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Abstract – We live an energy crisis and we need to find solutions to assure the heat 

in residential buildings and why not to produce vegetables. An option is to use the heat 

pump air-water. We intend to design a plant based on heat pump air- water to warm the 

soil in greenhouses. The power necessary to work the heat pumps will be produce by the 

sun using photovoltaic systems. 
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1. INTRODUCTION 

 

Natural gas and coal are mainly used to produce the thermal energy required for 

heating buildings as well as for use in industrial processes in Romania. The new Energy 

Efficiency Directive (EU)2023/1791 has been published in the EU Official Journal. It will 

enter into force 20 day after publication, members countries have two years to implement it. 

By banning gas plants, the EU want to save 11.7 % of final primary energy compared to the 

reference scenario(year 2020) [1]. 

A very large share of the primary energy consumption within the European Union 

represents the technological consumption. That, is why a solution for harnessing energy 

from the environment is the use of air-water heat pumps, the thermal energy produced has a 

reduced potential corresponding to temperatures below 50 ̊C [2]. 

Thus, when choosing a heat pump, regardless of the nature of residential or 

technological consumers, the degree of energy coverage of the heat requirement and the 

share of electricity related to the pump must be analyzed. In the case of thermal agent 

parameters lower than 50 C̊, we expect the ratio between the degree of energy coverage and 

the relative nominal electric power of the heat pump to be a favorable one [3]. 

The installation of a photovoltaic system and an air-water heat pump can lead to a 

decrease in electricity costs by more than 40% compared to the existing situation where 

consumers are supplied with thermal energy from the city's thermal network and electricity 

from national system. Also, for an even greater increase in the efficiency of the air-water 

heat pump, it is obtained by lowering the temperature regime in the consumers' facilities, 

thus resulting in a decrease in the consumption of electricity from the national network by 

more than 7%.[4 ], [5]. 

The use of thermal energy produced by thermal power plant for heating soil in 

greenhouses was studied in 1971 and 1978 according to [6]. Great attention was paid to the 

utilization of residual heat obtained from technological processes. The cooling water of 

condensers with low parameters of 25-40 C̊ was used to heat the soil in the greenhouse with 

the aim of increasing vegetable production. 
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In this paper we propose to present the integration of the air water heat pump for 

production of thermal agent with low parameters 25-35 C̊ to heat the soil in greenhouses in 

order to produce vegetables. The study demonstrates the sustainability of solution. 

 

2. EXPERIMENT DESCRIPTION 

 

In our study we use aaheat pump air water with maximum heating power 10 kW. In 

the graf below we present the relation between extermal temperature and heat capacity for 

our pump, information offert by the producer (according with the technical data). 

 

 
Fig 1 Relation between air temperature and heat capacity for a heat pump with max  

10 kW-according with the technical data 

 

In our study we make the analize for a month, January 2022, for this month we have 

the external temperature, Tab.1, below. 

The energy requirement provided by the pump for the month of January 2022 is shown 

below by applying the method of temperature intervals (bin method). The method establishes 

the hourly frequency of temperatures during the month of January 2022 by summing the 

hours characterized by a certain temperature interval. Table no. 2 show the application of the 

bin method and the calculation of the resulting energy requirement Tab.3. [8]. 

 

Table 1 

Interval temperature 

⁰C 

Temperature 

⁰C 
Hours 

-9/-7 -8 8 

-7/-5 -6 24 

-8/-6 -7 21 

-5/-3 -4 16 

-4/-2 -3 24 

-3/-1 -2 24 

-2/0 -1 16 

-1/1 0 16 

1/3 1 40 

1/3 2 24 

2/4 3 24 
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3/5 4 16 

5/7 6 40 

   

7/9 8 16 

8/10 9 24 

9/11 10 8 

11/13 12 8 

15/17 16 8 

   

 

Table 2 Bin method to calculate de energy consumption and Standard COP for Heat Pump 

air –water 10kW 

Air temperature COP 

-25 2.17 

-20 2.56 

-15 3.01 

-7 3.67 

2 3.98 

7 4.58 

12 4.99 

20 5.59 

Water temperature 35C 

 

3. RESULTS AND SIGNIFICANCES 

 

Table 3 The performances of Heat pump air –water 10kW. Bin method 
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Fig 2 Placement of the soil heating coil in the greenhouse (polyethylene DN 40 mm 

positioned at 30 cm in the ground) 

 

To determine the heat taken by the soil from thermal agent we will consider the pipes 

placed in the soil according with Fig. 2 at depth 30 cm, these pipes will lose heat according 

with relation (1): 

 

∆q = (t_ag-t_s)/R_s     [W/m]                                                                                               (1) 

 

The temperature of thermal agent is [35]^°C, the temperature of soil is [10]^°C, the 

thermal conductivity of soil is 1.2 [W/mK]. Thermal resistance of soil we calculate it and 

we get 0.44 [mK/W]. The heat taken by the soil is 56.81 [W/m]. 

So, the heat taken by the soil is approximate 5000W. 

 

4. CONCLUSION 

 

This study wants to demonstrate the application of heat pump in agriculture as well in 

heating building. For a greenhouse with 40 sq m the heat pump air water can provide water 

with 35 ̊C to heat the soil and to supply energy to heat the air inside the greenhouse (we 

calculate the heat load for 12 ̊C inside temperature). Analyzing the Table 3 we concluded 

that energy of air could assure the heating load for a greenhouse.  

So, to heat the soil in greenhouse with 40 sq m we can use an heat pump air water 

with 10 kW heat power. 

The general conclusion of the study is: the air water heat pump can be an option for 

providing the energy necessary for the operation of a greenhouse. 
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