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0,13

2
E =nR; = n[é ) =0,0133 m’ 8)

F -0,59 O 01332 -0,59
= = - =61500° ©)
KF, 6,260 [0,41400°
0,5 0,5
K =4,305007" (gj =4,305007" [%) =6,26107" m’ (10)

where b,d- hydraulic and average diameters of wire mesh structure 0,4x0,55

(p=0.475007 m; d =0,225007 m).
a, =[122,93,2010° 3,5 00° [2,07 0,125 136,462,309, 1600~ [6,1500° | * =8,7400' W/m’K (1)

The thermophysical properties of water and steam adopted by [4] Setting the finning
coefficient of elastic ropes and calculating by the traditional formula the heat transfer

coefficient by convection from the surface of the shell to air (Zb =4 Bm/ m*K ), the heat

transfer coefficient in the condensation zone is determined (K =20 Bm/ m*K ) Then, for a

thermal power of 4 kW, a heat pipe with a diameter of 0.13 m, a length of the evaporation zone
of 0.1 m and a condensation zone of 1.7 m are required.

4. CONCLUSIONS

Thus, a heating device on a warm pipe provides fire safety, intensification of heat
transfer, forcing heat exchange, reduces the material consumption and mass of the installation.

A capillary-porous structure of the 0.4 x 0.55 type is determined experimentally and
provides a greater heat transfer capacity than the greenhouse and fibrous structures. For a
thermal power of 4 kW, a heat pipe with a diameter of 0.13 m is required, the length of the
evaporator zone is 0.1 m, the condensation zone is 1.7 m and with a finning coefficient of
flexible cables equal to 5.

References
[1] Genbach A.N., Genbach A.A., Tretyakova N.I. Heating device //Patent USSR Ne1557432. Ne14, 1990.
[2] Genbach A.A., Genbach N.A., Genbach I.A., Genbach An.A. Influence of the material and the
thickness of the porous structure on heat and mass transfer in heat exchangers of TPPs // Power engineering
telecommunications and higher education in modern conditions. — Proceedings of 3™ International scienfic-
technical conference — AUES. 2002. — 70-73 pp.
[3] Polyaev V.M., Genbach A.A. Heat transfer in a porous system operating under the combined action
of capillary and gravitational forces // Heat power engineering, Ne7. — 1993. — 55-58 pp.
[4] Dan P.D., Rei D.A. Heat pipes. — M.: Energy, 1973. — 272 pp.
[5] Voronin V.G. and other. Low temperature heat pipes for aircrafts. — M.: Mechanical engineering,
1976. — 200 pp.
[5] Daniela PANA, Ton V. ION, Marcel DRAGAN, Metal heating furnace with flue gases condensation
- thermoeconomic analysis, The Annals of “Dunarea De Jos” University Of Galati, Fascicle Ix. Metallurgy and
Materials Science No. 4 — 2014, p.10-13, ISSN 1453 — 083x, http://www.sim.ugal.ro/Annals.htm
[6] GH. Lazaroiu, L. Mihéescu, T. Prisecaru, I. Oprea, I. Pisd, G. Negreanu, R. Indries, ,,Combustion of
pitcoal-wood biomass brichettes, in a boiler test facility”, Environmental Engineering and Management
Journal, “Gh. Asachi” Technical University of Iasi, Romania, September/October 2008, Vol.7, No.5, pp. 595-
601, http://omicron.ch.tuiasi.ro/EEMJ/

48



COMPARATIVE ANALYSIS OF THE EXISTING DUST COLLECTORS
WITH THE DESIGNED CAPILLARY POROUS DUST COLLECTOR
WITH CONTROLLED GEOMETRY OF MICRO-CHANNELS

Alexandr Genbach, Kudaibergen Shokolakov, Angel Terziev!

ABSTRACT

This is a comparative analysis of the standard dust collectors with nozzle-free capillary porous
devices with controlled geometry in a form of elastic composite materials joined with vibrator, which is
operated in accordance with the kinematic diagram of the reciprocating motions. This device helps to
increase hundred times a duration between regenerations, and reduce 1,5 times a consumption of foam
generator, fully utilize acoustic energy by decreasing three times a specific acoustic power. Hydraulic
and gas dynamic resistance will be decreased 1,5-2 times, and effectiveness of dust and gas collection
will be 99,9 %.

The simplified design, reduced consumption of materials, minimized power consumption for air

transfer, foam forming solution and steam generation are the reasons for reduced implementation costs
of the proposed foam generators and dust collectors.
Generally, the aero hydrodynamic constructive diagrams of the proposed nozzle-free foam generators
of air (steam) mechanical foam and dust-and-gas collectors on capillary porous structure meet the
operational sanitary requirements, safety in operations of different industrial companies, and are
considered reliable, easy-to- produce and maintain.

Study of the dust suppression and dust collection processes was implemented during the
educational process at the faculty of "Heat & Power Units" at the Almaty University of Energy and
Communications, at the Almaty Branch of MIRK Energo, as well as Trust Alma-Atalnzhstroi and
Almaty Heat & Power Plant-2.

1. INTRODUCTION

Development of the foam capillary porous generators and dust-and-gas collectors of new
type was derived from study of pure liquids boiled in the porous structures and managed by
different physical fields: mass (gravity and pressure forces), capillary, vibration and wave
(ultrasound) [1-5]. The different physical processes such as boiling, injection, suction
(condensation), bubbling, foam generation, pseudo fluidization were summarized with a single
criterial equation with accuracy +20% [2].

Foam generation and de-foaming processes, as well as collection of microscopic particles
are available in the upgraded capillary porous structures (grids or partitions), whereas foam
forming solution is sprayed with a nozzle-free foam generator, and either pure dusty air-gas-
foam-steam mechanical flows were used for the bubble blowing energy or electric power of
low voltage [3,5-12]. The internal features of multiphase flows, as well as bubble size,
dispersion, their growth speed, density of cores, intensity of drop entrainment, frequency of
silence and development, departure diameters, values of formation and time of their formation
and destruction determine a stability of multiphase pulse boundary layer and control of different
physical fields and constructive properties of devices [1-4, 7-9, 11-15].

A particular attention in comparative analysis is given to the foam nozzle-free capillary
porous dust-and-gas collectors with elastic composite materials in which geometry of micro

1'8 Kliment Ohridski blvd., Sofia, Bulgaria, phone: +359 895 58 60 70; email: aterziev@tu-sofia.bg
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channels is controlled by vibrator which is operated in accordance with the kinematic diagram
of the reciprocating motions [6].

Modern methods and devices used in dust suppression and dust collection with the help of
air (steam)-mechanical foam [16-19], and designed nozzle-free generators of air mechanical
foam and dust-and-gas collectors having a capillary porous structure are applicable to make
their assessment and analysis.

The studies performed for the optimization of porous structure give information about the
required sizes of vapor and gas bubbles where it is possible to achieve a maximum effectiveness
of dust collection, dust suppression against fire fighting, as well as values of effective head.
Also an issue about the efficiency of dust collection of minor fraction particles was solved in a
presenceof highly intensive condensation process of water enriched steam on surfaces with
capillary porous coating. Type of capillary porous structure was determined, mode and
geometric properties of the system, the respective engineering relations were provided [2, 3, 6-
8, 12, 15].

2. DESCRIPTION OF THE CASE STUDY

Generally, the proposed capillary porous structure of the aero-hydrodynamic constructive
diagrams of nozzle-free foam generators of air (steam) mechanical foam and dust-and-gas
collectors on capillary porous structure meet the operational sanitary requirements, safety in
operations of different industrial companies, and are considered reliable, easy to manufacture
and easy to operate and maintain.

Study of the dust suppression and dust collection processes was implemented during the
educational process at the faculty of "Heat & Power Units" at the Almaty University of Energy
and Communications, at the Almaty Branch of MIRK Energo, as well as Trust Alma-
Atalnzhstroi and Almaty Heat & Power Plant-2.

Investment costs for the implementation of foam generators and dust collectors will be
reduced because of the simplified design, reduced consumption of materials, minimized power
consumption for air transfer, reduced amount of foam solution and steam generation. Besides
consumption of foam forming solution is reduced, efficiency of devices due to the automatic
reasonable correlation of components under different operational modes of dust cleaning
equipment is increased. Social effect implies improvement of the environmental issues,
operational efficiency is increased, which leads to non-waste production.

3. COMPARATIVE ANALYSIS

Comparative analysis between standard dust collectors with highly effective capillary
porous device with controlled geometry of micro channels [6] (fig.1 A and B) here is presented.
This device helps to increase hundred times a duration between regenerations, and reduce 1,5
times a consumption of foam generator, which saves power for its transfer, fully utilize acoustic
energy by decreasing three times a specific acoustic power. In addition, the device operation is
simplified, duration between regenerations increases, and thus enhanced reliability and
operational life of the device, leading to reduced investment and operational costs. Hydraulic
and gas dynamic resistance will be decreased 1,5-2 times, and efficiency of the dust and gas
collection will be 99,9 %.
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A) B)
Figure 1: A) Highly efficient porous device with controlled geometry of micro channels; B)
Capillary-porous material of dust and gas collector in a free (unloaded) state (a) and under the
influence of acoustic oscillations (b).

Legend of Figure 1 A and B: 1 — inlet nozzle of contaminated gas, 2 — outlet nozzle of
clean gas; 3 — capillary porous material (elastic polyurethane or elastic composite material with
set of required properties); 4 — capillaries and pores; 5 — sprayer in a ring form with opening; 6
— perforated plates; 7 — bolt joint; 8 — pressed clips; 9 — flexible plate; 10 — screws; 11 — vibrator;
12 — bar; 13 — kinematic diagram; 14 — sludge collector; 15 — dust-and-gas flow; 16 — clean gas;
17 — foam forming solution; 18 — mass (gravity and pressure forces) and capillary forces; 19 —
sludge; 20 — micro particles and micro drops; 21 — settled micro particles and micro drops.

4. RESULTS

Table 1 presents the properties of dust collectors based on the performed study.

The markings in column 9 of Table 1 are as follows: Ck — Keningem-Milliken correction
(average length of free path of gas molecules); D — diffusion rate, m?/s; dp — diameter of
particles, m; E — electric field intensity, V/m; e — electrone value; 1,6¥10"° Q; G — mass flow
rate, kg/s; n; — ion concentration, I/m?3; Tg — gas temperature, K; Eo — dielectric constant, 8,85

1072 F/m; pg — dynamic viscosity of gas phase, Pa.s; Stokes criterion: Stk = (d; Lb,.V.u, ) /18
, where V- relative gas velocity (in relation to drops, particles, streamlined bodies), m/s; P,

- density of solid phase, kg /m’.

General parameters of particle settling is as described in item 8 of Table 1: G — gravitational
, W — centrifugal; Stk — inertial; D — diffusional; KE — due to electric forces; K — due to
condensation of combined capillary and mass forces.
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Table 1: Comparative Analysis of Different Dust Collectors

Chamb Cycl.one Wet Dust
(centrifugal
er of . . Collector
ravita Inertial medium-pressure) Hose
No . gr (centrifug Small Granula | Wet Electri | Wet filter
Indicator tional Large . (fiber) .
al) dust . diameter r filter | filter | Low . c filter | of Author
dust diamet filter High
collector and pressu
collecto er pressure
battery re
r (1-3m)
type
1 2 3 4 5 6 7 8 9 10 11 12 13
Hydraulic 700- 750- 1200- 1000- | 750- 5000- 100-
| resistance, pa | 100200 200-300 1 gy | 80012501 4550 | 1600 | 1800 | 1500 | 12500 | 400 | 001000
Minimum 50-100 40-50 30-40 10-25 0,5 0,1-1 1-2 2-5 0,1-1 0,25-1 0,1-0,25
size of
collected
2 Eggﬁlgs’ 10 85 85 85 85 99 97 97 97 97 99 99
effectiveness
(%)
400 400 400 400 <80 <425 as
Maximum u E grr1 tgeist
admissible <250 . Not
3 Not limited and ..
temperature, (as per steel grade) for Just limited
°C glass .
fibers properti
es
.. Over
4 Gas low limit Over dew point Any dew Any
temperature i
point
. . Required corrosion Resistant at
Corrosion . Resistant at temperature NP
5 . Too resistant . . protection if acids temperature
resistance exceeding dew point

available in gases

exceeding dew point
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Explosion Major
and Fire Minor (hazard | Minor Minimum Major | Minimum
Hazard ous
Relative cost
of cleanup of 1 1,5 2 3 3-3,75 2,5-4 7-10 | 2,5-5 5-15 7-15 1-2,5
1000m>gas
Main settling 7
. at d,<3x10"m-D —

mechanism G U U U at d>3x10 " m-Stk Stk Stk Kg D; K; Stk
Dependancy
of
effectiveness 5 9 at d;<3x10"m~Cy/d; 2
from: d T Ck d T Ck at dr>3X10_7m~d2r/Ck d T Ck dr Ck n, 7...9
a) particle
size
0) at dr<3x10""m~CxT+/pir
temperature Cifpe - Cidpr at d:>3x10"m~Cx/pir n, 7.9
B) No As per device diameter and Not over | As per water supply system | Limited

. . . 3 . n,8...11
concentration | impact dust adhesion 2g/m and power consumption 50
(r/m?) (2500...15) (50...0,5)
r) humidity Compli

. . o No cated
upon . Discharge might be | Fiberis | Improve | . . Improves
No impact . . impac No impact dust .

condensate of complicated clogged | s settling : remova settling
water vapors 1
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3. CONCLUSIONS

The paper is a comparative analysis between the existing dust collector and designed one
with capillary porous structure with controlled geometry of micro-channel.

The proposed simplified design, reduced amount of material in production, reduced power
consumption for performing the air transfer, foam forming solution and steam generation are
the reasons for reduced implementation costs of the proposed foam generators and dust
collectors. Furthermore, consumption of foam forming solution is reduced, and efficiency of
devices is increased due to the automatic reasonable correlation of components under different
operational modes of dust cleaning equipment.

Last but not least, the suggested aero-hydrodynamic constructive diagrams of nozzle-free
foam generators and dust-and-gas collectors on capillary porous structure meet the operational
sanitary requirements, safety in operations of different industrial equipment, easy-to-
manufacture and easy-to-operate.
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APPLICATION OF ECONOMIZER IN BIOMASS BOILER HOUSE IN
BORYSPIL AIRPORT: CASE STUDY

Sofiia Heletukha', Lead engineer, Master's degree
ABSTRACT

Installation of economizer allows recovering significant part of physical and latent heat and reduce
greenhouse gas and dust emissions in flue gases. Energy and ecology efficiency increment calculations
for the 5 MW biomass boiler house in Boryspil Airport are described in this paper.

1. INTRODUCTION

According to the International Energy Agency, in preventing the global temperature
increasing on the Earth more than to 2°C, concerning to the preindustrial period, the most
important role in reducing CO2 emissions in the period up to the 2050 will be playing energy
efficiency (40%) and renewable energy (30%). Energy efficiency in biomass boiler house
concerns both and that's why is actual nowadays.

According to the Energy Strategy of Ukraine until 2035 [1], Ukraine is going to reduce
fossil fuels consumption and increase the share of renewable energy sources in the total primary
energy production from 4% (in 2016) to 25% (in 2035). In recent years, biomass sector has
accounted for about 80% of renewable energy in the country and is based mainly on utilization
of woody biomass in heat generation: wood logs and wood pellets mostly for population and
district heating, wood chips and residues mostly for industrial purposes, public heating and
power production [2].

