DOI : 10.52547/irenew.10.2.77

Research Article Volume 10, Issue 2, Autumn & Winter 2023, p. p. 77-89
Received: 12/02/22 Journal of Renewable and New Energy
jrenew.ir “% % f_v
. . S
Accepted: 02/26/23 Online ISSN 2676-2994 Print ISSN 2423-4931

Modeling and technical-economic analysis of the combined cooling, heat &
power systems (CCHP) based on a gas engine for use in a greenhouse in
Tehran

. o] . .
Jamasb Pirkandi!’, Morteza Hosseinpour?, Shabnam Mansoori’

1- Associate Professor, Faculty of Aerospace, Malek Ashtar University of Technology, Tehran, Iran.
2-Assisstant Professor, Renewable Energy Research Department, Niroo Research institute (NRI), Tehran, Iran.
3-Senior Researcher, Thermal Cycles and Heat Exchangers Research Department, Niroo Research institute (NRI), Tehran, Iran.
*P.0.B. 3159916111, Tehran, Iran, jpirkandi@mut.ac.ir
Received: 02 December 2022 Revised: 5 January 2023 Accepted: 6 February 2023

Abstract

The main purpose of this article is the technical and economic feasibility of CCHP technology for use in a greenhouse
in Tehran. In this research, a cucumber greenhouse with an area of 1 hectare, which consists of two structures of 0.5
hectare, has been analyzed and investigated. In order to analyze the technical-economic system used, calculations for
four scenarios including the basic and conventional system, CCHP with absorption chiller and selling electricity to the
grid, CCHP with absorption chiller and self-supply and CCHP with compression chiller and self-supply accepted.
According to the results obtained for each scenario as well as the comparison of the selected scenarios, the greenhouse
considered for the implementation of the CCHP system is not economical. The results of the research show that in case
of using the CCHP system with absorption chiller and selling electricity to the grid, in order to make the system
economical, the minimum rate of buying electricity from these units should be 3223 Rials per kilowatt hour.
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1. Introduction research. A schematic of this greenhouse is displayed
in Fig. 1. Also, the product of this greenhouse was
considered to be cucumber. For optimal use of the
greenhouse, the length of the greenhouse was
considered to be perpendicular to the dominant wind,
i.e., along the North-South direction, at latitudes lower
than 40° in order to maximize exposure to solar
radiation. As a result, the entrances were located along
the North-South direction. The optimal temperature
for cucumber growth and the suitable relative
humidity were taken to be 26°C and 75%,
respectively. The exterior design was determined
based on data from the Meteorological Office of
Tehran.

Providing electrical, heating and cooling energy in
greenhouses is of great importance. Due to the low
efficiency of most systems used in greenhouses today,
novel energy generation systems have attracted much
attention in recent years. Many greenhouses have
recently shown interest in modern combined cooling,
heating, and power (CCHP) systems. These systems
can provide efficient cooling energy to greenhouses
for warmer days if combined with absorption chillers
[1]. Moreover, they can mitigate productivity issues in
greenhouses’ mechanical facilities, which are affected
by summer heat. The present research conducted a
study of the energy costs of greenhouses in Tehran
using CCHP systems. To this end, the annual heating
and cooling needs of a greenhouse were determined
using real climate data from Tehran and by examining
the available daily meteorological data, recorded
electricity and natural gas prices, and the technical
specifications of the CCHP system.
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Figure 1. Schematic of the greenhouse
2. The studied greenhouse

3. Energy consumption in the greenhouse

A 1-hectare (10000-m2) greenhouse with two . .
and equipment selection

90mx8m 7-entrance structures was considered for the
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In order to determine the electrical energy consumed
by the greenhouse, the electricity needed for the well
pump and the lighting were computed. Electricity
consumption by pumps is a deciding factor in
electrical load calculations for greenhouses. Moreover,
the irrigation cost of a greenhouse is determined by
the amount of pumped water and the unit cost of
water. The irrigation pump cost depends on the type of
energy consumed to provide energy for the pumping
unit (Fig. 2). In this research, the pump calculations
were performed according to the needs of the
greenhouse and the depth of the well [2,3].

Pump house

ik
Figure 2. Schematic of supply water by pump

Lighting is another source of energy consumption
in greenhouses. Lighting in greenhouses is divided
into general lighting and plant-specific lighting. The
second type is not common in Iran, and hence the
corresponding electrical load was ignored. On the
other hand, the electrical load of general lighting can
be simply calculated based on the greenhouse area.
According to standards, the illuminance of a location
such as a greenhouse must be at least 100 lux (i.e.,
lumen/m2). This means that 1 W/m?2 is required using
modern lights. An important point in calculating the
lighting-related electrical energy is the lighting
schedule, which is prepared according to the duration
of the day and night [4]. The results for the required
heating, cooling, and flow rate obtained from
simulations in Carrier software are presented in Table
1. Furthermore, the energy required by the greenhouse
in different months was calculated using the
EnergyPlus software, with the results shown in Fig. 3.

