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U ovom radu su predstavljena tehnicka resenja za niskotemperaturne energetske sisteme za
zagrevanje plastenika. Racionalna upotreba niskotemperaturne toplotne energije — iz geotermalnih
voda i/ili toplotnih pumpi — dovodi do poboljsanja energetske efikasnosti, tehno-ekonomske isplati-
vosti i garantovanih ekoloSkih pogodnosti. Zbog specificnosti nase klime (izuzetno niske temperature
u relativno kratkom vremenskom periodu), postoji potreba za projektovanjem sistema u kojem se
osnovne toplotne potrebe pokrivaju generatorom toplote ¢iji je kapacitet relativno mali, ali proizvodi
veliki procenat jeftine energije (geotermalne vode, toplotne pumpe, niskotemperaturna energija iz
industrijskih procesa itd.), dok se vrsne potrebe za toplotom pokrivaju jeftinim generatorom toplote
koji obezbeduje manji deo energije. Znacajnu stavku u ceni energetskog sistema cini povrsina za
razmenu toplote. U radu su prikazane analize stepena pokrivenosti jeftinom energijom za grejanje
plastenika, u zavisnosti od kapaciteta osnovnog generatora toplote i velicine povrsine za razmenu
toplote. U svakom slucaju, potrebna je relativno velika povrsina za razmenu toplote. Zbog toga je
neophodno projektovati cirkulacione sisteme sa dvostruki cevni krug, gde ¢e povrsine za razmenu
toplote funkcionisati nezavisno ili zajedno u zavisnosti od spoljne temperature, odnosno potrebnog
toplotnog kapaciteta.

Technical solutions for low-temperature energy systems for greenhouse heating are presented
in this paper. The rational use of low-temperature thermal energy - from geothermal waters and / or
heat pumps - leads to improved energy efficiency and techno-economic profitability and guaranteed
environmental benefits. Due to the specifics of our climate (extremely low temperatures in a relatively
short time period), there is a need to design a system in which the basic heat needs are covered by a
heat generator which capacity is relatively small but generates a large percentage of cheap energy
(geothermal waters, heat pumps, low-temperature energy from industrial processes, etc.), and the
peak heat needs are covered by a cheap heat generator, which covers a small part of the energy. A
significant rate in the cost of the energy system is the heat exchange surface. Analyses are presented
for the degree of coverage with cheap energy for greenhouse heating, depending on the capacity of
the base heat generator and the size of the heat exchange surface. In any case, it is needed a relatively
large heat exchange surface. Therefore, it is necessary to design double-circuit circulation heating
systems, where heat exchange surfaces will function independently or together depending on the out-
side temperature, i.e. needed heat capacity.
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1. Introduction

The chronic shortage and the multiple increase in the price of classic fuels have imposed the
need for their rational use and finding opportunities for using renewable energy sources. Using the
energy of geothermal waters with the application of low-temperature heat pumps in greenhouse heat-
ing systems is a solution aimed at reducing energy consumption.

The subject of this paper is combined double circuit circulation heating systems where energy
for heating is obtained from two heating sources. One of them will serve as a base heat generator
which will be a relatively expensive investment with a capacity that is relatively small but generates
a large percentage of cheap energy extracted from geothermal waters or low-temperature energy from
industrial processes in combination with heat pumps. The other one is a peak heat generator that is
relatively cheap , which covers a small part of the energy that would be more expensive.

Geothermal resources are the thermal energy that could reasonably be extracted at costs com-
petitive with other forms of energy at some specified future time [1].

Rational utilization of geothermal energy for green house heating is presented in [2]. A method
for techno — economic optimization of a district heating system with a heat pump is given in [3].
Optimization of the heat pump system in a greenhouse complex with the utilization of the heat from
the geothermal water provides possibilities for rational application of heat pumps and low tempera-
ture waste heat for heating [4].

Utilization of waste heat from gas engine and the improvement of the heat quality using a heat
pump system is presented in [5]

Comparative technoeconomic analysis of low temperature heating systems using industrial
waste heat and/or geothermal water heating energy, with boiler heating systems using traditional
fossil fuels, electrical heating systems and heating systems with heat pumps is presented in [6].

Geothermal waters are in principle a relatively cheap energy resource. However, their exploi-
tation requires investment in geothermal wells, deep well pumps, pipelines, heat exchange stations,
etc. Also, the temperature level of geothermal water is limited. Therefore, a relatively large heat ex-
change surface i.e. the installation of a relatively large number of heating pipes is required to achieve
the heat transfer needed, which, in addition to the investment, could a problem with the placement of
the heating pipes in the greenhouse. One efficient way to rationally use the energy of geothermal
waters is to use it as a lower heat source in the heat pump evaporator, after it has been initially used
in the primary circulation circuit of heating pipes. In this way, the geothermal water energy is fully
utilized, and the heat pump provides a higher temperature level that is suitable for heating. The tem-
perature modes of the hot water in the heating pipes of the circulation circuit of the heat pump are
equivalent to the temperature modes of the geothermal water in the primary circulation circuit.