There are different energy loses in biomass boiler houses. Among them: loses due to
chemical and physical incompleteness of combustion, loses by fencing structures etc. But most
of the energy loses in a boiler are because of the high temperature of the flue gas. Boilers
generally can lose 20% of heat of combustion. Thanks to the flue gas condensers boilers can
recover up to 50% of this heat loss [3]. Therefore, recovering the waste heat from flue gas is a
major area to increase the thermal efficiency of plants.

Average moisture content of wood chips used in the biomass boiler house is
40-60%. When combustion process starts, the fuel is heated up and water from the fuel starts
to evaporate. Evaporation requires energy and this energy together with wet flue gases is
released in atmosphere and is wasted. Part of this energy can be recovered if wet flue gasses
are directed through a technical device called economizer.

2. OBJECTIVES OF THE PROJECT

Municipality owned district heating company supplies district heat for
consumers in Boryspil Airport. Among the heat users there are terminals, public
buildings and commercial buildings. The company owns and  operates
three boiler houses. Average efficiency of boiler houses is 85%.

In this boiler house there are six boilers with the total installed heat capacity 27 MW: five
natural gas boilers (with total capacity 32 MW) and one biomass boiler POJ INKA 5000 (with
5 MW capacity).

The POJ INKA biomass boiler is operated to cover peak loads. The natural gas boilers are
used to cover the base load and as back-up in case of emergency situations.

Economizer type Enerstena CEB 1000 (Figure 1) is installed in biomass boiler house.

nstitute of Engineering Thermophysics of NASU, Zhelyabova 2a street, tel.: +38 044 456 94 62,
e-mail: sofiia.heletukha @biomass.kiev.ua;
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Figure 1: Economizer Enerstena CEB 1000 in biomass boiler house in Boryspil Airport

Flue gases through the inlet pipe are introduced in the condenser. First nozzle circuits are
located in the pipe. In the first step flue gases are cooled to temperature that is acceptable to
condense heat in the second part. Solid particles in fuel gases (still left after gas treatment in
the cyclone) are caught in the first nozzle circuit. The previously cooled flue gases are then
injected in the second part of the condenser. Gases are moving from the top to the bottom inside
the pipes and water is injected in intertubular space and moves towards gas. The purpose of the
second step is to perform deep cooling of flue gases and steam condensing. Consequently the
temperature of water injected through the second nozzles shall be as low as possible. The useful
heat from the condenser is then returned back to district heating system.

The objective of this project is to increase the efficiency of biomass use by installation of
economizer in biomass boiler house in Boryspil Airport.

3. ENERGY EFFICIENCY INCREMENT

The calculations are based on the following initial data:

type of economizer: Enerstena CEB 1000,

type of biomass boiler: POJ INKA 5000 (with nominal capacity 5 MWth, actual
capacity is 60% from nominal capacity),

fuel: wood chips, The moisture content in the fuel is between 40-60% (for further
calculations the moisture content of wood chips were assumed 40%);

return water temperature 40°C,

flue gas temperature 100°C,

no combustion air humidification is applied.

Heat loss and energy efficiency are calculated for low heating value (LHV) and high
heating value (HHV) for wood-chips-fired boiler POJ-INKA 5000 (Table 1) and system “wood-
chips-fired boiler — economizer” (Table 2).

Table 1: Thermal efficiency of wood-chips-fired boiler POJ-INKA 5000

LHV HHV Unit
with exhaust gas qz 5,92 20,4 %
with chemical combustion 0,85
A g3 %
heat incompleteness 1
with mechanical combustion 1,27
loss |, q4 %
incompleteness 1,5
with external cooling gs 0,35 0,3 %
with ash heat de 0,1 0,09 %
total heat loss 2q 8,9 22,9 %
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efficiency factor n 91,1 77,1 %
fuel consumption with nominal capacity] B [0,537| kg/s 1933,2 kg/h
fuel consumption with actual capacity B, [0,316| kg/s 1137,6 kg/h
Table 2: Thermal efficiency of system “wood-chips-fired boiler — economizer”
LHV HHV Unit

with exhaust gas q2 -6,25 8,7 %

with chemical combustion 0,85

. q3 %
heat 1nf:ompletene?ss ‘ 1

with mechanical combustion 1,27
loss | q4 %

incompleteness 1,5

with external cooling gs 0,35 0,3 %

with ash heat de 0,8 0,68 %
total heat loss >q -2,6 22,9 %
efficiency factor n 102,6 88,2 %
fuel consumption with nominal capacity| B 0,47 kg/s 1692 kg/h
fuel consumption with actual capacity B, | 0,28 kg/s 998 kg/h

By establishing a economizer:
= the amount of heat losses with exhaust gas decreases, which leads to increase of efficiency
of the system. Efficiency factor increased — by 11%, from 77% to 88% (by HHV) and from
91% to 103% (by LHV).
* Fuel savings:
— with nominal capacity — 5000 kW): 241,2 kg/hour;

— with actual capacity — 2944 kW): 129,6 kg/hour;
= with a constant fuel consumption in the system "boiler-economizer", the amount of useful

heat used in it:
— with nominal capacity — 5000 kW): 5,7 MWth;
— with actual capacity — 2944 kW): 3,35 MWth

4. ECOLOGY EFFICIENCY INCREMENT

The main pollutants formed during the energy use of biomass are nitrogen oxides (NOx),
carbon monoxide (CO), sulfur oxides (SOx), and solids calculations are shown in the

Figures 2,3.
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Figure 2: NOx, CO, SOx pollutants in wood-chips-fired boiler POJ-INKA 5000 flue
gases, g/hour
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Figure 3: Solids pollutants in wood-chips-fired boiler POJ-INKA 5000 flue gases in
different variants of cyclone and economizer installation, g/hour

Consequently, when burning wood chips in a 5000 kW biomass boiler, emissions of
nitrogen oxides (NOx), carbon monoxide oxides (CO), sulfur oxides (SOx) are acceptable,
and emissions of solids particles:

- without installing of cyclones and an economizer - are higher than the permissible norm:

- with the installation of cyclones, but without the establishment of the economizer - are
higher than the permissible norm:

- from the installation of the block of cyclones and the economizer - are permissible.

S. CONCLUSIONS

As aresult of above analysis the key conclusions could be formulated as follow:

Installation of economizer allows:

— to increase overall efficiency and reducing wood chips consumption by 241 kg/hour
(with nominal capacity) and by 129,6 kg/hour (with actual capacity)

— to increase efficiency of the system. Efficiency factor increased — by 11%, from 77% to
88% (by HHV) and from 91% to 103% (by LHV).

When burning wood chips in a 5000 kW biomass boiler emissions of nitrogen oxides

(NOx), carbon monoxide oxides (CO), sulfur oxides (SOx) are acceptable, and emissions

of solids particles:

— without installing of cyclones and an economizer - are higher than the permissible
norm:

— with the installation of cyclones, but without the establishment of the economizer - are
higher than the permissible norm:

— from the installation of the block of cyclones and the economizer - are permissible.
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ABSTRACT

Economic viability of a biogas plant depends mainly on the energy efficiency of combined heat
and power plant, cost of fuel and green certificates and heat demands and price. When there is not heat
demand, one way to maintain the plant economic efficiency is to use the heat for electricity generation.
This can be done by combination of prime mover with steam or organic Rankine cycle (ORC) engine.
A biogas-fuelled gas turbine combined with ORC cycle for a biogas plant with capacity of 210 Nm?/h
can increase the electric efficiency to 49% from 40.6%, the electric efficiency of gas turbine CHP
plant. The investment cost can be recovered in 4.1 years.

1. INTRODUCTION

The number of biogas plants for the treatment of wet livestock wastes, from
wastewater treatment plants and landfill gas recovery is increasing in Europe and worldwide
due to the advantages of biogas use: biogas can be stored for later use; if converted into
electricity and/or heat, biogas plants reduce greenhouse gas (GHG) emissions, with reducing
of waste amount and generating valuable fertilizer; it can add energy independence, and hence
value, to the region where it is used and boost employment [1, 2, 3]. There were 17240 biogas
plants in Europe in 2015 with a production of about 0.57 EJ or 45% of world production [1].
The energy, environmental and economic performance of a biogas plant depends on the
overall energy efficiency of biogas plant and on how it is used the excess heat from biogas
plant [1].

Most biogas plants use a combined heat and power (CHP) system to convert biogas on
site into electricity and heat. A CHP system converts (35 — 40)% of the energy contained in
biogas into electricity and (40-45)% into heat. The heat is used to control the temperature of
the anaerobic digestion and for space heating of administration building and what remains is
sold. The excess heat that is not used compromises the economic performance of the biogas
plant. There are many biogas-fuelled CHP technologies, such as internal combustion engines,
gas turbines, steam turbines, Stirling engines, fuel cells and combined cycles.

The most widespread technology in USA in 2014 was gas turbine technology with 64%
capacity share, followed by steam turbines with 32.1% and internal combustion engine with
2.7% (over half of the CHP systems in place) [4].

Among these technologies, internal combustion engines show high power efficiency at
part-load operation, relatively low investment cost and operation on low-pressure gas, high
maintenance cost and need of cooling. The gas turbines achieve the highest electric efficiency
when operating in combined cycle, they need not cooling but require high pressure gas (or gas
compressor) and have poor efficiency at low loading. Steam turbines can use a large variety
of fuels, have long working life, but have very low power to heat ratio. Fuel cells have low
emissions and noise, high efficiency over load range and are less widespread due to the high
investment cost and the necessity of fuel processing. Stirling engines are considered as the
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most promising technology for micro-CHP applications due to their characteristics of low
emissions, high efficiency and reliability. They are still in the “early adaptors” phase due to
relatively high costs [5, 6, 7].

Gas turbines are a commercial technology in biogas applications with capacity in the
range of 25 kW to above 500 kW. The performance is highly influenced by two parameters:
the pressure ratio and the firing temperature. The thermodynamic efficiency increases with the
increase of compression ratio, which is dependent on the design. Gas turbines for power
generation can be either industrial (heavy frame) or aeroderivative designs. Industrial gas
turbines have lower pressure ratios — typically up to 18:1. Aeroderivative gas turbines operate
at higher compression ratios — up to 30:1, offer higher efficiency and lower emissions, but
have higher initial (capital) costs. The efficiency increases also by augmentation of the
temperature at which the turbine operates (firing temperature). However, this temperature is
limited by the maximum allowable temperature of the turbine blade metal alloy. It can be in
the range of 1200°C to 1400°C, but can reach 1600°C when blade coatings and cooling
systems are used. The energy conversion efficiency of a simple cycle gas turbine power plant
is typically about (30-40)%. By recovering the heat remained in the exhaust gas leaving the
turbine at 600°C, to produce more useful work in a combined cycle configuration, gas turbine
power plant efficiency can reach (66 — 71)% [9].

In this study, energy and economic assessment of a biogas-based gas turbine system with
preheater and waste heat recovery is performed. The effects of waste heat recovery on the
energy and economic performance of a plant are studied.

2. METHODOLOGY

In the work, a gas turbine system for a biogas plant with capacity of 210 Nm?/h was
considered. For waste heat recovery were chose the simple way of recovery in a heat
exchanger and recovery in an Organic Rankine Cycle to generate electricity. The energy
simulation and optimisation was performed by using the Cycle-Tempo Release 5.1.5 software
in combination with the FluidProp software package, both developed by the Delft University
of Technology and by TNO, the Dutch Institute for Applied Research [10]. The system
configurations and energy assessment are given in Figures 1 and 2. The main thermodynamic
parameters of system are the following: pressure ratio 18:1; gas temperatures at the turbine
inlet 1600°C; air fuel ratio 22.38; gas temperatures at the turbine outlet 600°C; gas
temperatures at the stack 120°C. The working fluid for the ORC system was selected toluene
because it is most suitable for the thermal level of waste heat of gas turbine system.

In addition to energy efficiency and environmental performance, economic performance
of the energy systems is also important. The studies on internal combustion engine CHP
system fuelled by biogas have shown that the cost of fuel and green certificates are the most
important factors for economic viability of the system [11]. Study on a CHP plant based on
gas turbine using co-firing natural gas and biogas concluded that economic of the plant is
affected greatly by changes in fuel combination. Economic analysis of CHP and Combined
Cycle based on a 5 MW biogas fueled gas turbine, economically conducted with fixed fuel
composition concluded that CHP is generally more profitable especially at high heat demands
and prices [11].

The investment costs of a gas-turbine CHP plant ranges from 744 €/kWe to 1260 €/kWe,
with a typical cost figure of 825 €/kWe. The annual operation and maintenance (O&M) costs
are approximately 33€/kWe. The investment costs of a high temperature ORC module range
from 1000 €/kWe for 2 MW output to 3000 €/kW for 150 kW output [12, 13].

The energy and economic characteristics of both systems are given in Table 1.
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Table 1. Energy and economic features of the biogas-fuelled gas turbine systems.

System . Gas turbine combined
Parameter ’ Gas turbine CHP system with ORC system
Investment costs, € 1032500 1214220
O&M costs, €/year 20000 25440
Electricity output, kWe 527.88 637.29
Heat output, kW, 486.14 367.79
Hours of plant operation, hrs/year 6000 6000
Electricity cost, €/kW. 0.12 0.12
Cost of green certificate, €/MW. 10 10
Payback period, years 3.5 4.1

3. CONCLUSIONS

A gas turbine system with preheater associated with a biogas plant with capacity of 210
Nm*h was simulated and optimised, by using the Cycle-Tempo software, for two
configurations of heat recovery: in a heat exchanger and in an organic Rankine cycle system.
The electricity output for the second configuration increases by 29% and the heat output
decreases by 25%. For given cost of electricity and green certificates, the investment costs are
recovered in 3.5 years in first case and 4.1 years in the second case.
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ABSTRACT

Because of the growing environmental awareness and the ratification of the Kyoto Protocol,
combined heat and power receives again more attention as a way to contribute to the reduction of energy
use and emissions. Buildings account for 40 % of total energy consumption in the European Union. The
sector is expanding, which is bound to increase its energy consumption. Nowadays, micro-cogeneration
systems became a true and good solution to sustain the energy demand of industrial and even domestic
buildings. Them are operating between 0 kWh — 50 kWh. The district heating set up with a cogeneration
system, concurs to attain energetic, economic and ambient benefits. It also provides to citizens a new
service. The project strategy is based on the idea of supplym% a portion of the necessary thermal power
through a combustion alternative engine in cogeneration modality

1. INTRODUCTION

Cogeneration system is an ultimate technology, which can reduce energy cost and
improve the efficiency. The CHP system can provide both type of energy, electrical and thermal.
The benefits of this type of technology are worldwide know:

a) Increase efficiency of resources use: It is the most efficient technology in conversing the
fuel power into electrical and thermal energy, reaching approximatively 30% energy
savings, compared with separately production of those two types of energy.

b) Reduce of carbon foot-print: Cogeneration is a technology with reduce carbon emissions,
having the potential of reducing, up to 30% of emissions for fossil fuels or 100% when
you are using renewable sources of energy (biomass, biogas, etc.)

