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ARTICLE INFO ABSTRACT
. . This research simulates a geothermal heat pump system needed to grow hemp
Article History: plants for medical applications in Ardabil, Iran. Supplying energy for the
) cultivation of hemp plants can sometimes impose many costs. On the other
Received 08 October, 2022 hand, it is impossible to ignore the release of carbon dioxide to produce energy
Revised 17 November, 2022 for the cultivation of this plant. In this regard, in this article, we will check the
Accepted 07 Decemberb, 2022 performance of a geothermal heat pump system and evaluate its output for

cultivating the Hemet plant in the greenhouse. The results show that

considering the cultivation of industrial hemp twice a year, the equivalent of

Keywords: 17.74 to 26.62 tons of carbon dioxide is saved per hectare. According to the 4
Geo_ther.mal energy, hectares under cultivation in the designed greenhouse, a figure equal to 70.96
cultivation of industrial hemp plant, to 106.48 tons of carbon dioxide per year is stored due to hemp plant
greenhouse, cultivation in the greenhouse. In addition, using a heat pump system

renewable energy equivalent to 6.64 tons of oxide prevents the emission of greenhouse gases

through renewable energy, which creates a negative carbon greenhouse
system. Also, the heat capacity of the geothermal pump to supply energy to
the greenhouse is equal to 570.2 kilowatts, which is dependent on the height
and optimal temperature of the greenhouse. With the increase of these design
parameters, the required heat capacity also increases.

Introduction million dollars, including seeds, oil, fiber, and
Hemp is the name of the flower buds and leaves of products made from these materials. Some of the
the hemp plant, which contains psychoactive and largest hemp-producing countries in the world
therapeutic oils. Humans have used these oils for include China, Russia, Korea, Canada, Chile,
medicinal and recreational purposes for thousands France, Britain, Romania, and Hungary. At the turn
of years. Historically, hemp crops are grown in of the century, the world's industrial hemp harvest
some markets for almost every country worldwide. was estimated at more than 70,000 hectares
While in some others, they are prohibited, about 30 annually. The Drug and Crime Agency estimated
countries in Europe, Asia, and South America allow that global marijuana cultivation is between
farmers to grow hemp, according to a 2012 US 470,000 and 600,000 hectares per year, which is
Congressional Research Service report on hemp as almost ten times the production of hemp. In 2006,
a global agricultural commodity. In some instances, most marijuana was produced in America (55%)
Hemp can also be used as an alternative to wood and Africa (22%), followed by Asia and Europe.
pulp; it is frequently used in papermaking and is a The largest eradication of hemp in the world was
sustainable alternative to fiberglass insulation in produced in Mexico, over 30,000 hectares (United
buildings. In 2021, total US Imports of selected Nations, 2008); hemp is a very valuable plant that
hemp products were estimated to be over ten grows in almost all inhabited areas. It can be

cultivated with relatively little maintenance in large,
* Corresponding Author Email: a_ahmadi@iust.ac.ir small, and indoors.
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Model description
The overall schematic of the evaluated system is
shown in Figure 1.

s{m)

The values used in the design of the greenhouse
are shown in Table 1.

Heat transfer coefficient (W/m2K)
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Fig. 1. General schematic of the greenhouse system
Table 1. Values used in greenhouse design
Row  Parameter The amount of the unit
1 Greenhouse area 5 hectares
2 The length of the greenhouse 500 Meter
3 The width of the greenhouse 100 Meter
4 The height of the greenhouse 5 Meter
5 Heat transfer coefficient of the walls (double polycarbonate) 0.6 Btu/hr-ft2-°F
6 The temperature inside the greenhouse is suitable for hemp cultivation 70 Fahrenheit
7 Ambient temperature in the coldest time (Ardabil design temperature) 17 Fahrenheit
8 coefficient of air change 0.7 -
9 Hemp planting times per year 2 -

No heat pump ever constructed can outperform
the Carnot cycle. The vapor compression cycle in
heat pumps is one of the cycles used to achieve a
higher Coefficient of Performance (COP). Vapor
compression is one of the methods used for heat
pumping. There are various methods for transferring
heat between two heat sources, and as mentioned, the
vapor compression cycle is one of these methods.
Refrigeration cycles, absorption cycles, gas
compression, and thermoelectric methods are also
available. These methods generally require some
form of mechanical, electronic, or thermal energy
input to operate. A suitable definition can be
provided for the Coefficient of Performance (COP).
The ratio of energy delivered (E) to the input work
energy (Q) is a general measure of the efficiency of a
heat pump. This ratio goes by various names, such as
COP, heating coefficient, heat output ratio,
performance ratio, and energy ratio, with COP being
the most commonly used term. For a heating unit to
be useful, its COP must be greater than one, and the
higher this value, the more efficient the heat pump
will be. For large machines that operate between
heat sources with a significant temperature
difference, COP values between 5 and 6 can be
achieved.
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For small units that utilize outside air as their
heat source, a Coefficient of Performance (COP)
typically falls between 2 and 3. When a heat pump
unit is in cooling mode and the thermostat is set for
cooling, heat is absorbed from the indoor air. This
process occurs by evaporating the refrigerant in the
indoor coil. Consequently, the indoor air becomes
cooler, and its humidity is removed. The
conditioned air is then distributed to the required
space through the ductwork system. The refrigerant
vapor is cooled, transformed into a liquid, returned
to the indoor coil, and the cycle repeats. The heating
mode operates similarly.

Results and discussion

As a product, the hemp plant is compatible with the
environment and grows quickly compared to trees
and other plants. Industrial hemp requires limited
maintenance, and due to its deep rooting
characteristics, carbon CO2 increases from the early
stages of soil absorption during reclamation
cultivation. Considering the high potential of hemp
cultivation in attracting cranes, we designed a
greenhouse for growing hemp plants in this study.
To prevent the emission of greenhouse gases caused
by the consumption of fossil fuels, we used
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geothermal energy to supply energy to the
greenhouse, and for this purpose, we designed a
geothermal heat pump system; the results showed
that considering 2 times plant cultivation industrial
hemp is stored every year, equivalent to 17.74 to
26.62 tons of carbon dioxide per hectare. According
to the 4 hectares under cultivation in the designed
greenhouse, a figure equal to 70-96 to 106-48 tons
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of carbon dioxide per year is stored due to the
cultivation of the hemp plant in the greenhouse.
Also, the capacity of the geothermal heat pump to
supply energy to the greenhouse is equal to 570.2
kW, which depends on the height and optimal
temperature of the greenhouse. With the increase of
these design parameters, the required capacity of
the heat pump also increases.
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