Table 1. Heating and cooling loads of greenhouse

parameter value
Heating load 1790.4 [kW]
cooling load 5500.3 [kW]

Air flow rate 387644 [1/s]
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Figure 3. Simulation of Heating and cooling energy
required by the greenhouse during one year

4. Price of energy carriers

The price of electricity for production purposes (water
and agriculture) was considered as specified in the
table prepared by the Iranian Ministry of Energy [5].
On the other hand, based on the latest inquiries from
owners of CCHP units, the price of every kWh of
electricity generated by cogeneration units is 2800
Iranian Rials (IRR). The price of gas in the industrial
sector was also obtained from the tables specified by
the Ministry of Energy [6]. According to these tables,
the price of gas used by greenhouses in the warm and
cold seasons is 1150 IRR/m3 and 690 IRR/m3,
respectively. The price of gas for cogeneration power
plants differs based on whether the generated
electricity is sold to the grid or consumed by the
generator. This price is 50 IRR/m3 in the first case and
500 IRR/m3 in the second case [6].

5. Introducing the scenarios investigated in
this research

In this research, four scenarios were considered for the
technical-economic analysis of the greenhouse.

Scenario 1: CCHP with an absorption chiller and
electricity sale to the grid

In this scenario, the CCHP system was assumed to
meet the heating and cooling energy demands of the
greenhouse and to sell its generated electricity to the
grid. This case is appropriate for greenhouses with
access to the main grid. The revenues and
expenditures of the greenhouse were calculated for
this scenario and are presented in Table 2.

Table 2. Greenhouse energy revenues and costs in the
first scenario

Parameter Value

Income from selling
electricity to the grid
(Rials)

49056000000
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Annual gas savings

(Rials) 677237760
Annual electricity

costs (Rials) 244168988

Annual g cost 1984659811

(Rials)

calculated for this scenario and are presented in Table
5.

Table 5. Greenhouse energy revenues and costs in the
base scenario

Scenario 2: CCHP with a self-sustained absorption
chiller

This scenario often involves greenhouses that cannot
access the main grid and must provide their own
electricity. Such greenhouses are usually located in
remote areas with no grid presene. The revenues and
expenditures of the greenhouse were calculated for
this scenario and are presented in Table 3.

Table 3. Greenhouse energy revenues and costs in the
second scenario

Parameter Value

Income from selling

electricity to the grid 0
(Rials)
Annual gas savings 0
(Rials)
Annual electricity
costs (Rials) 168826028
Annual gas cost 861502890

(Rials)

Parameter Value

Income from selling

electricity to the grid 0
(Rials)

Annual gas savings
(Rials) 169309440

Annual electricity
costs (Rials)
Annual gas cost
(Rials)

0

2403505421

Scenario 3: CCHP with a self-sustained
compression chiller

This configuration is used when an absorption chiller
cannot be used in a greenhouse. High ambient
humidity, high dust levels, low availability of water,
and the unsuitability of water are among the factors
that make it impossible to use an absorption chiller
and a cooling tower. In such cases, air-cooled
compression chillers are often used. The revenues and
expenditures of the greenhouse were calculated for
this scenario and are presented in Table 4.

Table 4. Greenhouse energy revenues and costs in the
third scenario

Parameter Value

Income from selling

electricity to the grid 0
(Rials)
Annual gas savings 677237760
(Rials)
Annual electricity 0
costs (Rials)
Annual gas cost 2108160000

(Rials)

Scenario 4: Base scenario

In this research, an air washer along with a central
heating system was considered as the base scenario.
The revenues and expenditures of the greenhouse were
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6. Economic analysis results

This section presents the results of the economic
analysis for the three scenarios considered in Tehran
and a sensitivity analysis based on the wvarious
parameters.