¢) Compatible solution with solar panels: This type of systems, CHP, can produce electricity
in a constant and flexible way, even in winter periods during the night, when the solar
panel system that are in stand-by, or when them are producing energy intermittently.

d) Safety of energy supply: This system may be used like a safety supply power plant, in
this way it is improved the energy supply system, in some cases additional components
are needed and other operational standards.

e) Plug and play: CHP systems are make part from the few energy savings technology,
which can deliver heat at high temperature (more than 80 Celsius degree).

Usually, between 85 and 95 % from primary energy consumed by the cogeneration power
plant, it is transformed in useful energy, which show us high efficiency, compared to other
conventional systems. For this technology to be feasible form economical point of view, it is
necessary that the CHP system should be operated 14 hours per day or 5000 hours per year.

Electical energy
Generaor

5%
Elegitrical Energy

Figure 1.2. The schematic diagram of a cogeneration system (internal combustion engine)
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So, if you want to adopt this solution to produce energy, to the detriment of conventional
systems will go to these consequences:

a) Low cost for electrical energy purchase (decrease the electrical energy
purchase from grid, savings with regular taxes on distribution network and
other electrical taxes)

b) Extra incomes from incentives linked to cogeneration systems

¢) The opportunity to offer system services to electrical energy operator

d) Improvement of carbon foot-print, reducing the environment pollution

Cogeneration or CHP units of 5-50 kWe are commercially available on the market. Most
of these are based on reciprocating engine technology (gas engines), but also a few small
appliances based on gas turbines can be found. They have a power-to-heat ratio of approximately
1:2, and the heat output of these units will generally then be within 15-120 kW. Internal
combustion engines (ICE) dominate the market, but gas turbine is also a possible technology.
The gas engines are spark ignited (Otto cycle) and operate either close to stoichiometric
conditions allowing three-way catalysts to be used for emission reduction or are designed for
lean-burn operation.

Often the system comprising a CHP unit also includes heat storage and additional boilers.
The heat storage has several purposes, and the boilers are used for the heating demand when it
exceeds the CHP heat output. To achieve the best electrical production efficiency and to benefit
the most from the investment, the CHP units should (if possible) be operated at full load and for
many hours per year. This means a sort of base load operation seen from a heat supply point of
view. Ordinary and less costly boilers must then cover peak load heating periods or periods with
low value for the electricity produced.

It is clear that the different technologies show a wide range of electric efficiency where
the commercially available technologies, such as the Stirling engine unit and the combustion
engine units, are less efficient. Fuel cells for micro CHP purposes are still in the development
and field test phase, except for Japan where they have been available for everybody since 2009.
The energy balance for single-family houses in north-western Europe (UK, the Netherlands,
Germany and Denmark) with an annual demand of approximately 5,000 kWh electricity and
17,000 kWh heating and hot water is roughly as follows: The micro CHP unit (nel=30%)
produces 5,000 kWh electricity, of which half is exported to the grid, and 10,000 kWh heat to be
used for heating and hot water.

2. HOW TO SELECT CHP SYSTEM FOR AN EXISTING BUILDING

Initiating a CHP evaluation is a decision that requires careful consideration. Key-aspects
of this part of the process are as follows:
a) There must be a belief that the evaluation can lead to a viable project.
b) The evaluation must be properly planned.
c) It must be recognized that the evaluation will require investment in terms of
both time and resources.

The CHP evaluation process tends to develop over time, the results of one stage defining
the needs of the next. Hence, it is difficult to predict accurately the skills required. The initial
feasibility study can often be completed with relatively low levels of overall input.

An organization cannot always meet the CHP evaluation requirements from its available
in-house resources. It is then appropriate to consider calling eternal expertise to support or carry
out the work.

An initial feasibility study is mainly a desktop exercise designed to provide an estimate of
the cost savings and financial returns that can be achieved by installing an appropriate CHP
plant. The study does not need to be excessively long or complex, but is must be carried out
thoroughly by someone who has the right evaluation skills and engineering knowledge.

2.1. ASSESSMENT OF SITE ENERGY

Demands: It is important to carry out the initial feasibility study using the best possible
assessment of the site’s future energy consumption. Past consumption data, which can be
obtained from site utility bills, usually provide a good indication of future demands, but it is also
important to take site-specific factors into account.
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Efficiency of energy use: It is important to ensure that energy is used as efficiently as

possible. Future changes in site energy demands. Most sites undergo changes in energy use and
equipment over relatively short periods of time, so a CHP plant must be assessed not only
against present energy demands, but against those anticipated for the future. Use of heat to
replace electricity. There may be opportunities to replace electrically driven refrigeration plant
with heat-driven refrigeration plant that operates on an absorption cycle. This approach may be
particularly relevant where older electrically driven plant 1s due for replacement, or where
cooling and heating demands are seasonal and do not usually occur simultaneously.
Timing of demands: Since CHP produces heat and power simultaneously it is essential to
consider the extent to which the site has concurrent heat and power demands that can use the
outputs of a CHP installation. This requires a time-based assessment of the site’s energy
demands. For the purposes of the initial feasibility study, it is sufficient to consider site
consumption over a one-year period, subdividing this period into a time bands, according to
actual site demand conditions.

This split would typically be based on distinction between:

a) Daytime and night-time.
b) Weekday and weekend.
¢) Summer and winter.

The site supply data required include:

a) The number of hours of the year allocated to each time period. This should
total 8,760, thereby representing demand over a full year.

b) The average site electricity demand in kW for each time period.

¢) The average site heat demand in kW for each time period.

d) The average cost per unit of electricity consumed in each time period.

e) "{;he quantity of fuel consumed on-site to provide the heat demand identified
above.

f) The cost per unit of the fuel identified above.

The data can be used to make an initial assessment of the annual cost of meeting future
site energy demands. These are the costs that a CHP plant would reduce by supplying the energy
requirements more efficiently.

2.2. SELECTING CHP PLANT

Once the energy and cost data have been collected and tabulated, the next stage of the
initial feasibility study 1s to select a potentially suitable CHP system. As a minimum, information
obtained should include:

a) Electrical output, which should include data relating to the power
go?sur(rilption of the CHP plant’s own motors etc., so that the net output can be

efined.

b) Heat output that can be recovered for use on-site, including data on the
temperature and flow rate of the fluid in which the heat is contained.

¢) Fuel consumption of the equipment, taking care to ensure that this can be
expressed in gross calorific value terms.

d) The cost of supplying and installing the equipment.

e) The dimensions and weight of the equipment.

f) The approximate cost per kilowatt hour (kWh) generated that should be
allowed for servicing and maintaining the equipment.

g) Any essential auxiliary items that are not contained within the scope of the
equipment.

Sizing on heat demand will maximize energy and environmental savings. Depending on
the heat to power ratio of site energy demands, sizing to match the heat requirement will result in
a scheme that may offer a surplus of electricity generation (eg. during the night) or may require
top-up electricity supplies (eg. at times of peak electricity demand). The economics of exporting
the electricity then becomes a key issue in determining economic CHP plant size.

Before sizing a CHP scheme around the thermal load or power requirement it makes
sense for prospective sites to consider carefully all possible energy efficiency
investments/measures that could reduce the overall heat and electricity requirements. Only when
energy efficiency has been maximized should the CHP scheme be finally sized.
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3. CASE STUDY

In the present study, we integrate and do the economic optimization of a micro-CHP
system, composed of prime mover, fed by natural gas (NG), a TES and 3 heating boilers
producing heat during the cold season, for a Hotel situated in Romania, city of Predeal. Two
heat-led operational strategies have been implemented in order to evaluate the operation
scheduling that maximizes the revenues for the energy cogeneration with respect to the separate
generation. The first strategy limits the prime mover production to the user DHW request and the
heat request it is covered by the heating boilers, while the second novel the prime movers try to
cover all the heat request and the electrical energy produced in excess by the PM, it is feed into
the grid. The analysis of the micro-CHP system has been realized using an algorithm developed
by me and my coordinator, Linda Barelli, in Microsoft Excel. Next step it is to collect the data
about the building. We start with the configuration of building and then the energy consumptions
on the past year.

3.1. CONSTRUNCTION DETAILS

The Hotel it is formed by basement, ground floor, and four floors, which has 20 double
rooms, a restaurant, a kitchen and a terrace. Our survey it applies for the Hotel without the
terrace. For terrace, we assume a fixed consume at full house and then variates simultaneous
with the occupancy level of the Hotel. It has t?e following characteristics:

Surface of windows area = 478.04 m~.To obtain the surface of walls, we first calculated
the hole exterior surface of hotel aznd decrease the windows area calculated upper, in this way we
have the Eesult, S was=801.96 m~. In addition, we determineczi the horizontal areas, S 1orizonta=
478.04 m~. Useful volume to heat, has this value V= 2058 m”. With all of this initial data and
regulative regarding the thermo-technical calculation elements of buildings construction type, C-
107/2005, we determined the global thermal insulation coefficient.

G—1 T + 0.34
- — % — . 3
(R’m) "

Where: G - global thermal insulation coefficient
V — Useful volume need to heat
A — Built area of building
R’m - The average corrected thermal resistance of a building element on the whole building
T - The correction factor for outdoor temperatures, and it is 0.9 for our case
n - the ventilation speed or the number of air exchanges with the outside per hour, in our case has
a value of n = 0.756.
The values for T and n, are taken form the regulative C-107/2005, related to the building
characteristics.
Global thermal insulation coefficient = 2.000

3.2. BUILDING ENERGY CONSUMPTIONS ON THE PAST YEAR (2016)

Natural gas consumptions are obtained when the heating request, it is covered just by
boilers and the electricity it is bought from grid. We took in consideration the terrace
consumption, because both buildings are measured by the same gas meter. Applying the same
algorithm to terrace in determining the gas consumption and sum it with the gas consumption
determined for the Hotel, we could compare with the values recorded on bills, and have accurate
results using the algorithm, with a total gas consumption of C = 547,819.21 kWh/year. We split
the year in two seasons, the cold one, from September to April, and the hot one from May to
August, and during the cold season we consider the interior temperature it is divided in 2 values,
22 Celsius degree between 6 AM — 10 PM and 18 Celsius degree between 11 PM - 5 AM.
Electrical energy consumption has been recorded hourly during the entire year.

3.3. SYSTEM DESCRIPTION

The MCHP unit is the “XRGI 15” marketed by EC-POWER. An XRGI system consists
of three main components — the Power Unit, Q Heat Distributor and the iQ Control Unit. The
MCHP unit’s built-in generator provides a maximum electrical output of 15 kW, which,
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alternatively, can be modulated to 11.3 or 7.5 kWel. In the work presented here, the MCHP unit
was operated at according to two scenarios. The corresponding steady state thermal output of the
MCHP unit is 30.6 kWy,, while it is 25.8 and 20.6 kWy, for the modulated output levels. The
built-in generator of the MCHP unit generates electricity at 230V and 50 Hz. The MCHP unit is
fully integrated into the building’s electrical network. Generated electricity can therefore either
be consumed or fed back into the public grid. Thermal energy from the engine is recovered via
the engine cooling air, the exhaust gas and the engine oil. Furthermore, heat removed from the
air-cooled electric generator is also recuperated. A single supply line discharges thermal energy
from the MCHP unit to the TES system and a single return flow line connects the TES tank with
the MCHP unit.

The peak boilers are connected in a common distributor with the flow lines from MCHP
unit/TES. The DHW flow circuit is also physically separated from the heating system and heat
exchange between the two flow circuits 1s taking place within another two TES via a built-in
single straight-tube heat exchanger. In the primary circuit which is common with the heating
circuit works with the following temperatures, goes to the user with 80 Celsius degrees and
return with 60 Celsius degrees, this applies to the heat exchangers for DHW too. The secondary
circuit, which is the circuit for DHW it is working between this temperature, enters the circuit
with 10 Celsius degrees from supply system and goes up to 60 Celsius degrees for user request.

Table 3.3.1. ICE XRGI 15 technical data

EC Power XRGI 15
Power modulation 50 75 100 %
Electric output modulating 7.5 11.3 15 kW
Thermal output modulating 20.6 25.8 30.6 kW
Power consumption gas, in accordance with Hi 30 40 49.5 kW
Electrical own demand production 0.054 0.056 0.056 kW
Electrical own demnad, stand by 0.025 kw
Electrical efficency, in accordance with Hi 25 28.1 30.5 %
Thermal efficiency, in accordance with Hi 68.7 64.5 61.8 %
Total efficiency, in accordance with Hi 93.7 92.6 92.3 %

The TES system, which is also supplied by EC POWER, is a 957 L, sensible heat storage
system containing water as the storage fluid. It has a maximum thermal capacity of
approximately 22.6 kWhy,, max pressure 6 bar, and max. temperature 95 Celsius degrees. For
simulation, we"ve took the volume 1000 L, equal to 23.26 kWhy,.

The three boilers are manufactured by the same supplier Buderus, the model is Buderus
Logan Max Plus GB162-100, with the efficiency of 98% and a load of 94.5 kWy,.

3.4. FIRST SCENARIO

Using the MCHP system to cover just DHW request and the boilers taking care of the
heat request.

Regarding the thermal energy balance, we see a drop of 20% of gas consumption. The
total electrical energy produced by MCHP represent like 5% from Hotel s request. During an
entire year, the overall cost drops with aprox. 10%. This NPV calculation show us the period of
investment return. And according to this scenario it is 11 years, and usually the manufacturer
gave us a life-time of MCHP from 10 to 15 years, so is not a good way to operate the
cogeneration system like this, in addition the number of operating hours it is aprox. 2500.

3.5. SECOND SCENARIO

Using MCHP to cover the heat and DHW request with the help of Boilers.

In this case the overall gas consumption has a drop with just 9%, but the electrical energy
production has been increased with 21.5% from overall consumption and we have periods when
can sell electricity to grid or to storage. The total cost of both energy in this case it is aprox.
55.000 euros, which represents a drop from the initial cost of 17 %. Results of this scenario show
us that the investment return it is possible in 5 years, the net annual savings it is almost 10.000
euros and the number of operating hours it is aprox. 5500.
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4. CONCLUSIONS

Having as reference the past year consumptions, we get the following results, the annual
cost for both energy it is around 66.000 euros, and in separate values we have 21779.63 euros for
thermal energy, representing 33% from total cost. Electrical energy it is 43941.12, representing
67% from total cost.

Doing the simulation according to scenario 1, we obtained an annual cost of almost
60000 euros, which means a reduce of 10% from overall cost, reduce of 20% from gas cost and a
reduce of 9% from energy cost. Given the balance of thermal and electrical energy from
reference year and the fact that we want the production of electrical energy to be maximized, the
result doesn’t fit to us. In addition, the investment return, it is too high, 12 years, because the
manufacture give a life time to the ICE from 10 to 15 years.

Following the results of scenario 3 simulation, we have a reduce of 17% from overall
annual energy cost. If we check the gas cost, we see that, it is a small drop comparing to the first
scenario where we had 20%, being just 9% from annual gas cost in this case. Electrical energy
production has increased from 5% in first case to 21.5%, which give us an investment return in
only 5 years.

Making an analysis of the obtained results, the best way to operate the MCHP system it is
the second scenario, trying to maximize the electrical energy production, which gave us high
annual savings.
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ABSTRACT

To design a thermal energy storage system (TES) it is necessary to identify a reversible process
which can exchange large amounts of thermal energy per unit of volume and mass. From aggregation
state point of view, liquids are used, because gases had low density requires large volumes. Solids can’t
be used as link agent between thermal energy source and storage systems or consumer. From a
quantitative point of view, thermal energy storage processes allow energy on discharge to be comparable
with the one received by TES at the charge. From a qualitative point og view, charge/discharge of TES
can be done at low thermal levels differences (low exergy reduction), as well as to high thermal level
differences (high exergy reduction). The energetic efficiency is good at TES, but in systems that requires
to use mechanical work we have to consider the exergetic efficiency.

