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Extended Abstract
Introduction: Agriculture is the largest consumer of water in the world, and employing non-conventional
water resources along with treatment and recycling is considered the main resource in addressing future water
scarcity. In a process, by dissolving different materials at different costs in water, different solutions are made,
each of which has its own application to achieve the goal of the system. Eventually, water flows out of the
system as sewage after passing through various technologies. Recycling makes it possible to convert low
quality water (wastewater) into high quality water (Fresh water).
As reviewed, LCA, ELCA, water flow exergy analysis, physical hydronomic, and exergy cost analysis are
among the methods used in previous research to express the recycling effect and reflect water quality.
However, in order to achieve a comprehensive analysis of the recycling system, there are some shortcomings in
the mentioned methods as following:
- Lack of reflection of flow quality in analysis (LCA defect)
- Lack of comprehensiveness of water quality indicators, such as BOD, TOC, TDS, and so on, to
compare all water flows in the system. Although these indicators indicate the differentiation of flows in
terms of standards related to the dimensions of one of the mentioned criteria, they do not provide the
possibility of comparing different flows considering the system goal (sustainable production) as well as
classifying flows in different sectors (the shortcoming of water environmental indicators)
- Impossibility of reflecting the cost consumed for the flow and, therefore, the impossibility of
providing differentiation of several water flows in different parts of the system (the shortcoming of
exergy analysis)
- Failure to consider the role of technology and the flow of capital expenditure for it (the shortcoming
of exergy cost analysis)
- Impossibility of monetizing methods to facilitate decision-making for use in policy-making
Previous studies have not investigated exergy losses and exergy destruction in the analysis of fertigation
recycling system and comprehensive exergoeconomic analysis on fertigation system. Besides, they have not
compared the results for both open and close systems (recycling system). Due to the shortcomings mentioned in
the previous works, the present study has employed the thermo-economic method to integrate the cost of
resource consumption with other economic cost items and finally, to express the distribution of
exergoeconomic cost accumulation of flows in the system and monetize the results. Finally, for the first time,
the distinction between different systems of water flow and their classification, based on exergoeconomic cost
accumulation, has been presented in the form of a water quality pyramid.
Materials and Methods: In this case study, exergoeconomic cost, through using a hydroponic greenhouse
system for rose cultivation, was investigated in a recycling process by comparing three scenarios including an
open cycle, an open cycle considering exergy abatement cost, and a close cycle (nutrition water recycling).
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The conceptual model of the case study has been elaborated. After describing the methodology including the
equations of exergy analysis and thermoeconomic analysis, the exergoeconomic cost of production from
recycling in a comprised format of open, open cycle considering exergy abatement cost, and close hydroponic
irrigation cycle is presented. In fact, this is one of the innovations the present research has contributed to
current literature.

Next, the water quality pyramid for classification and differentiation of water flows in the greenhouse
system, based on the unit exergoeconomic cost index is formed, which is one of the most important
achievements of the present study.

Result: Results show that the exergoeconomic cost for producing 212,500 rose cut-flowers in a 6-monthcold
period, when heat was supplied by boiler for the above mentioned scenarios were about $15760, $16,525 and
$14,718 respectively. Also, the thermoeconomic indicators of the unit exercoeconomic costs were 74.2, 77.8
and 69.3 $.Gj-1 respectively. In the close cycle, the drainage of water recycling decreased total exergy losses by
4.02 Gj.y', of which a reduction of 1.24 Gj.y" was due to the reduced inlet water and 1.91 Gj.y" for the inlet
fertilizer reduction, while an increase of 1.12 Gj.y"' occurred by the electricity consumption of the system. The
presented water quality pyramid, based on the unit exergoeconomic cost, indicated 459.9 Gj.y™ as the highest
peak value for the nutrition feed and zero for the wastewater at the base of the pyramid.

Discussion: The results of present study have shown that exergoeconomic cost of production in a close cycle is
lower than an open cycle. In other cases in the prvious studies, it was noted that the exergoeconomic cost of
generating electricity by a close cycle is less than an open state. As a result, the indicator of decrease total
exergoeconomic cost of production could show the rationality of the chosen recycling process for the system.
On following the value of index ¢, according to the ratio of the cost spent to the amount of exergy of each flow,
is an indicator that is not dependent on the mass of flow and shows the differentiation of water flow. As a
result, the water flow quality pyramid in the greenhouse system, based on the unit exergoeconomic cost index
(c), has been obtained as Fig. 1. The water quality pyramid, based on index c, is one of the achievements of
thisstudy, which is presented for the first time for a greenhouse system. In the quality pyramid presented in Fig.
1, the classification of flows is presented based on the name of the flow generating technology along with the
flow tag number in Fig. 1.

Fig. 1. Quality pyramid of water flows based on unit exergoeconomic cost

Conclusion: In the present study, exergoeconomic analysis of recycling system was performed for the case
study of an open and a close fertigation system in the greenhouse for the first time. AEXC in open and close
cycles has been introduced as an indicator of selecting recycling technology from a thermoeconomic point of
view. Using recycled flows is one of the most important solutions to reduce resource consumption.

The results of exergy and exergoeconomic analyses of an open, an open cycle considering exergy abatement
cost, and the close system analysis of AExC showed that
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- The exergy losses of the system are reduced with recycling. Recycling reduces the exergy destruction of
some resources. Although the use of recycling technology is associated with exergy destruction, the positive
sign of diverse exergoeconomic costs of open and close systems have been presented as indicators for the
rationale of using recycling technology in the present study.

- Although water quality indicators such as pH, EC, and so on do not allow to differentiate between water in
different parts of the system, the unit exergo-economic cost index, a criterion for classifying water flows in the
system based on the exergoeconomic cost per exergy, is in line with the goal of the system. As a result, the
water quality pyramid in the system can be formed to classify the types of flows based on the unit
exergoeconomic cost.

Using exergoeconomic analysis of open and close cycles in the greenhouse system, the differences between
rose production in open and close exergoeconomic cost were calculated. The unit exergoeconomic cost of rose
production in a close cycle was 69.3 $/Gj (6.93 ¢/Cut flower), 4.9 $/Gj (0.49 ¢/Cut flower) less than the open
cycle scenario. As a result, the difference of open and close exergoeconomic has a positive value, and the use of
wastewater recycling in newly built Nikan Rose Greenhouse is thermoeconomically rational.

Finally, by calculating the unit exergoeconomic cost of flow for all types of water flows with different
qualities, a water quality pyramid is formed that differentiates flow based on the accumulation cost spent to
achieve the system goal. For the greenhouse, pilot studied in the present research, feed water with
exergoeconomic cost equal to 501.8 $.Gj™ for open cycle and 459.9 $.Gj™' for close cycle had the highest value
and are at the top of the pyramid. Sewage with zero value had the lowest value and was at the bottom of the
pyramid. The rest of flows are ranked and listed between these two values. This achievement of the present
study makes it possible to compare and evaluate flows in a system.

Keywords: Recycling, thermoeconomic analysis, greenhouse hydroponic cultivation, water quality pyramid,
unit exergoeconomic cost.
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