Given the favorable temperature parameters of the heat pump - the relatively high evaporation
temperature and the relatively small temperature difference between the condensation temperature
and the evaporation temperature, high values of the thermal transformation coefficient COP are
achieved, which means the ratio between the heat of condensation and the heat of the evaporator and
is a basic indicator of the heat pump energy efficiency.

To utilize the energy from geothermal water, it is necessary to design the tubular heating regis-
ters in separate circulation circuits, whereby at higher outside temperatures all tubular heating regis-
ters will use energy from the geothermal water. This enables the utilization of the geothermal water
energy in entire heating season. It should be taken into account that when using geothermal water
energy and heat pumps, the heating pipes, i.e. the heat exchange surfaces in the greenhouse, are quite
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large, which poses a problem in the initial investment as well as in the placement of the tubular reg-
isters in the greenhouse.

Peak heat needs will be covered with classic fuels (liquid fuel or gas boilers, electric heaters,
etc.).

The purpose of this paper is to present an analysis for the degree of coverage with cheap energy
for greenhouse heating, depending on the capacity of the base heat generator and the size of the heat
exchange surface. Different combinations of ratios of capacities and heat exchange surfaces between
the base and peak heat generator are presented.

2.Concept of combined energy efficient system for heating of greenhouses

Optimal design of an energy system for greenhouse heating is a complex task, which realization
requires the definition and development of several factors, namely: external climatic conditions and
the requirements for optimal microclimatic conditions in the greenhouse space, thermal and techno-
economic characteristics of the subsystems and their components and their interconnection, etc.
Given the specifics of our climate area, the peak in the heating diagram is extremely sharp.

According to the techno-economic criterion of optimization, the total annual costs (investment
and operating costs — for energy and maintenance) should be minimal. From here, a solution is im-
posed in which the base heat needs will be covered with cheap heat energy, and the peak heat needs
with a cheap energy generator. The base heat generator (geothermal water, heat pump or a combina-
tion of both) although with a relatively small installed capacity will cover a large part of the energy
needed during the heating season (with 50% of the design heat capacity, the base heat generator will
cover up to 80% of the energy needed). The peak heat generator (liquid fuel or gas boiler, electric air
heaters, etc.) should be cheaper, so although the energy generated from it will be more expensive,
given that it will operate for a relatively short period of time, it will cover a small percentage of the
required energy (Figure 1). On the left side a heat load duration diagram is shown for an energy
system consisting of geothermal water as a base heat generator, a heat pump that uses the energy from
the cooled water as a lower heat source, and a peak heat generator (liquid fuel or gas boiler, electricity,
etc.). On the right side the share of energy that will be produced by the base heat generator depending
on its capacity is presented. If the geothermal water has aggressive and sedimentary properties, a heat
exchange station consisting of lamellar heat exchangers should be installed.

The heat exchange surface most often consists of tubular heating registers installed in the green-
house. It has a significant impact on the techno-economic characteristics of the energy system. Given
that the temperature mode of the hot water is relatively low, regardless of whether the system is
designed with geothermal water, a heat pump or both, the heat exchange surface of the heating ele-
ments in the greenhouse is relatively large. Geothermal water utilization at a lower temperature in-
creases the share of the base heat generator, which results in greater energy savings. Also, the opera-
tion of the heat pump in lower temperature modes — higher evaporation temperatures and lower con-
densation temperatures contributes to improving the thermal performance of the plant —higher values
of the thermal transformation coefficient. However, it should be taken into account that at lower tem-
perature modes it is necessary to increase the heat exchange surface, which means a greater invest-
ment in heating elements.

The heat exchange surface A (m?) - the surface area of the heating tube registers is calculated
using the following equation:

A= Q / (K Atsr) (l)



94 56" INTERNATIONAL HVAC&R CONGRESS AND EXHIBITION

where Q (W) is the required heat capacity, K (W/m?K) is the heat transfer coefficient from the tube
to the ambient air, Atsr (K) is the temperature difference between the average temperature of the hot
water and the air.
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Figure 1. Scheme of a double circuit combined system, heat load duration chart for greenhouse
heating system with geothermal water heat source/heat pump and peak heat generator

The single-circuit heating system with a common heat exchange surface of the low-temperature
system (base heat generator) and the high-temperature system (peak heat generator) allows the oper-
ation of the low-temperature system only at relatively high outside temperatures. In this way, the
utilization of cheap thermal energy from the base heat generator (geothermal water or heat pump) is
low. Most of the energy is covered by the peak heat generator, whose generated thermal energy is
expensive. Figure 2 shows a scheme and a heating diagram of a single-circuit system when the heat
exchange surface is dimensioned for a high-temperature mode (peak heat generator) of 90/70 °C (twsr
= 80°C), and the temperature mode of the low-temperature system (base heat generator) is 55/45°C
(twsr = 50°C). In this case, the base heat generator (cheap heat energy) will be used up to outside
temperature to = 2.5°C, and below that temperature the peak heat generator will be used.