1. INTRODUCTION

Thermal energy storage systems are useful when source/consumer has important
variations of producing/requesting heat. For example, this type of situation appear when:
1. Heat sources are flashing:
e Industrial flashing processes;
* Solar energy production (renewable energy sources);
e Heat production from primary energy has important flashing variations
(biomass, biogas etc.)
2. Heat/cold consumer is urban:
* Heat request for domestic water is low (minimum during the night);
* Heat request is high during the night for heating;
* (Cold request has an important grow (maximum during the day).
3. Electrical energy peak (possibility to sell electrical energy on a high price) it is
different of thermal energy peak.

2. SENSITIVE HEAT STORAGE

In thermal storage systems that are using sensitive heat, storage media could be: liquid,
(water, oil, melted salts, etc.) or solid (rocks, minerals, ceramic, etc.) Hasnain, (1998). Stored
heat (Q) (1.1) is direct proportional with used media weight (m), average heat specific mass of
used media at constant pressure (cp) and temperature difference (AT = T - T;) between final state
(T¢) and initial state (T;).

Q=[ m-c,dT =m-c, (T = T;) =m-c,- AT (1.1)

Q = the amount of stored heat, K]
m = storage media weight, kg

¢, = heat specifc mass, average, of storage media, —
T; = initial temperature of storage media, K &
T¢ = final temperature of storage media, K

Increasing the temperature of media storage will grow the sensitive stored heat. We want
to have a high specific heat, establishment on long term in thermal cycle and a reduced price
[Hasnain, (1998)], this could be reported to kg or to kWhy, of thermal stored energy. Considering

that mass (m) is the product between density (0) and volume (V) (1.2), a huge mass of stored
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media could represent a huge volume, wich increase investment into the tank and also in thermal
insulation of it, increasing at the same time the surface of occupied filed.
m=p-V (1.2)
where: p = den51ty, — V = volume, m3

Storage media should be a good thermal conductor, so it should have an high thermal
conductivity (A), to allow an fast heat tranfer during charge/discharge process.

Therefore, is a need to choose storage media having high values for:

- density (p);
- specific heat mass, average, of storage media(c,);

- stored heat per volume unit (storage density of thermal energy) (—)

- thermal conductivity (A).
Other characteristics that we chase when we are chosing media used in storage systems:
- stabile at working temperatures;
- low corrosion in contact with materials;
- low price;
- high degree of marketing;
- low toxicity, non-explosive and environmentally friendly.
From equations (1.1) and (1.2) we obtain (1.3) si (1.4):

Q=p-cp-V-AT (1.3)

=p-cy AT (1.4)
iy

where 2 _ stored heat per volume unit, — ] , or, divided by 3600,

v
The product between p and cp, is called specific volumetric heat (C) and represents the
required %uantlty of heat needed by one cubic meter to increase it's temperature by one Kelvin

m
C=p-c (1.5)
ﬁerefore storage density of thermal energy is linked to the specific volumetric heat (C),

wich characterized the storage media properties from the point of view of heat storage and AT
(1.6):
§ =C-AT (1.6)

In sensitive heat storage applications, the energy is stored by changing the storage media
temperature used like water, air, oil, rocks bricks, sand or soil.

Any storage media has it's own advantages and disadvantages, however the greatest
continues to be water, because has a low price and a high specific heat. Yet at over 100 °C
temperatures, are used oils, melted salts and liquid metals, etc. Into heating applications of air are
used type materials ,,rock bed” [Sharma, s.a. (2009)].

3. THERMAL STRATIFICATION

Observing density variation with temperature (Figure 3.1) it can be notice that when the
temperature is raising, value of density is dropping, therefore, into one tank, areas of low density
(which have high temperature) will be situated on top of the tank, while at its base will be the
one with higher density (and low temperature). This separation is natural, and between those two
extreme areas will take shape a third area, called thermoclina (Figure 3.2). Thermal stratification
is much more efficient if this third area has a small stretch. This thing happens when are not
outside factors (like the mixing into tank of the storage media). In this way will be formed, two
tanks of constant temperatures, but different; The separation being made by the thermoclina,
which will have a very temperature gradient high (Figure 3.2.a). In case we have external
disturbing factors, thermal stratification is losing its efficiency, also thermoclina will have a
higher thickness and a greater weight in the total fluid volume (Figure 3.2.b).
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Figure 3.1. Variation of water density with temperature (at atmospheric pressure)
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Figure 3.2. Thermal stratification and axial distribution of temperature in the tank.

Diffusion systems of fluid into the heat storage should be designed and located such that
may influence as little as possible thermal stratification, therefore the working fluid should have
an laminar flow regime or at most transient.

Charge/discharge of the storage system takes in consideration the thermal stratification,
such that, regardless of whether the tank is for heat or cold accumulation, the hot fluid is inserted
at the top of the battery, and the cold on the bottom of it.

The storage system involves three stages: charge, storage and discharge. The tank has 3
diffusion slots both to introduce the fluid into the tank and to remove from it. In case of heat
storage, during charging the tank (Figure 3.3.a), the hot fluid (hot water) is taken over from the
heat source (for example: thermal engine which works in cogeneration) and scattered
(introduced) in the battery at the top diffusion system, while the downstream diffusion system
aspirates the cold fluid (cold water) from the battery and drains it out of it, from the battery and
drains it out of it. During tank discharge (Figure 3.3.b), the cold fluid is taken from the circuit
and inserted into the battery through the slots located at the bottom of the battery. In the same
time, cold fluid is pulled, with the help of pumps, through the slots situated at the top of the
battery and drained out, being sent to the consumer.
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Figure 3.3. Discharging and charging of heat [http://pacifictank.net]:
4. LATENT HEAT STORAGE

Latent energy storage involves the following phase changes: solid-solid (dipping; passing
from one crystalline state to another), solid-liquid (melting), solid-gas (sublimation) and liquid-
gas (vaporization). Practically, in the solid-solid version, the materials do not turn into a liquid
state under normal conditions, they just soften or harden; it has been observed that they have
transition temperatures and latent fusion heat suitable for thermal storage applications. Promising
materials are organic solid solutions of pentaerythritol (melting point 188 °C, latent fusion heat
323 kl/kg), pentaglycerol (melting point 81 °C, latent fusion heat 216 kJ/kg), Li2SO4 (melting

point 578 °C, latent fusion heat 214 kJ/kg) and KHF2 (melting point 196 ° C, latent fusion heat
135 kJ/kg) [Garg, (1985)].

In Figure 4.1 graphically plot the temperature chart — specific enthalpy (specific thermal
power) for ice-water-steam at at atmospheric pressure, highlighting the constant temperature

thresholds when changing the phase and the amount of latent heat of melting/solidification and si
evaporation / condensation.

Temperature, °C

500 0 500 1000 1500 2000 2500 3000
Specific Enthalpy, kJ'’kg
Figure 4.1. Temperature chart — Specific enthalpy (specific thermal power)
for ice-water-steam at atmospheric pressure
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5. CONCLUSIONS

The concept of energy storage has been in place for years, but, has recently become a
research topic due to rapid technological progress in recent years. The main reasons for research
and development of storage systems are:

- the mismatch between demand and energy production;
- using intermittent sources to cover energy demand;
- high fluctuations in demand for thermal energy over short periods.

Thermal energy storage systems can be classified into three major categories: a) energy
storage systems in the form of sensitive heat, b) energy storage systems in the form of latent heat
and c) Heat storage systems in the form of chemical reactions.

Of the three categories of storage systems, sensitive ones are mature from a technological
point of view, are integrated and used around the world (For example: in Romania, cogeneration
plant CET Oradea has a heat accumulator, the storage medium is hot water at 90 ° C, water being
chosen due to its good thermodynamic properties and reduced cost).

The usefulness of the heat accumulator is to use the stored energy to cover the thermal
load peaks, resulting in fuel savings by reducing the peak boiler service life and optimally
charging power generation systems.

Water is a good storage medium because it is cheap and has a high specific heat;
however, at over temperature of 100 °C, oils are used, molten salts and liquid metals. By
increasing the storage medium temperature, the amount of stored heat is also increased.

Latent heat storage systems using phase change storage media offer high energy density
and have the potential to keep heat as a latent heat of fusion at constant temperature, which
allows large volumes of energy storage for small volumes. The main advantages of systems
using phase shift storage media are: a) high capacity of heat accumulators, relative to the storage
media mass, compared to those of heating systems that use sensitive heat and b) a low operating
temperature range. Their main drawback is given by the large volume variation specific to the
phase change.

Thermo-chemical storage systems, that has an very high potential in depositing heat, can
be used to storage and discharge on large periods of, with small losses. Reversible chemical
interaction that appears between reactive components of materials or chemical species are
essential into storage and thermal energy recovery in this process called thermo-chemical
storage. Unfortunately, applications using materials used to store the thermo-chemical energy are
at the stage of the laboratory prototype.
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ABSTRACT

The Flue Gas Analyzers perform an operation under the condensation of water vapor conditions, or
otherwise expressed, the measurements comprise the composition of the dry flue gases. The difference
between the value of a component measured in the dry flue gases and the reality assumed in the wet flue
gases is even higher as the fuel is wetter. This category includes young coal, but also solid biomass of all
categories. The paper approach the issue of the thermodynamic corrections needed to be performed on the
measured data for minimizing the deviations.

1. CORRECTION OF EMISSION DATA FOR MOISTURE

The presence of moisture in a gas stream takes up space that would otherwise be occupied
by pollutant, so the pollutant concentration expressed on a dry gas basis will always be higher
than if it were expressed on a wet gas basis [3]. In the case of measurements of the combustion
flue gas components, the flue gases are considered to be dry, the measuring apparatus allowing
condensation of the water vapor in the flue gases.

In this case, the dry flue gases will have a certain temperature, which in fact is the saturation
temperature of the water vapors, corresponding to their partial pressure.

For normal conditions, thermodynamic parameters are marked with p;, V, and T, where:

D, is the partial pressure of the components in the flue gases under normal conditions;
V, and T, represent the volume and the temperature under normal conditions.
The relationship between the parameters will be expressed by the relation:

m
pV, =—RT
0"0 ILI

where: m is the mass of pollutant;
M 1s the molar mass of that pollutant.

For measurement requirements, it can be write the relationship:

pv="1RT
U
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where:
p' is the partial pressure of the pollutant in the flue gas under the conditions of the

measurements;
V is the volume of dry gas under the conditions of the measurements.
Considering C the pollutant concentration, results:

where the ratio of the corrected concentrations C° to the measured ones C" results:

C o FT BT
C" RT, pu p T,

Thus:

I

(o :CmEyp—(’)El];
r T

Considering p_(: =P , in the end it comes to: C* =C" Dp—o Bl
P p r T
where:
D, - 1s the normal pressure;

p - is the pressure before burning.

Another method of correcting a component in the flue gases can also be achieved with the
following relationship:

CC = Cm Vgu

2
Vgu + VHzO

where Vy,, is the moisture content of the flue gases, calculated according to the components of

the dry gas analysis with the relation:
Vio = 0112H' +0,01242Wj +0,00161X\/a0 , mfv / kg

where x is the humidity of the air. For steam spraying, its share/participation will also be included

2. CORRECTION BASED ON OXYGEN CONCENTRATION

The measured concentration can be expressed by:
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_ m

m
cC"=—
Vgu Vg(; + (Am - I)Vao

The corrected concentration under standard conditions can be expressed by:

C = m = mn
‘ V‘Y’ Vgou + (Asr - 1)Va0

where :
Veu - volume of dry gas for A =1 (stoichiometric);
V? - volume of dry air for combustion of one kilogram of fuel with A =1 (stoichiometric);
A, - the excess air coefficient in the measurement conditions;

A, - the excess air coefficient under combustion conditions.
From previous relationships, it follows:

(o — m Dvg(l),t + (Am _l)vao
cm v+, -1V m
or
VO
1+{A —-1)-°
CC _ Vg(:,t +(Am _1)VLIO D: ( " )V;L
cm v +(A, -1 Ve
gu ( st ) a 1+(/1ST _1) Lz)
Vv
gu
Considering the approximation that can be made: Va0 = Vgou , results:
A
c" A,
where:
21 21

A, =—— and A, =———
21-0; ‘ 21-0;
In this situation, it follows:

: A 1-0) 21-0;
Cc = Cm mo — m 21 DZ 02 :Cm 02
A, 21-0" 21 21-0r

st

If there is a reference oxygen concentration, a correction will also be made with the already
generalized relationships in the literature.
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3. CONCLUSIONS

The paper presents considerations and calculation relationships to correct the measurements
of flue gas components in the combustion processes for real conditions of moisture and oxygen
concentration.
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ABSTRACT

The paper will present legal solutions in the Republic of Serbia related to the energy efficiency of
facilities in the sense of the Law on Energy and the Law on Planning and Construction of Facilities of
the Republic of Serbia and applicable regulations and standards in the subject area. Special attention
will be paid to the preparation of documentation for the construction of new facilities, but legal
solutions will be presented to increase the energy efficiency (EE) of existing facilities. The energy
efficiency (EE) of projects for the construction of new facilities should be identified as a primary
objective and with the application of cost-effective measures and methods for increasing energy
efficiency (EE) through the use of renewable energy sources (RES) and their application in facilities
or technical and technological systems that are being built together with facilities lighting, water
supply, heating water, heating, cooling, ventilation and air conditioning systems, etc.).

1. INTRODUCTION

Increasing the quality of life and the development of new technologies has also increased
human energy needs, which are largely ensured by combustion of fossil fuels (oil, coal,
natural gas, etc.). For the needs of households in the Republic of Serbia, thermal energy is
mainly obtained by transforming the chemical energy of a fuel (combustion) into heat energy.
In coal-fired power plants, about 60% of total electricity is generated. The disadvantages of
using fossil fuels are their limited quantity, and accelerated consumption, while combustion
products significantly pollute the environment. In the process of vigorous oxidation of fossil
fuels as combustion products, water, carbon dioxide, hydrocarbons and other materials
contained in fuel appear, and they represent significant potentials in terms of pollution of the
environment, acid rain, and global warming. In order to solve these problems, the decisive
role may be to reduce the use of fossil fuels in the process of obtaining other energy resources
that are used in households as well as in the industry.

Measures that can significantly reduce the use of fossil fuels can be classified in several
areas:

1. education, informing and combining incentive measures by state authorities of the Republic
of Serbia, drafting laws, regulations and standards;

2. the use of renewable energy sources to the maximum extent possible;

3. development and use of new environmentally friendly combustion and fuel technologies;

4. increasing energy efficiency and

4. energy saving measures. [1]

By applying these measures to the maximum possible extent, by combining them or by
determining the balance between the measures and real needs, it is possible to achieve the

1Miodrag Kovacevic, Djordja Stratimirovica 23, 23 000 Zrenjanin, Republic of Serbia,
+ 381 63 564 125, miodrag.kovacevic @ vts-zr.edu.rs
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rational effects of the degree of energy efficiency of the appropriate systems for energy use in
building and industry. One of the many systems that requires an increase in the rationalization
of energy consumption, given the enormous increase in the number of inhabitants, is also the
building sector. According to the report of the Economic and Social Committee of the United
Nations states that the world's population from the current population of nearly 7.6 billion
increase to 8.6 billion by 2030, a number of people on Earth will rise to 9.8 billion by 2050
and about 11 , 2 billion by 2100. The number of people on Earth every year increases by 83
million people. Such a trend will continue, despite the fact that since the 1960s, fertility has
been continuously decreasing.