6.1. Analysis of the CCHP system with an
absorption chiller and electricity sale to
the grid

In this scenario, the previous fixed costs were
considered. In addition, piping and installation costs,
assumed to be 1% of the fixed costs, were added, and
the cost of emergency power, which was unnecessary,
was deducted. Furthermore, the variable costs in this
scenario were considered to be wages, maintenance
and dissipation costs, unforeseen expenses, and the
cost of insurance. The wages were specified assuming
two personnel. The maintenance and dissipation costs
were taken to be 2.5% of the fixed costs based on
references [5]. Finally, the unforeseen and insurance
expenses were considered to be, respectively, 5% of
the wages, maintenance costs, and dissipation and
0.2% of the fixed costs. According to the results, the
internal rate of return and the net present value in this
scenario were 16.9% and -70892, respectively.
Hence, since the internal rate of return was determined
to be lower than the discount rate (20%), this scenario
was not economical with the given conditions and
assumptions. The results indicated that supporting this
scenario requires a minimum rate of 3223 Rials per
kilowatt hour for purchasing electricity from the
CCHP units.

6.2. Analysis of the CCHP system with a
self-sustained absorption chiller

Since the greenhouse’s location was unspecified, the
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required length of the line was considered to be 50
km, and the other parameters were studied using
sensitivity analysis. Based on the results, the internal
rate of return of this scenario could not be calculated
(since the revenue streams of all the years were
negative) and the net present value was -220872.
Consequently, this scenario was not economical with
the given conditions and assumptions. The research
results show that if the greenhouse is located where
there is a need for 176 km of transmission lines, the
net present value becomes zero, making the scenario
economical.

6.3. Analysis of the CCHP system with a
self-sustained compression chiller

Based on the results, the internal rate of return of this
scenario could not be calculated (since the revenue
streams of all the years were negative), and the net
present value was -440180. Consequently, this
scenario was not economical with the given conditions
and assumptions. As mentioned previously, the
CCHP-equipped greenhouse was assumed to be at a
location requiring 50 km of transmission lines. The
inflation rate was used to calculate the wvariable
expenditures and revenues after the base year. Studies
indicated that this scenario becomes more economical
with a reduction in inflation since the investment cash
flow, which is negative in this scenario, decreases. On
the other hand, the results showed that if the
greenhouse is located where there is a need for 302 km
of transmission lines, the net present value becomes
zero, and the scenario becomes economical.

7. Conclusions

Based on the results, the following three overall
conclusions can be made:

For the CCHP system with an absorption chiller
and electricity sale to the grid, the internal rate of
return and the net present value were 16.9% and -
70892, respectively. The results indicated that
supporting this scenario requires a minimum rate of
3223 rials per kilowatt hour for purchasing electricity
from the CCHP units. Moreover, this scenario
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becomes economical with an increase in the inflation
rate to 18.5% while the other variables are fixed.

Based on the results, the internal rate of return of
the CCHP system with the self-sustained absorption
chiller could not be calculated (since the revenue
streams of all the years were negative), and the net
present value was -220872. Consequently, this
scenario was not economical with the given conditions
and assumptions. The research results show that if the
greenhouse in this system is located where 176 km of
transmission lines are required, the net present value
becomes zero, making the scenario economical.

The internal rate of return of the CCHP system
with the self-sustained compression chiller could not
be calculated (since the revenue streams of all the
years were negative), and the net present value was -
440180. Consequently, this scenario was not
economical with the given conditions and
assumptions. Moreover, the results indicated that this
scenario becomes more economical with a reduction
in inflation since the investment cash flow, which is
negative in this scenario, decreases. On the other hand,
if the greenhouse is located where there is a need for
302 km of transmission line, the net present value
becomes zero, and the scenario becomes economical.
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Abstract

Providing electrical, thermal and cooling energy in greenhouses is a very important issue. Due to the low efficiency of
most of the conventional systems in greenhouses, the use of simultaneous production of electricity, heat and cooling
(CCHP) systems has been highly considered in recent years. The main purpose of this article is the technical and
economic feasibility of CCHP technology for use in a greenhouse in Tehran. In this research, a cucumber greenhouse
with an area of 1 hectare, which consists of two structures of 0.5 hectare, has been analyzed and investigated. In order to
analyze the technical-economic system used, calculations for four scenarios including the basic and conventional
system, CCHP with absorption chiller and selling electricity to the grid, CCHP with absorption chiller and self-supply
and CCHP with compression chiller and self-supply accepted. According to the results obtained for each scenario as
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well as the comparison of the selected scenarios, the greenhouse considered for the implementation of the CCHP system
is not economical. The results of the research show that in case of using the CCHP system with absorption chiller and
selling electricity to the grid, in order to make the system economical, the minimum rate of buying electricity from these
units should be 3223 Rials per kilowatt hour. In the CCHP system with absorption chiller and self-supply, if the location
of the greenhouse is such that 176 kilometers of transmission line is needed, this scenario becomes economical.

Keywords: greenhouse, Technical-economic analysis, CCHP, Inflation, Sensitivity analysis
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