By implementing double circuit heating systems, it is possible to operate the low-temperature
system for a longer period. However, in this case, it is necessary to increase the heat exchange surface.

Figure 3 shows a heat load duration diagram and the ratios of heat capacities (kW) and heat
exchange
surfaces (m?) for double circuit system.The heat load duration diagram is for the case when the heat
exchange surface At is dimensioned for the peak heat generator (At = Ap) — high temperature mode,
but the regulation system allows simultaneous operation of the low-temperature (base heat generator)
and high-temperature (peak heat generator). Up to an outside temperature to = 2.5°C, only the base
heat generator operates, and below that temperature, the top heat generator gradually switches on and
“takes over” part of the heat exchange surface and covers an appropriate part of the required heat.

The installed capacity of the base and top heat generators is equal to half of the design capacity
(Qp = Qp = Qd/2). At outside design temperature of tq = -15°C, only the top heat generator operates.
At outside temperature of t, = -5°C, the base heat generator covers 40% of the required capacity, and
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the top heat generator 60%. The base heat generator covers approximately 60% of the required energy
during the heating season.
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Figure 2. Scheme and heating diagram of a single circuit combined system
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Figure 3. Heat load duration diagram of a combined system when At =A,

Figure 4 shows a case of a double circuit heating system where the heat exchange surface At is
equivalent to the sum of the heat exchange surfaces for low-temperature A, and high-temperature
mode Ap (At = Ab + Ap). In this case, the heat capacity of the base and peak heat generators equals
half of the design capacity (Q» = Qp = Qd/2). Only the base heat generator operates at outside temper-
ature to = 2.5°C, and below that temperature the peak heat generator is switched on gradually. But,
unlike the previous case, the base heat generator operates continuously throughout the entire heating
season and generates cheap energy. The base heat generator covers approximately 82% of the re-
quired energy during the heating season. If electric air heaters serve the role of the peak heat genera-
tor, no heat exchange surface is required for the peak heat generator (Ap = 0).
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Figure 4. Heating diagram of a double circuit combined system when At = Ap + Ap

Figure 5 shows a heat load duration diagram of a combined double circuit system where the
heat capacity of the base heat generator is 60% of the design capacity, and the total heat exchange
surface is 80% of the total required for both temperature regimes (A, = 0.8A¢). In case of outside
temperatures up to to = -1 °C and higher, only the base heat generator operates and the entire heat
exchange surface of the heating elements is used in low-temperature regime. The top heat generator
is switched on at lower outside temperatures and supplies part of the required energy. At outside
temperature to = -5°C, the required heat capacity is 71% of the design capacity. In this case, 69% of
the required capacity is covered by the base heat generator and 31% by the top heat generator. 82%
of the available heat exchange surface is used by the base heat generator and 18% by the top heat
generator. At outside temperature to = -10 °C, the required heat capacity is 86% of the design capacity.
In this case, 40% of the required capacity is covered by the base heat generator and 60% by the top
heat generator. 57% of the available heat exchange surface is used by the base heat generator and
43% by the top heat generator. At outside temperature tq = -15°C, the capacity of the base heat gen-
erator is 20% of the required - design capacity. The base heat generator covers approximately 68%
of the required energy during the heating season.

Continuous operation of the base heat generator during the heating season at full capacity re-
sults in a reduction in energy costs, but also in an increase in the heat exchange surface of the heating
elements. In doing so, investment costs should be considered as well as possible problems with the
placement of pipe registers.

The following table shows the amount of heat exchange surface for a greenhouse with a design
heat capacity of 100 kW, depending on the heat capacity of the base heat generator. The temperature
mode of the base heat generator is 55/45 °C (twsr= 50°C), and of the peak heat generator 90/70°C (twsr
= 80°C).
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Figure 5. Heat load duration diagram of a combined system when Qp = 0.6Quq, Ab=0,8A¢

Table 1. Heat exchange surface area as a function of heat capacity

Qb (kW) Qp (kW) Ab (m?) Ap (m?) At (m?)
30 70 100 117 217
40 60 133 100 233
50 50 167 83 250
60 40 200 67 267
70 30 233 50 283

3. Conclusions

Rational use of energy for greenhouse complexes heating in conditions of shortage and expen-
sive energy sources is a top priority. Using renewable energy sources such as geothermal water and
heat pump systems makes a significant contribution to the reduction of the production cost and the
costs of greenhouse agriculture. Using geothermal water and heat pumps as a base heat generator
allows covering a larger part of the required greenhouse heating energy. The peak heat generator is
used to cover peaks, so the energy consumed is low, and the operation period is short. With a base
heat generator capacity of 50% of the design, approximately 80% of the required energy in the heating
season is covered. The base heat generator works in a low-temperature mode, so in order to realize
the large percentage of energy it is necessary to increase the heat exchange surface, which is a real
problem. Because of that, the design of energy systems should be carried out according to the techno-
economic criteria, where the sum of investment costs (system performance) and operating costs (en-
ergy costs, maintenance, etc.) will be minimal.
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