The concept of energy efficiency implies a set of measures that are undertaken in order to
reduce energy consumption, which does not undermine the working and living conditions. It
is necessary to conserve energy consumption to the minimum possible while maintaining or
increasing the level of comfort and comfort. It should be noted that there is a significant
difference between energy efficiency and energy saving. Energy saving implies certain
disclaimers, while efficient use of energy leads to an increase in quality of life.

2. ENERGY EFFICIENCY OF BUILDINGS THE REPUBLIC OF SERBIA

The negotiations on the accession of the Republic of Serbia to the European Union,
which include 35 thematic Chapters, are under way, until April 2018, the Republic of Serbia
opened 12 out of 35 chapters. The screening process (Explanatory and Bilateral Screening)
began in September 2013 and was completed by the end of March 2015. In the current
process of negotiation, it has been shown that in many hapters Serbian legislation is largely in
line with EU legislation. The disadvantage is the application of laws and accompanying
regulations in practice. For the Energy Chapter, a major problem will be the application of the
provisions of the Directive on the limitation of emissions of certain air pollutants from large
combustion plants and the Industrial Emissions Directive, which additionally limits the
emissions of air pollutants from large thermal power plants. These provisions directly
condition the operation of some blocks of our thermal power plants, so it is necessary as soon
as possible to begin the reconstruction and modernization of these thermocouples. The biggest
problems are expected in Chapter no. 27 Environment where it is estimated that bringing this
area into harmony with EU law could result in costs of € 13-15 billion, which the Republic of
Serbia does not have to invest in addressing environmental issues. In Chapter no. 15 Energy is
stated in the report on the conducted screening that it is necessary to make more efforts to
resolve the requirements in this area in the process of harmonization with EU legislation and
norms.

One of the strategic goals of the EU's energy policy until 2020, which promoted the
so-called policy 20-20-20, which implies: reducing CO, emissions by at least 20% in relation.
1990; increase of energy efficiency by 20%; raising the share of energy produced from
renewable energy sources to 20% in total energy consumption in the EU. Realizing this policy
will be a major challenge for the Republic of Serbia. Energy efficiency is our biggest energy
resource that we need to activate and which we have not yet started to use in an adequate way.
One of the good approaches for improving the energy efficiency of a state is the existence of
state coercion and certain incentive measures.

A typical example of the state's coercion is the Netherlands, where so-called voluntary

contracts were imposed in the 1970s after the oil crisis, which obliged companies to work on
energy efficiency. Volunteerism was just that there was a choice: either the obligation would
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be signed that each year concrete investments in energy efficiency measures would be paid, or
a high tax on the use of energy would be paid. By combining this and other measures and by
rigorous control of the implementation of the prescribed measures, it has been achieved that
the consumption of energy had a very slight increase in relation to a significant increase in
national income. In many countries, legislation is enacted or envisaged, requiring citizens to
apply certain measures to improve energy efficiency, such as, for example, the measure of a
gradual ban on the use of hot bulbs in households for the benefit of energy-efficient lamps.
The optimal development of the energy sector in the region of Southeastern Europe and the
Republic of Serbia within it, from the aspect of sustainability (which includes limited
sustainability in circumstances with natural disasters, the impact of fire, floods, earthquakes
and similar disasters) should start from real needs, technological progress, as well as
economic and environmental limitations. Improvement and affirmation of the profession in
which energy connective tissue remains the basic need. Through this interconnection of
intense energy needs and modern technologies (which, due to attractiveness, dominate over
conventional technologies) with sustainable development, the energy sector remains equally
vital and profitable and current.

Energy Development Strategy of the Republic of Serbia until 2025 with projections to
2030, is made by considering the existing structure of the energy sector and is based on the
energy balance of 2010 as the base year, assess the energy needs of the Republic of Serbia for
the period up to 2030, based on projections from the Strategy and Policy Development of the
Republic of Serbia Industry from 2011 to 2020, available energy resources, including the
potential of renewable energy sources (RES), population reduction projections, the Spatial
Plan of the Republic of Serbia with respect to all obligations of the Republic of Serbia arising
from the Agreement on energy community.

In 2006, the Republic of Serbia became a member of the Energy Community by
ratifying the Agreement on its establishment in accordance with its main goals in the field of
energy - ensuring safe energy supply, increasing the overall efficiency of the energy sector,
protecting the environment and developing renewable energy sources (RES), and the general
goal of joining the EU. Following the harmonization of time limits when applying the specific
provisions of the EU Directive in domestic legislation (Directive 2006/32 / EC, Directive
2010/31 / EU and Directive 2010/30 / EU) in domestic legislation, the provisions of those
Directives are implemented in two laws Republic of Serbia:

1. Law on Efficient Use of Energy;

2. Law on Planning and Construction and

3. Through the accompanying by-law regulations and three Energy Efficiency Action Plans of
the Republic of Serbia.

In October 2015, at the meeting of the Ministerial Council of the Energy Community,
the Republic of Serbia has accepted the energy efficiency obligations that apply to the EU, ie
the obligation to implement the new Directive 2012/27 / EU. Under this directive, the Energy
Community requires all members to adopt savings mechanisms in distribution and retail
energy companies, to promote efficiency in heating and cooling systems as well as
cogeneration systems.

On the basis of previously defined goals and fulfillment of assumed obligations under

the Treaty establishing the Energy Community, on the proposal of the Ministry of Mining and
Energy, on 15 March 2013, the National Assembly of the Republic of Serbia adopted the Law

81



on Efficient Use of Energy in the Republic of Serbia. The main goal of the adopted law is to
provide a rational and sustainable use of energy, thus contributing to more secure supply,
increasing the employment rate, the competitiveness of the economy and the environment.
The law introduces the Energy Management System (SEM) as one of the key mechanisms,
but it also predicts that all devices that directly or indirectly affect the energy consumption are
labeled during the placement on the market. In order to implement this legal solution deriving
from Directive 2010/30 / EU, the Government of the Republic of Serbia has adopted two
Regulations, and the Ministry of Mining and Energy has adopted nine regulations on the
labeling of energy efficiency of household appliances.

Applying the First Action Plan for Energy Efficiency in the period 2010-2012, savings
of around 81.5% of the planned savings have been achieved, which is satisfactory, bearing in
mind that the main mechanisms for achieving savings have not yet been legally adopted and
in force. The second action plan for the period 2013-2015 predicted savings at the level of
3.5% of domestic final energy consumption in 2008 (0.2952 Mtoe). With this action plan, the
building sector has been recognized as one of the largest energy consumers, and is therefore
expected to achieve 0.1387 Mtoe within the household sector and the public commercial
sector (where buildings are prevalent), representing about 35% of the total planned savings
for 2015. By the conclusion of the Government of the Republic of Serbia on 29 December
2016, the Third Action Plan for Energy Efficiency of the Republic of Serbia for the period
2017 - 2018 was adopted. The Law on Planning and Construction stipulates that buildings
depending on the type and purpose must be designed, constructed, used and maintained in a
way that ensures the prescribed energy properties, which are determined by issuing
certificates of energy properties of buildings, issued by an authorized organization, through
this law the provisions of Directive 2010/31EU on the energy characteristics of buildings are
transferred to the legal system of the Republic of Serbia. That Directive 2010/31EU has been
implemented in detail through the following documents:

1. Regulations on the energy efficiency of buildings;

2. Regulations on the conditions, content and method of issuing certificates on the energy
properties of buildings;

3. Regulations on the conditions, program and method of passing the professional exam in
spatial and urban planning, preparation of technical documentation and construction and
4. Regulations on the conditions and procedure for issuing and revoking the license for the
responsible urban planner, designer, contractor and responsible planner. [2]

According to the method of heating the buildings in the Republic of Serbia we can make
the following division: 26% of the total surface of the buildings is heated from the district
heating system and local boiler rooms with central heating (14% from the district heating
system and 12% from the local boiler rooms), 14% from the electricity system, 10% uses
natural gas as an energy source and about 50% of the total surface uses for heating solid fuels
in local furnaces (coal, firewood, agricultural biomass, waste, etc.). The average annual
specific energy consumption for buildings heated from the district heating system and local
boiler plants is as follows:

1. for residential buildings 171 kWh/m?, and for non-residential buildings 194 kWh/m? i

2. for the preparation of hot water in residential buildings 55 kWh/m?, and in non-residential
buildings 12 kWh/m?,
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The average specific heat consumption for heating and hot water preparation in
residential and non-residential buildings is reduced to 1 m? of net residential area of 228
kWh/m”. The average specific energy consumption for heating objects using other heating
methods is:

1. for electrically heated objects 130 kWh/m?*;
2. for natural-heated objects 230 kWh/m” and
3. for buildings heated by local furnaces to solid fuel 57 kWh/m”.

The number of households that heat on electricity is about 15% of the total, and only for
heating is consumed 24% of the total electricity consumption in all households. The residual
electricity in households of 10,500 GWh is used for the following purposes:

. lighting - 735 GWh (7%);

. storage boilers - 2,145 GWh (23%);

. cookers and food preparation equipment - 3,150 GWh (30%);
. washing machines and dishes - 893 GWh (8.5%);

. refrigerators and freezers - 2,625 GWh (25%) i

. for other needs - 952 GWh (6.5%).

AN B W=

The lag in energy efficiency in buildings in relation to European countries was
observed even in the early 1990s, confirming this claim data on the average final energy
consumption of 138 kWh/m® in residential buildings in the EU for thermal purposes. In
Denmark, in buildings connected to district heating systems, the specific heat consumption for
heating is 96 kWh/m?, and in facilities using fuel oil or gas 131 kWh/m* and 106 kWh/m®. In
buildings built according to new regulations in Poland where the climate is much sharper and
unfavorable than in Serbia, the specific energy consumption is 90-120 kWh/m*. In Sweden,
located in the north of Europe where winter temperatures are extremely cold and long with a
longer heating season, average consumption is 120 kWh/m?, and in newer buildings with the
lowest energy consumption requirements of 60 - 80 kWh/m?. [4]

According to the Law on Efficient Use of Energy, the obligation of local self-
government units (LGU) is to include in the tariff system for district heating services (as one
of the elements for calculating the price of heating) the measured or actually delivered
quantity of heat, and based on the Law on Energy Article 362), the Government of the
Republic of Serbia shall adopt a methodology for determining the price of the end customer's
supply of heat energy. Accordingly, the Ministry of Mining and Energy has prepared and the
Government of the Republic of Serbia has passed a decree determining the methodology for
determining the price of the end customer's supply of heat energy.

In accordance with the Law on Efficient Use of Energy, minimum energy efficiency
requirements must be met by new and revitalized plants for the production of electricity and
heat, electricity transmission systems, that is, systems for the distribution of electricity and
heat, as well as systems for transport and distribution of natural gas, depending on the type
and strength of these plants, or the size of the system.
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Table 1: Basic data on centralized heat supply systems in the Republic of Serbia [3]

Data Unit of measure Quantity
Total number of apartments in the Republic of Serbia - 2.943.401
Surface area in the Republic of Serbia m’ 199.204.252
Number of apartments with central heating installations - 720.495
Number of apartments connected to the heating plant - 481.660
The total area of dwellings connected to the heating plant m’ 28.143.552
Total area of other dwellings and business units ) 8.852.993
connected to the heating plant

Total area of apartments and business facilities 2 36.996.485
connected to the heating plant m

The share of dwellings with central heating installations % 24.5
Compared to the total number of dwellings

The share of dwellings connected to the heating % 16
plant in relation to the total number of dwellings

Number of heating plants - 292
Number of boilers - 660
Boiler capacity MW 5.506
Consumed power consumption MW 5.486
Annual fuel consumption toe 615.284
Length of the hot water network km 1.250
Total number of substations - 15.025
Number of substations in residential buildings - 9.484

3. CONCLUSIONS

In the building sector in the Republic of Serbia, most of the energy is spent on heating
the space, 24% of the final energy is consumed for heating. The consumption of heating
energy at the Serbian level is twice as low as the average for Europe, which is somewhat
expected if its geographical position is taken into account. Located in the south of Europe,
Serbia has far more favorable climatic conditions, shorter and milder winters than the
countries of northern Europe. Due to the extreme inefficiency in the consumption of heating
facilities in the Republic of Serbia, this segment of consumption should be urgent. The most
common reason is the worsening and energy inefficiency of the building envelope. With
concrete reasons for energy inefficiency, it is relatively easy to determine the cost-
effectiveness of investments in possible ways of their rehabilitation, and the choice of the
appropriate solution for a particular facility already leads to a higher quality energy
consumption for heating. Increasing energy efficiency does not only lead to more rational
energy consumption. The impact on the environment is equally important. Reduced emission
of harmful gases would create a healthier environment that would improve the quality of life.
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ABSTRACT

The energy efficiency (EE) of the system for heating water from collector to accumulator solar
boiler is in the range of 35 to 55 (%) depending on the performance of the collector, the materials used
for the production of solar collectors and the manner of installation and maintenance. Low energy
efficiency (EE) values refer to solar collectors that have poor design and thermal insulation
characteristics. Such collectors, as a rule, have low values of absorption, and the heat emissivity values
from the absorbent surface are significantly lower. Collectors that have such characteristics are
collectors whose absorbers do not have good selective characteristics, therefore the value of the
radiation emission coefficient is close to the value of the coefficient of absorption of radiation. This
feature is directly influenced by the number and type of transparent coverings.

1. INTRODUCTION

Solar collectors are also tested for efficiency in conditions of equality of external air temperature
and temperature of absorber - fluid in absorber (zero efficiency). Zero efficiency is not relevant for
a serious assessment of the efficiency of the solar collector. For this type of estimation, the
characteristic of the efficiency curve, curve (or equation) of the dependence of the energy
efficiency of the collector on the relationship between the difference in the characteristic
flux/absorber and ambient temperature temperatures and solar radiation is very important for
this type of assessment.

The crucial feature for selecting a solar collector from the point of view of its efficiency
is that efficiency that is valid for the operation of the solar collector in dynamic (real) working
conditions. The amount of heat that can be used with 1 (mz) collector is about 900 (kWh).
Vacuum heat collectors have considerably greater efficiency, which manifests significantly
during colder periods. The energy efficiency (EE) of vacuum solar collectors is based on the
thermal insulation of the absorber. The energy efficiency of the system for heating water with
vacuum collectors is about 40 (%) higher than the system with flat plate solar energy transfer
if one year is observed. The price of installation of vacuum collector systems is almost 50 (%)
higher than the price of installation of systems with classical receivers of solar energy.
Bearing in mind these properties, vacuum collector systems are recommended for enclosures
in buildings where there is a continuing need for hot water, or where large quantities of hot
water are required. [4]

The number of sunny hours in Serbia goes in average from a bit less of 2.000 hours (in
the North) to more than 2.300 (in the South). It is a larger value than in the most European
countries, but the solar potential is not used. The potential of solar energy presents 16,7% of
overall usable potential of Renewable Energy Sources (RES) in Serbia. The energy potential
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of solar radiation is for about 30% bigger in Serbia than in Central Europe. The average daily
energy of global radiation for a flat surface during winter period goes from 1,0 kWh/m? in the
North and 1,7 kWh/m? in the South, and during summer season between 5,4 kWh/m? in the
North and 6,9 kWh/m? in the South. The most favorable areas in Serbia record a great number
of sunny hours, and the yearly ratio of real irradiation and overall possible irradiation is close
to 50%. Serbia has one of the best solar resources in Europe. Solar radiation in average is
bigger for about 40% of the European average. The lowest measured values of solar radiation
in Serbia could be compared to the highest values in the countries leading in the use of solar
radiation, such as Germany and Austria. For comparison, the average value of solar radiation
for the German territory is around 1.000 kWh/mz, while for Serbia it is 1.400 kWh/m>. The
number of sunny hours in Vojvodina goes from a bit less than 2.000 hours (Western part) up
to 2.100 hours (Eastern part). According to "Valentin Energie Software — TSol Pro 4.5" the
average annual value of global radiation for horizontal surface is between 1.294 kWh/m? on
the North of AP Vojvodina and 1.350 kWh/m” on the South of Vojvodina, and 1.281 kWh/m?
on the West and up to 1.294 kWh/m” on the East of Vojvodina. This shows that on the same
source, the average yearly value of sun radiation over a horizontal area for the territory of AP
Vojvodina is around 1.300 kWh/m”. The average daily energy of global solar radiation on
horizontal surface at the territory of AP Vojvodina goes from 1,0 — 1,4 kWh/m? during
January, and from 6,0 — 6,3 kWh/m? during July. At the territory of AP Vojvodina, the annual
average of daily solar radiation energy on the surface leaned towards south under the angle of
30° results with 4,0 — 4,6 kWh/m?.[1]

2. ANALYSIS OF ENERGY EFFICIENCY OF SOLAR COLLECTORS

When examining the energy efficiency of solar collectors in dynamic operating
conditions it has been established that the heat transfer factor on the efficiency of the receiver
is significantly influenced by the effectiveness of the receivers and the mass flow of the
working fluid. The heat transfer factor from the receiver, under the same test conditions, is
higher in the absorber whose tubes are in the form of a serpentine than in the receiver whose
pipes are of the absorber in the form of a pipe register. In the case of an absorber of the type
of pipe register, the factor of the discharged heat from the receiver is increasing if the mass
flow of the fluid increases. With this type of absorber, by increasing the distance between the
absorber tube, the heat removal factor from the receiver decreases until the diameter of the
absorber tube has a significant effect on the increase in the heat removal factor from the
receiver.

In the case of an absorber whose tube is in the shape of a serpentine, the increase in
flow affects the increase in the heat removal factor from the receiver. The heat removal factor
has a higher value in the turbulent flow of the working fluid than in the laminar flow regime.
The fluid flow regime can be influenced by an increase in the diameter of the tube of the
absorber. By increasing the distance between the absorber tube, the heat removal factor
decreases. The effectiveness of the receiver is in the function of constructive characteristics,
and its mathematical form varies depending on the design of the absorber - that is, the concept
of the performance of the absorber tube. By analyzing terms that define the effectiveness of
the receiver, it can be concluded that all the parameters that depend on the construction of the
receiver receivers for a particular receiver of solar energy, except for the convective loss
coefficient that affects the thermal losses from the front - receiving side of the receiver and
which depends on the inclination of the receiver, wind, temperature of the absorber and
ambient temperature. Wind velocity and ambient temperature are climatic parameters, so the
temperature of the absorber and, consequently, the thermal losses can be influenced by
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regulating the flow of fluid through the absorption chambers - pipes. By increasing the mass
flow of the working fluid, the temperature of the absorber decreases, thereby reducing the
heat losses. In order to gain insight into the existing state of energy efficiency of flat heat
receivers of solar energy on the market, a comparative analysis of 10 representative types of
constructions has been carried out, which have been widely used in practice. The energy
efficiency analysis was performed on the basis of the efficiency curve which is part of the
project and certificate of the receiver of solar energy.

The general energy efficiency equation is given in the manufacturer's attestation and has
a form suitable for graphic presentation of the type:

B AT
=0y (1)

Based on the consideration of the analyzed representative receiver constructions, it has
been found that the receiver's efficiency varies from 45 to 75% at AT / G of 0.05 K/mZW,
depending on the design parameters. The results of the study show that thermal losses in
different types of receivers are more dynamic than optical efficiency, and that these changes
are caused by changing the value of the receiver's effectiveness.

Total receiver losses are the most influential on the receiver's effectiveness. They
make heat losses from the front, rear and side sides of the receiver, with the influence of heat
losses on the front of the receiver dominant. Thus, the specific loss of heat from the upper side
of the receiver is directly dependent on the coefficient of convective heat transfer between the
absorber and the transparency, the heat loss coefficient of radiation from the absorber to the
transparency, and the temperature of the transparency and the total heat loss coefficient from
the receiving side, that is, the coefficient of convective heat losses (from the banners) due to
the wind and the heat loss coefficient by radiating the banner to the sky. The character of its
change depends on the working conditions and the constructive parameters of the receiver and
is consistent with the physical character of the change in the influence parameters.
The coefficient of convective heat transfer between the absorber and the transparency
increases by 23% with an increase in the temperature of the absorber from 40 to 100 °C (at the
absorption coefficient of 0,95) and 29% (in the absorption coefficient of 0,10). The coefficient
of convective heat transfer between the absorber and the transparency depends on the type of
gas in the interface between the absorber and the transparency and the inclination of the
receiver.

The coefficient of heat loss by radiation between the absorber and the transparency, in
the case of a single transparency receiver, with an absorption coefficient of 0.95, increases
with an increase in the absorber temperature from 40 to 100 °C by 53% - if there is no air
flow and 43 % - at air velocity of 10 m/s. The total coefficient of heat losses from the
receiving side of the receiver, in a calm air, and an increase in the temperature of the absorber
from 40 to 100 °C , increase from 26,6% (in the absorption absorption coefficient of 0,95) to
24,5% apsorber absorption coefficient of 0,10). The coefficient of heat loss by radiating the
banner to the sky increases with an increase in the temperature of the absorber and,
consequently, the transparency by 18% at wind speeds of 0 m/s and 7,5% for wind speeds of
10 m/s, with an apsorber temperature rise of 40 to 100 °C, at a coefficient of absorption of the
absorber of 0,95. The coefficient of convective heat losses from the windscreen transparency
depends on the wind speed and the tilt of the receiver of the solar energy.
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The practice has shown that at an absorber temperature of 40 °C the absorber turns about
60% of the received solar radiation into heat. By bringing the temperature of the absorber to
the ambient temperature, it positively affects the reduction of both convective and heat loss
due to radiation, and this can be achieved by regulating the mass flow of the working fluid.
For the transfer of heat from the absorber to the working fluid, the constructive concept of the
absorber is important, ie, the size of its contact surface with the working fluid and the way of
achieving the connection of the absorber tube and absorbent plate, the coverage of the total
surface of the absorber with the absorbent tubes and the conductive characteristic of the
material of the absorber. On the other hand, we should aim to increase the coefficient of heat
removal from the absorber, which depends on the effectiveness of the receiver and the mass
flow of the working fluid.

By testing the efficiency of the solar energy receiver with steel, aluminum and copper
absorber, thickness 0,15 mm, 0,30 mm and 0,60 mm, it was found that the receiver with a
copper absorber was 0,6 mm had the highest energy efficiency value under the test conditions.
By replacing the steel absorber with a thickness of 0,15 mm aluminum of the same thickness,
the energy efficiency of the receiver increased by 17%. By replacing the aluminum absorber
with a thickness of 0,15 mm - copper, the energy efficiency was increased by 6,5%. When the
thickness of the absorber was increased to 0,3 mm, the replacement of the steel absorber with
aluminum resulted in an increase in efficiency by 9,5%, and the replacement of the aluminum
absorber with copper, increasing the efficiency of the receiver by 5%. By increasing the
thickness of the absorber to 0,6 mm, the efficiency increased by 3% when the steel absorber
was replaced by aluminum, and 1,5% when the aluminum absorber was replaced by copper.
The receiver with an aluminum absorber with a thickness of 0,6 mm had the same efficiency
as a receiver with a copper absorber with a thickness of 0,3 mm.

The increase in the value of the absorption coefficient of the materials of the absorber,
under the conditions of the tests, with values of 80 W/MKk (steel) to a value of 380 W/mK
(copper), results in an increase in the energy efficiency of the receiver by 13%. The
dependence of optical efficiency on the coefficient of conduction (in W/mK) is defined by the
expression:

n, =0,553+7,824007* (A -1,1300° A° ()

and the dependence of the thermal loss coefficient of the coefficient of conduction by the
expression:

a, =4,07413 +0,00502 (A —7,3250007° [A° 3)

Determining the number of absorbent tubes on the absorption board, which causes an
increase in the energy efficiency of the receiver, is reduced to the analysis of the distance
between the absorption tubes. In this context, a better solution with a smaller distance
between the pipes is better, as this increases the exchange surface and shortens the heat
transfer path. Reducing the distance between the exchanger pipe is achieved by increasing the
number of absorber tubes. The research found that the receiver with an absorber having 21
hoses has the highest value of efficiency, is the least distance between the tube, and hence the
largest exchange surface, under the conditions of testing. The efficiency of the receiver of
solar energy increases with the increase in the number of pipes of the absorber, so by
changing the number of pipes from 4 to 21, the efficiency of the absorber by 21% is increased
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for the investigated case, but the efficiency with the 16 pipe absorber is only 1% higher when
the number of pipes increased to 21. The dependence of the change in optical efficiency on
the number of absorber tubes is determined by the expression:

n, =0,39427+0,04146 7 -0,00123 &’ 4)

and the dependence of the heat loss coefficient on the number of tubes of the absorber by the
expression:

a, =2,32296 +0,36754 Th - 0,01124 [ (5)
a, =5,66729-0,071510, +0,00129(1, > (6)

In the case of a receiver whose tube is a serpentine absorber tube, the energy efficiency is
increased by 6%, by changing the mass flow rate from 0.9 [kg / min] to 1.66 [kg / min] under
certain test conditions. The dependence of energy efficiency on the mass flow of the working
fluid, for the receiver whose tube is the absorber in the form of a serpentine, is defined by the
expression:

DZ

O
n =44,18485+0,1303 (in—5,34848* 107 [n (7

Constant mass flow of working fluid causes an increase in the temperature of the
outgoing fluid, which results in a decrease in energy efficiency due to increased heat losses.
This is especially true when the medium temperature of the working fluid is higher than the
ambient temperature. The carried out testing found that in order to increase the temperature of
the outlet fluid from 25 to 70 °C, the efficiency decreased by 35% under precisely determined
conditions of testing.
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Figure 1: The dependence of solar collector efficiency on ambient temperature
3. CONCLUSIONS
The influence of the ambient air temperature change on the efficiency of the receiver
was carried out under conditions with precisely determined test conditions where the ambient

air temperature from 15 °C increased to 36 °C. The test found that the receiver's efficiency
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was increased by 30%, which is the result of a decrease in the thermal losses of the receiver
due to a decrease in the difference between the mean temperature of the working fluid and the
ambient temperature. Based on the results of the research carried out on the type of fluid that
shows the highest efficiency of the receiver, under precisely determined test conditions, it has
been found that the working fluid - a mixture of water and ethylene glycol, with an ethylene
glycol content of 16%, has a 0,8% higher efficiency than when a mixture of water with a
propylene glycol content of 16% was used as the working fluid under the same test
conditions. It has been found that the type of working fluid has a negligible influence on the
energy efficiency of the receiver of solar energy.

The results of the performed tests of more favorable values of the basic structural
characteristics from the aspect of energy efficiency can be applied to all types of structures
with a tube-type absorber type.

The study found that:

1. Increasing the number of pipes of absorbers from 4 to 21 increases also efficiency up
to 21%;

2. By replacing the steel absorber with a thickness of 0,15 mm with an aluminum
absorber of the same thickness, the efficiency of the receiver by 17% was increased,
and the replacement of the aluminum absorber with copper the same thickness
increased the efficiency by 6,5% and

3. Energy efficiency was increased by 8.4%, while increasing the thickness of thermal
conductivity 0.04 W/mK, from 10 to 60 mm) for the examined case of a flat receiver
of solar energy.

Other constructive characteristics have negligible influence on the energy efficiency of
the receiver of solar energy. For concrete cases of flat heat receivers of solar energy in
exploitation, when it is not possible to change the constructive parameters, increasing the
energy efficiency of the receiver can be achieved by regulating the mass flow of working fluid
and accumulation - consumption.

Conducted studies of the effect of the change in the flow on the efficiency of the receiver
of solar energy have been determined that:

1. By increasing the mass flow rate from 4 kg/min to 30 kg/min, the efficiency increased
by 15,4% for the receiver with the absorber in the form of a tube register and

2. Increasing the mass flow from 0,9 kg/min to 1,66 kg/min, energy efficiency increased
by 6% for the receiver whose tube is absorbent in the form of a serpentine.
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ABSTRACT

The paper presents the methodology for revealing the energy charactersitics of poultry manure,
collected from the storage facility of a chicken breedind farm. The collection of data on the possibility
of its combustion for economic or ecologic-energy purposes point of views was considered. Six tests
were performed, including technical analysis, elemental analysis, lower calorific value and ignition
temperature.

1. INTRODUCTION

Poultry chickens can be regarded as a fertilizer but also as a possible polluter depending
on the area and the amount of storage. Starting from ecological considerations, the issue of
burning it is raised in an energy system with support from a fossil fuel.

The chicken breeding technology requires a wood or straw bed, so that a manure and solid
biomass mixture occurs when removing the waste.

2. METHODOLOGY

The research was performed on poultry manure collected from for a chicken farm in
Moldova region (Romania), the bed being made of grain straw. The straws represent about
10-12 % of the total weight.

Figure 1 shows the appearance of the waste taken from the temporary warehouse located
next to the production halls. It was taken into consideration that a burning recovery would
appeal to the temporary storage facility.

Figure 1: Waste appearance in the temporary storage facility

! email: glazaroiu@yahoo.com.
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The full energy features of the poultry manure include:
* technical analysis;
* elemental analysis;
* lower calorific value.

Six tests were run during the determinations to find the margin of dispersion of the
elements defining the characteristics presented. The average bulk density of waste was 98

kg/m3. Table 1 presents the results of the technical analysis at the initial condition:

Table 1 Results of technical analysis at initial condition

Test I 11 111 v \% VI
CharacteristiC
Moisture, W', % 36.1 35.6 37.2 38.1 39.1 40.3
Volatile, V', % 50.2 48.8 47.4 46.5 45.3 44.6
Ash, A', % 6.2 7.1 6.3 6.2 6.2 6.2
Fixed carbon, C't, % 7.5 8.5 9.1 9.2 94 8.9

Analyzing the volatile content, it is noted that they have a very high percentage of oxygen,
resulting a low low combustible gas (CO, CHy).

Figure 2 shows the ballast (sum of humidity and ash) variation and fixed carbon according
to the results of the six tests).

50

40
35
30
25
20
135
10
S RN NEN
0
| Il 1l v \' VI

W Fixed Carbon  m Ballast

Figure 2 Fixed carbon and ballast for each test

The appearance of ash is whitish with particles without agglutination. These conclusions
on ash demonstrate the possibility of evacuating it with classical installations at the outbreak
of a combustion plant. The results of elemental analysis for the six samples are presented in
Table 2.
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Table 2 Energy characteristics of poultry manure

Test
Characteristic [%] I 1I III v \Y VI
C 16.2 14.4 12.1 12.3 13.3 11.2
H 4.7 4.5 4.9 4.2 4.3 4.4
S 1.7 1.6 1.7 1.7 1.6 1.8
(0} 33.5 35.1 36.1 35.7 33.9 34.4
N' 1.6 1.7 1.7 1.8 1.6 1.7
Al 6.2 7.1 6.3 6.2 6.2 6.2
W 36.1 35.6 37.2 38.1 39.1 40.3

The lower calorific power variation for the six samples is presented in Table 3. The
calorific value was calculated by means of formula:

HI =339C" +1029H' - 109(0" - Sg'.)—zs,lw," [k7 /kg] (1)

Table 3 Lower calorific value (LCV) of the poultry manure

LCV - H}, Test

I II I I\ \Y VI

[kJ/kg] 5955.9 | 5172.9 | 4460.7 | 3829.2 | 4434.3 | 3795.5

The results of analyzes proved the following characteristics:
*  high total humidity (W');
e high sulfur sulphur (S') content;
* high oxygen content (OY;
e small LCV (H).

This LCV pool confirms the hypothesis of a sustained hydrocarbon combustion as heat
input and the use of an uncooled combustion chamber. This fuel has similarities with peat or
brown coals.

In order to find the ignition temperature specific to a combustion on the grate in an
uncooled furnace (surrounded with chamotte brick walls) was determined by introducing a
quantity of 200 g into such small furnace, provided with an electric heater behind the
chamotte. Figure 3 shows the appearance of ignition (the corresponding temperature was
measured in the range of 875-950 °C).

s

Figure 3 Moment of poultry manure ignition
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3. CONCLUSIONS

In conclusion, the analysis of the energy characteristics of poultry waste demonstrates the
possibility of its combustion as a production of energy in a certain amount compared to the
total obtained and with a thermal support fuel.

The combustion plant is expected to be equipped with a mobile-inclined grate, located in
a uncooled furnace provided with a chamotte inclined vault, in order to cause the ignition by
its radiation.
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ABSTRACT

The paper analyses the possibility of erosion risk increase for the last blade of a back-pressure
steam turbine when steam conditions before and after turbine are changing due to various operational
regimes. A complete verification “stage by stage” calculus has been performed, in order to reveal the
geometrical dimensions (average diameters, lengths of nozzles and blades, characteristic angles) and
operational ones (adiabatic and internal enthalpy drops, absolute and relative steam velocities, internal
efficiencies and powers). After that, a behavioral model for unrated charges was setup and boundaries
conditions (such as pressure and temperature of live steam or back-pressure) were modified, according
to real operational regimes. Some collected parameters (moisture, pressure, tip velocity) were
collected as inputs for several erosion criteria.

1. INTRODUCTION

Steam expansion in the turbine is a fast-moving thermodynamic process. The
condensation process does not start on the saturation curve (x=1), as in a quasi-static process,
but is delayed and starts on constant humidity curves known as Wilson curve. The delay of
the condensation phenomenon are characterized by the speed of expansion:

. d ¢, 4
e (1)

1
p dt p dx

The Wilson curves corresponding to the different expansion rates (Figure 1) show that the
delay is even higher as the expansion speed increases.

i
&7
kg
s [KIJkgK)
Figure 1. Wilson curves for initiation of Figure 2. Velocity diagrams for wet steam

condensation in the turbine (index w — water droplets)
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At a certain moment in the turbine stage the humidity is in two forms:

* droplets driven by the vapor stream; the trajectory of these drops depends on the mode
of formation, size and drive speed;

¢ film on the surface of the nozzles and blades, formed by dropping, drifting in motion
at a low speed. The film breaks at the nozzle exit edge in the form of droplets of
relatively large diameter, in the order of magnitude of the thickness of the edge.

The fine droplets are trained at speeds and trajectories close to vapor, the large droplets in
the macrodispersion fraction have very different velocities and trajectories, their impact with
the pallet entrance edge causing its erosion (Figure 2).

Assessing the risk of erosion is difficult to do by using theoretical elements. Basically,
relatively simple criteria are used that take into account the amount of moisture, impact
energy and steam parameters.

The condensing turbines, in order to increase performance, work with low condenser
pressures, the lower limit being imposed by the coolant temperature or the risk of erosion. The
usual range of these pressures is p. = (0,07 + 0,03) bar. The risk of erosion generally occurs at
the last step stage blades characterized by high humidity (yo> 0,05 respectively xo <0,95) and
low po pressure <0,3 bar and the long blade length leads to high peripheral speeds in the range
u = (400 + 550) m/s.

Under these conditions, the risk of erosion has to be assessed and measures taken to avoid
it, by protecting the edge of the blades, changing the parameters of the steam, intensifying the
internal collection of moisture. Changes in live steam parameters, such as temperature drop
(Figure 3) or increase in pressure (Figure 4), which increase the humidity at the turbine outlet,
must be accompanied by an erosion hazard assessment using criteria set by various turbine
manufacturers (Table 1).
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Figure 3. Live steam temperature drop on Figure 4. Live steam pressure increase on
the final vapor content of the steam the final vapor content of the steam

The influence of the exhaust condensing pressure drop is very important too. Coolant

temperature is a natural limit to lowering condenser pressure in order to increase enthalpy
yield and fall. Another limit is given by the increase of steam humidity at the turbine
discharge, (decrease of the vapor fraction).
Operating with a higher exhaust pressure than the condensing rated value is so called
“worsened vacuum” regime and contributes to the decrease of the moisture (a positive effect
for the erosion), but produces also an efficiency drop for the last stage, due to the “breaking
effect”.
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Table 1 Erosion criteria for the last stage blades of the steam turbines

Criterion Reference Equation Erosion risk assesment
YoP ¢ u 2
— 20 2
Escher Wyss (1) [1] E= __a(_j E<1 no erosion risk
n 200\ 400 L
E>1 erosion risk;
4 blades should be
Escher-Wyss (2) [2,3] E= YoP Coa [ U protected
n 200100
) ) E<0.2 no erosion risk
_ Yo n 0,2<E<0.8 erosion risk;
KWu [ E= Po (d 3()()()) E>0.5 blades should be
protected
E<2 no erosion risk
2<E<4 erosion risk
. . _ _ 2 =08
Hitachi [2,3] E =4300,010% —2,44)* [y E>4  very high erosion
risk
where: y, [-] — humidity at stage inlet;
i [-] — humidity between nozzles and blades;
p [kg/m’] — steam density, at the stage outlet;
n — coefficient of quality for the moisture reduction system: (/7 =1 for modern

systems; 0,8 </7 <1 for old systems);

Do [bar] — pressure at stage inlet;

Cia [m/s] — axial velocity at nozzles outlet;
Crq [M/s] — axial velocity at blades outlet;

u [m/s] — peripheral velocity at blade’s tip.

2. METHODOLOGY

2.1. Turbine operating parameters

The analyzed steam turbine holds an impulse control stage and 16 reaction stages. The
main operating parameters are:
* Live steam nominal parameters: po,=49,0 bar, #,,=447 °C;

e Minimal live steam pressure: pomin=44,0 bar; Minimal live steam temperature:
tomin=390 °C;

* Nominal steam mass flow rate: m;=20,7 t/h; Maximal steam mass flow rate:
my " =21,5 t/h: Minimal steam mass flow rate: n'a(')“i“ =8 t/h;

e Nominal parameters of the steam extraction for the deaerator: pp=5,75 bar; tp=217 °C;
m;,=0,408 t/h;

* Condensing pressure: pc,=0,89 bar; pcpi»=0,52 bar.

* Rotation speed: n= 9944 rot/min;
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2.2, Nominal regime design/verification calculus

By not having a precise step-by-step calculation of the nominal steam turbine regime (on
which modeling of non-nominal regimes is based), we proceeded to a design/verification
calculation using the geometric dimensions and the nominal parameters presented in
paragraph 2.1.

The impulse control stage has an isentropic drop of 140 kJ/kg, an average diameter
d1=0,47 m, an admission grade £=0,32 and an internal efficiency #,=0,715. The internal power
produced by the control stage is 578 kW, representing about 15 % of overall turbine internal
power.

Starting from the exit point in the control room chamber, the real process in the pressure
stages can be drawn, based on the deaerator parameters (pp = 5.75 bar; tp = 217 ° C) and the
pressure at the condenser (pc, = 0.89 bar). By the energy balance (imposing the rated
electrical power at the 3.6 MW, generator output) the real expansion process in the h-s
Mollier diagram. The parameters of this process are presented in Table 2.

Table 2 Parameters of the real expansion process in the pressure stage

High Pressure Section Low Pressure Section
porecip= | 29.40322 | bar | porpcip= 5.75 bar
horecip=_ | 3210.805 | kJ/kg | horecyp= | 2888.703 | kl/kg
$Orpcip=_ | 6.901083 | kJ/kgK | sorpcsp= | 7.066408 | kI/kgK
Parecip= 5.75 bar | porecip= 0.89 bar
tarpcip= 217 °C hoapcip= | 2547.295 | kJ/kg
hoapciP= | 2810.668 | kJ/kg | Hipcsp= | 341.4084 | kl/kg
Hipcip= | 400.1363 | kl/kg | nizpcip= | 0.745221
harpcip= 2888.703 kJ/kg Hirpcip= | 254.4246 kJ/kg
Hipcr= | 322.1012 | KI/kg | harpesp= | 2634.279 | ki/kg
nirecie=_ | 0.804979 - vorecp= | 1.859481 | m’/kg
mrpcip= | 5.749444 | kg/s | xorpcsp= | 0.984313 B
sorpegp= | 7.301797 | kl/kgK
mrpcjp= | 5.636111 | kg/s

2.3. Non nominal regimes modeling

For these regimes we used the hybrid method described in [7]. The method is based on
the relationship between pressure distribution and mass-flow rate at partial loads (Stodola):

2 _ 2
ﬂ — pzl pg dln (2)
my Pin = Pan Tl

and the dependence internal efficiency versus load, represented by the relative fictive
u

Cpe

3)
u
[Cﬁc J
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3. RESULTS AND CONCLUSIONS

We ran several tests, presented in table 3.

Table 3 Parameters of analyzed operating modes

Nr.ert | Mo[kg/s] | polbar] | %[°C] | pc[bar]
OM1 5.75 49 447 0.89
OM2 2.22 49 390 | 043
OM3 2.22 29 | 350 | 0.43
OM4 2.22 47 | 445 | 0.89

Operating mode 1 is the nominal mode, as a nominal flow of the district heating water
flows through the condenser; it is noted that the exit point in the turbine is above the
Wilson curve, which means that the water droplets have not yet formed and only the
last stage works partially under the saturation curve.

Operating mode 2 is the mode in which the live steam flow is kept at the technical
minimum and its pressure is brought to its nominal value, while the temperature drops
with 57 degrees Celsius; it is the most unfavorable in terms of humidity, five stages
working with humid saturated steam. It has also the lowest evacuation vapor content
(0.948)

Operating mode 3 is a start-up one, limited as duration; It is noted also that 5 stages
operate under the saturation curve

Operating mode 4 is a partial mode with minimal steam flow at which nominal
pressure is maintained at the condenser by regulating the flow rate of district heating
water. It is noteworthy the operation of the last stage in brake mode with power
consumption and negative internal efficiency.

Table 4 Erosion criteria

Nr.crt Xc EW(1) <1 EW(®2) <1 | KWU 0.2 | Hitachi <2
[-]

OM1 0.986 0 0 0 0.0110

OoM2 0.948 0.022 0.2629 0.0089 0.0311

OM3 0.949 0.0022 0.2568 0.0085 0.0306

OM4 0.958 0.0024 0.2829 0.0063 0.0261

No risk for erosion, all the criteria from Table 1 returned values less than limits. The red
curve of constant vapor content x=0.88 has never been touched by the expansion lines.

The expansion lines are presented in figure 5. The green curve represent the saturation line
(x=1), the brown one the Wilson curve.
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Figure 5: Expansion lines in Mollier diagram for the four cases
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ABSTRACT

The use of the alternative fuels, even in partial substitution, may represent a viable solution to
reduce the diesel engine pollutant emissions and to maintain the diesel engines in service and in urban
traffic. The animal fats-buthanol-diesel fuel blends are an alternative fuel which can be used at diesel
engines, in order to reduce the pollutant emissions. The main advantages of animal fats- diesel fuel
blends like cetane number and calorific value very close to diesel, higher oxygen content it
recommend it as a good alternative fuel for diesel engines, being renewable and energy efficient. The
results of experimental investigations show the animal fats and buthanol effects on the combustion
parameters and on the pollutant emissions. Animal fats-buthanol-diesel fuel blends can be considered
a viable alternative fuel for diesel engine, assuring the partial replace of the fossil fuels and resolving
the major problem of animal wastes

1. INTRODUCTION

After the 2015 Paris Climate Conference and the C40 Events-C40 Mayors Summit 2016
diesel engine pollution issue becomes a priority for some capital cities (Paris, Madrid, Athens
and Mexico City) which will not legally allow anymore the access of automotives with diesel
engines starting with year of 2020.

The use of alternative fuel obtained from renewable sources to diesel engines fuelling is a
viable solution for replace of the fossil fuels and for pollutants emissions and greenhouse
gases effect decrease. The animal fats have a high potential, due to their good combustion
properties and due to great reserves can be used with success at diesel engines. They are
oxygenated fuels, non toxic, sulphur free and contain more oxygen compare to diesel fuel [1]..
The main disadvantages of animal fats are their high viscosity and poor volatility. Because of
their high viscosity, the preheating of animal fats results in a significant decrease of viscosity,
which allows the diesel engine fuelling without constructive modifications [2]. By use of
buthanol in mixture with diesel fuel and animal fats the new fuel viscosity significant
decreases and the fuel atomization is improvement [3].

Animal fats are lipid materials, being composed of triglycerides. Animal fats are in more
parts constituted from tryglicerides and saturated monocarboxylic fat acids with number of
carbon atoms (C12-C18) in which palmitic and stearic acids are predominant [2]. Animal fats
have a lower content of carbon and hydrogen and higher oxygen content comparative to diesel
fuel. The viscosity of the animal fats is of 15 times greater than diesel fuel at 40°C, table 1,
[2]. At the raw animal fats use, the engine power is lower compared to diesel fuelling (the
lower heating value of animal fats is with almost 10% lower as the diesel fuel- table 1). By
increasing the cyclic fuel dose for the same air/fuel ratio, the engine power can be corrected
because of the higher oxygen content of animal fats than diesel fuel [2].

In the table 1 a presented some of the physic-chemical properties of diesel fuel and
animal fats:
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Table 1: The physic-chemical properties of diesel fuel and animal fats

Diesel
Specific properties of the fuels Fuel Animal Fat
Density [g/ml] 0.8495 0.92
Viscosity at 40 °C [mm?/s] 2.96 45
Thick point [°C] -12 6
Congealing point [°C] -16
Ignition point [°C] 74 170
Boiling point [°C] 191 344
Sulphur [% m] 0.036 0
Cetane number CN [-] 49.2 56
Caloric power Hi [MJ/kg] 42.9 39.77
Carbon [% m] 86.67 77.6
Hydrogen [% m] 12.96 12.3
Oxygen [% m] 0.33 12.5
Oxygen for combustion O, [kmol/kg cb] | 0.1045 0.0915

Experimental investigations of a diesel engine with a single cylinder, air cooled, with
direct injection, fuelled with fuel diesel and animal fat preheated to 70°C in mixture with
ethanol showed follow results comparative to diesel fuel engine: increase of the autoignition
delay; decrease of the exhaust gas temperature; decrease of NOx and smoke emissions level
[4]. Same results were presented in others papers [5, 6, 7, 8].

In this paper are presented some results of preheated raw animal fats in mixture with
diesel fuel and buthanol.

2. METHODOLOGY

The experimental investigations were carried on a CFR-IT9-3M experimental diesel
engine. The engine was firstly fuelled with diesel fuel and then with blends of diesel fuel-
animal fats —buthanol for the same engine adjustments (13 °CA injection timing and &€=13.74
compression ratio). The fuel cyclic dose (28.9 mm?/cycle) was maintained constant at for all
experimental tests. The diesel engine was equipped with AVL pressure transducer line,
Kubler speed incremental transducer, real time AVL data acquisition system, AVL gas
analyzer and smoke meter, thermo resistances for engine cooling liquid temperature, engine
oil and air intake temperatures, and thermocouples for exhaust gas temperature. The high
viscosity and poor vaporization characteristics of animal fats need prior their heating and theit
content limit in mixture with diesel fuel.

Was used the following methodology:

The animal fats are perfect soluble in diesel fuel at ~40 °C. At this temperature were
prepared diesel fuel-animal fats (5% and 10% vol.)- buthanol (5% vol.) blends.

. In figure 1-3 are presented the some effects of the animal fat and buthanol in mixture
with diesel fuel.

In figure 1 the NOx emissions level variation with the animal fats content in mixture with
diesel fuel and buthanol (xm) is presented.

The NOx formation is favored of the high temperature zone associated to the preformed
mixtures combustion. Decreasing of NOx emission with 65% at the increasing of fats content,
figure 1, is explained by reduction of the preformed mixtures quantity because of the
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atomization aggravation, which leads to combustion temperature decrease comparative to
diesel engine fuelled with diesel fuel, figure 2.

€=13.74
500 1 p=13 CA

0 002 004 006 yp0.08 0.1 0.12

Figure 1: NOx emissions level versus animal fats content
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Figure 2: The gas temperature versus animal fats content
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Figure 3: Smoke emissions level versus animal fats content
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In figure 3 smoke emission level variation versus the percent of animal fats in mixture
with diesel fuel for same buthanol content is presented. Reduction of smoke emission level
may be explained by carbon content reduction and oxygen content increase at molecular level
(the animal fats and buthanol have higher oxygen content in their molecule). Comparative to
diesel fuel fuelled engine, a reduction with 87% of smoke emission level for x.=10% was
obtained.

3. CONCLUSIONS

The use of animal fats and buthanol in mixture with diesel fuel at the diesel engine
assures pollutant emissions decrease. The NOx and smoke emissions level decreases. Animal
fats can be considered a good alternative fuel for diesel engine, they achieving the partial
replace of the fossil fuels and resolving the major problem of origin animal wastes from
leather industry.
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ABSTRACT

The paper presents experimental investigations results of a car diesel engine fuelled with diesel
fuel and liquefied petroleum gas by diesel-gas method with the main purpose to reduce the level of the
nitrogen oxides emissions and the smoke emission. The use of LPG represents an efficient way to
reduce the classic fuels consumption, maintaining the energetic performances of the engine. The test
bed situated in the Thermotechnics, Engines, Thermal Equipments and Refrigeration Instalations
Department was adapted for liquefied petroleum gas fuelling of the diesel engine. The engine used for
investigations is a turbocharged 1.5 1 diesel engine which run at 3500 rpm and 70% engine load. By
LPG fuelling of the investigated diesel engine a decrease has been achieved in the nitrogen oxides
emissions level and in the smoke emission level. Also the break energetic specific consumption
decreased compared to the standard diesel engine. The results of the experimental investigations
confirm the viability of using LPG as an alternative fuel for the diesel engine.

1. INTRODUCTION

Liquefied petroleum gas, shortly LPG, is a fuel composed generally of propane and
butane, in different ratios (usually 30% propane and 70% butane). The ratio of each
component depends on season because in general in the cold season the propane ratio should
be increased and also the ratio of the components is different between producing companies.
Being a fuel with good combustion properties and a very good price liquefied petroleum gas
is a viable alternative as a fuel for the compression ignition engines.

Some fundamental properties of LPG are presented in the table 1, compared with the
diesel fuel properties.

Table 1. Liquefied petroleum gas properties [1].

Properties Diesel fuel Propane Butane
Density [kg/m?3] 800-840 503 500
Self ignition 355 481 544
temperature [°C]
Stoichiometric A/F 15 15.71 15.49
ratio [kg/kg]
Lower heating 42.5 46.34 45.55
value[MJ/kg]
Cetane number 40-55 -2 -2
Flame temperature 2054 1900 -

1phone: 0740634286; e-mail: cristi_cmt@ yahoo.com
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Fuelling a diesel engine with LPG involves specific methodes given that the LPG self
ignition temperature is higher than diesel fuel and the cetane number is very low. In this paper
the authors chose the Diesel-Gas method, where the gaseous LPG is injected in the intake
manifold of the engine.

This method has been applied also by Tariq Migdam in [2] with good results concerning
the brake specific energetic consumption and pollutant emissions. In the paper [ 3] the authors
chose for experimental investigations a car diesel engine, which was fuelled with LPG also
using the diesel-gas method. As a result for the experiments a reduction in the operating price
of the vehicle has been achieved. In the work [4] the authors decreased the level of the
nitrogen oxides emission fuelling the diesel engine with LPG. On the other hand the level of
unburned hydrocarbons increased but the authors managed to reduce this emission using a
glow plug with the main purpose to reduce the flame estinguishing phenomenon [4]. Also Pali
Rosha et al. in [ 5] by LPG fuelling a single cylinder diesel engine obtained a decrease in the
level of pollutant emissions. The level of nitrogen oxides emissions and carbon dioxide
emission decreased as against the standard diesel engine case, while emissions of unburned
hydrocarbons and carbon monoxide increased. In order to reduce these emissions the authors
used a percentage of recycled exhaust gas. Another example of a liquefied petroleum gas
diesel engine fuelling is presented in the paper [6] . The authors used liquefied petroleum gas
injection into the intake manifold of the engine and rapeseed oil which served as a pilot fuel
injection. The maximum substitute ratio of rapeseed oil with LPG was limited by cyclic
variability of the combustion process. The level of unburned hydrocarbons and carbon
monoxide emissions decreased but the level of nitrogen oxides emissions increased. To
reduce the emission of nitrogen oxides authors used also the exhaust gas recirculation.

This paper presents results of experimental investigations carried out on a car
compression ignition engine fueled with liquefied petroleum gas using the diesel-gas method.

The engine is located in one of the test beds of the Department of Thermotechnics,
Engines, Thermal Equipments and Refrigeration instalations .

2. EXPERIMENTAL STUDY

The experimental study was carried out on a car compression ignition engine type K9K,
with 4 cylinders in line. The specifications and performances of the engine are presented in
the table 2.

The test bed consist of: K9K 792 1.5 dCi diesel engine, equipped with a LPG fuelling
system. Laboratory equipments (figure 1) are: 1 — 1.5 dci diesel engine; 2 — engine cooling
system; 3 — engine water cooler; 4 — intercooler fan; 5 — engine angular encoder; 6 —AVL
piezoelectric pressure transducer; 7 — diesel fuel injector; 8 — LPG injector; 9 — Turbocharger;
10 — intake air drum; 11 — intake air flow meter; 12 — exhaust gas recirculation; 13 —Schenck
E90 dyno; 14 — dyno-engine coupling; 15 —Schenck E 90 dyno cooling water pump; 16 —dyno
cooling system; 17 —AVL Dicom 4000 gas analyzer; 18 ~AVL Dicom 4000 Opacimeter; 19 —
AVL charge amplifier; 20 — PC + AVL data acquisition system; 21 —Schenck E 90 dyno
controller; 22 — temperatures displays: a) — exhaust gas; b) — intake air; c) — engine oil; d) —
engine cooling liquid; e) — engine oil pressure; 23 — diesel fuel and LPG injection control
Laptop; 24 — diesel fuel tank; 25 — diesel fuel mass flow meter; 26 — fuel filters; 27 — high
pressure pump for common Rail; 28 —Common Rail; 29 — LPG tank; 30 — LPG mass flow
meter; 31 — LPG vaporizer; 32 -LPG ECU; 33 —diesel engine ECU; 34 —intercooler; 35-
supercharge pressure measuring system; 36- throttle actuator. The test bed diagram is
presented in the figure 1.
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Table 2. Specifications and performances of the K9K engine.

Number of cylinders 4
Bore 76 mm
Stroke 81 mm
Displacement 1.51
Compression ratio 18.3
Rated power 55 kW/3900 rpm
Maximum torque 156 Nm/2000 rpm
Admision type turbocharged

- 25

B Po1e
IS | 20
| T r!
iy }--- e
==]22

bd |
=1 |_

18

Eaat

h---mee-

Figure 1. The test bed diagram.

First time was determined the reference, fuelling the engine only with diesel fuel, than
the diesel fuel was partially substituted with liquefied petroleum gas with the purpose to
maintain the same engine power like in the standard case of fuelling with diesel fuel and to
reduce the pollutant emissions. For each substitute ratio investigated, the diesel fuel cycle
quantity was reduced and the LPG cycle quantity was increased. The energetic substitute ratio
mathematical relation is:

— MypG HiLPG

X — (1
mpcH )

+m
i1pc dieselfuel i
LPG f ldieselfuel

Where: m; p;- the LPG dose;
Mgjeselfuet-the diesel fuel dose;
H;- the lower heating value.

The investigated energetic substitute ratios of the diesel fuel with LPG was situated between
[0-40.63] %. and the working regimen was 70% engine load and 3500 rpm.

3. RESULTS AND DISCUSIONS

The pressure inside the cylinder increased for all the investigate substitute ratios of diesel
with LPG because of the intensification of the burning process due to the presence of LPG-air
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mixture in the combustion chamber and because LPG has a higher flame speed. The in-
cylinder maximum pressure variation is presented in the figure 1.
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Fig. 1. The maximum in-cylinder pressure.

The maximum rate of pressure rise also increased for all the cases because the flame has
a high speed in the homogeneous air-LPG mixture. The figure 2 presents the maximum rate of
pressure rise for the investigated cases.
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Fig. 2. The maximum rate of pressure rise.

The nitrogen oxides emission level decreased for all the investigated substitute ratios of
diesel fuel with LPG because liquefied petroleum gas has a lower flame temperature than
diesel fuel and because the combustion takes place in a shorter time, thus the nitrogen oxides
formation decreases. The nitrogen oxides emission is presented in the figure 3.
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Fig. 3. The nitrogen oxides emission.

For substitute ratios up to 26% the smoke emission level decreased for all the
investigated substitute ratios of diesel fuel with LPG because in the case of LPG fuelling the
burning rate of diffusive mixtures decreases and the burning rate of preformed mixtures
increases. For substitute ratios higher than 26% the smoke emission level increased due to the
lack of air, LPG being injected in the intake manifold and replace a part of air, in order to
reduce the smoke emission for higher substitute ratios the supercharging pressure must be
increased. The figure 4 presents the measured smoke emission level, evaluated by the opacity.
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Fig. 4. The smoke emission level.

The brake specific energetic consumption decreased in the case of LPG fuelling. Figure 5
presents the brake specific energetic consumption variation.
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Fig. 5. The energetic specific fuel consumption.
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4. CONCLUSIONS

At the LPG engine fuelling were observed the following:
1. The brake specific energetic consumption decreased with ~5% when the substitute ratio
was Xx.=40.63.
2. The nitrogen oxides emission decreased with ~23% for the substitute ratio x.=40.
3. The smoke emission level decreased for substitute ratios of diesel fuel with LPG lower than
26 increased for higher substitute ratios because of the worsening of intake process.
4. The maximum pressure and the maximum rate of pressure rise increased in the case of LPG
fuelling.
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ABSTRACT

Our country owns important vineyard cultivated surfaces. Along with other forms of biomass,
vineyards have the necessary energy characteristics to be used as renewable fuel in electrical / thermal
energy producing in small power plants. This paper aims to demonstrate the viability of a low power
cogeneration power plant when using such a resource.

1. INTRODUCTION

The use of biomass for energy production is an important way to reduce the impact of
energy systems on the environment and to implement the rules brought in this field by
European Union. Although the biomass has a considerable share in renewable energy in our
country, it has a reduced use for the production of electricity and heat, whether centralized or
collective-decentralized. The installed production capacity was 130.4 MW on April 1, 2018,
and prospects for the next three years are given in Table 1 [2].

Table 1. The evolution of net power available for biomass [MW]
2018 2019 2020
150 160 180

Biomass is commonly used in rural areas for heating and for food preparation. We
generally talk about low efficiency and high emission installations. About 14% of the biomass
energy is generated in modern facilities.

The paper considers the solid biomass from the vineyards that is the grapevines obtained
from the autumn and spring cuttings. Vines can be used energetically after drying, either by
chopping them or as pellets.

2. VINE ROOTS - RENEWABLE ENERGY FUEL

Vines are obtained from the maintenance process of the vineyards, from the autumn and
spring cuttings. Together with grape stones, the vines represent the renewable energy source
of wine cultures. The area planted with vines was approximately constant in recent years,
being 177.150 ha in 2017 [4, 5] and providing a safe source of raw material. However, in our
country we cannot speak of a tradition in energy recovery of vineyard byproducts. This is due
to the wide spread of crops, the lack of harvesting and baling machines, and the lack of drying
and storage infrastructure. In this context, the energy recovery of vineyards must also take
into account solutions that allow combustion together with wood waste, agricultural biomass
and biomass from energy crops (energy willow, poplar etc.) in the form of pellets, briquettes
or chopped.

! Splaiul Independentei nr. 313, sector 6, Bucharest, ROMANIA, PC RO-060042, +4021 4029158, oprea@caz.mecen.pub.ro
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In order to be handled, stored and processed, the vines are harvested and packed with a
special machine (Fig. 1). The typical dimensions of a bale are: diameter = 40 cm / length = 60
cm and weight of 15 kg/bale being easy to handle. During storage, the vines are dried, and
when the humidity drops below 20 percent, bales can be cut or milled to serve as fuel in
heating systems, or can be made into pellets. Upon cutting the vines have an average relative
humidity of 35% and the lower calorific value is Q;y = 12400 kJ/kg and, after drying, at 10%
humidity Q; = 16560 kl/kg [9, 16]. By storage and drying, the vineyards reach an average
moisture content of 10%, optimal for storage, burning or gasification, with a lower average
calorific value Q;= 19000 kJ/kg; the price is about 0.50 RON/kg.

One hectare of vineyard cultivation has an average of 4000-5000 vine stocks that
produce 