Quarterly Scientific Journal of National University of Skill

National
University

Winter 2025, Vol. 21, No. 4, p. 367-395

Journal Homepage: https://karafan.nus.ac.ir/?lang=en

d-:10.48301/KSSA.2025.496631.3099

Evaluating the Sustainability of Echium amoenum
Production System Using Emergy Analysis Approach

Mohammad Ali Ghahremani Aghbolagh Rostam Khan!®, Majid Khanaliz*,
Rasoul Loghmanpour Zarini3'~, Hassan Ghasemi-Mobtaker#*

1PhD Student, Department of Agricultural Machinery Engineering, Faculty of Agriculture, College of
Agriculture and Natural Resources, University of Tehran, Karaj, Iran.
24Associate Professor, Department of Agricultural Machinery Engineering, Faculty of Agriculture,

College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran.
3Faculty Member, Department of Agriculture Engineering, National University of Skills, Tehran, Iran.

ARTICLE INFO

ABSTRACT

Article Type:
Original Research

Received: 01.02.2025
Revised: 01.21.2025
Accepted: 02.15.2025

Keyword:

Emergy Approach
Environmental Inputs
Environmental Pressure
Renewability

Solar Emergy Joule

*Corresponding Author:

Majid Khanali
Email: khanali@ut.ac.ir

Overexploitation of environmental resources and excessive use of chemical inputs
have caused environmental issues and reduced the sustainability of agricultural
systems. Therefore, changing energy consumption patterns and enhancing energy
efficiency in agriculture, which are key principles of sustainable agriculture, are of
great importance. Emergy analysis, as a useful tool, is widely employed for this
purpose in various agricultural systems. Applying the emergy approach to
evaluate the sustainability of agricultural production systems enables the
implementation of proper management strategies to enhance production
sustainability. This study aimed to assess the sustainability of Echium amoenum
production system in Guilan Province. The required data were collected through
field surveys and the distribution and completion of 95 questionnaires. After
defining the temporal and spatial boundaries and categorizing resources into four
groups renewable environmental, non-renewable environmental, purchased
renewable, and purchased non-renewable, the key emergy indices studied were:
Emergy Renewability (%R), Specific Emergy (SE), Emergy Yield Ratio (EYR),
Environmental Loading Ratio (ELR), Emergy Self-Support Ratio (ESR),
Environmental Sustainability Index (ESI) and Emergy index of agricultural
product safety (EIPS), which were determined as 0.98, 1.13E+12 sej.g-1, 10.51,
0.14, 0.66, 75.07 and 0.95, respectively. According to the results, the total solar
emergy input was estimated at 1.13E+18 sej.ha-Lyr! The system exhibited higher
dependence on renewable environmental and purchased renewable flows than on
other flows, primarily due to the region's high rainfall potential and the significant
role of human labour. Replacing chemical fertilizers with organic fertilizers could
enhance the economic and environmental sustainability of the system. Overall, the
evaluated system demonstrated favorable sustainability. With proper
management, education, and the promotion of recommended practices,
sustainability could be further improved, and the environmental pressures
associated with production could be mitigated.
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EXTENDED ABSTRACT

Introduction

Analyzing energy consumption in agricultural production is critical, given the
constraints on natural resources and the adverse effects of improper energy use on human
health and the environment. Sustainable agricultural development necessitates a dual focus
on energy efficiency and environmental conservation. Emergy analysis, a comprehensive
and modern approach, is increasingly employed to assess sustainability through the
quantitative and qualitative evaluation of energy and inputs used in agricultural production
systems. Emergy represents the total solar energy (exergy) required both directly and
indirectly for the production of goods or services, expressed in solar emergy (sej). This
approach provides a valuable framework for guiding policymaking toward harmonious
interactions between humans and the environment. This study focuses on Echium
amoenum production, utilizing emergy analysis to estimate emergy indices, evaluate
sustainability levels, and propose strategies for sustainable and optimal resource
management in Guilan province's production system. The findings aim to contribute to the
development of environmentally and economically sustainable agricultural systems.

Methodology

This research was conducted in Guilan province (Figure 1). According to Cochran's
formula, the required data for this study were obtained from the completion of 95
questionnaires by farmers and experts of the Ministry of Agriculture Jihad. Additionally,
to gather data on the processing of Echium amoenum, studies were conducted at
Foumanat Food Industries in the city of Fouman and Naderi Food Industries in Lahijan.
According to Equation (1) to calculate the emergy corresponding to each input, the raw
data for each input per unit is multiplied by the Solar transformity, resulting in the emergy
value for each input, according to Iran's conditions. Inputs were divided into four
categories: Renewable local flows (R), Non-renewable local flows (N), Renewable market
flows (Fr), and Non-renewable market flows (Fn). This study utilized indicators such as
transformity (T:), specifc emergy (SE), the emergy renewability (%R), the emergy yield
ratio (EYR), the emergy investment ratio (EIR), the environmental loading ratio (ELR),
the modifed environmental loading ratio (ELR"), the emergy self-support ratio (ESR), the
environmental sustainability index (ESI), the modifed environmental sustainability (ESI)
and the emergy index of agricultural product safety (EIPS).
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Figure 1. The geographical location of Guilan Province
] . sej
Emergy(sej) = Energy(J) X Solartransformlty(T) (1)

Results and discussion

The Subtotal emergy for Echium amoenum production systems was calculated to be
1.13E+18 sej.ha-LyrL. Rainfall emergy was the largest source of free environmental input.
The shares of Renewable local flows, Non-renewable local flows, Renewable market flows
and Non-renewable market flows were 87.2%, 0.129%, 11.52%, and 1.15%, respectively
for Echium amoenum (Figure 2). The higher amount of rainfall emergy compared to other
renewable environmental flows is due to the frequent rainfall and the large number of
cloudy days in the mountainous regions where this plant is cultivated in Guilan province.
The largest share of purchased flows was related to human labor and chemical fertilizers.
The high emergy associated with human labor was due to the semi-mechanized cultivation
of this medicinal plant and the ineffective use of agricultural machinery in various
production operations in the studied region. Reducing the consumption of these inputs to
an optimal level would significantly contribute to decreasing the share of purchased inputs
in the Echium amoenum production system. The emergy indicators for Echium amoenum
system include transformity (Tr), specifc emergy (SE), Emergy renewability (%R), Emergy
yield ratio (EYR), Emergy investment ratio (EIR), Environmental loading ratio (ELR),
Modifed environmental loading ratio (ELR"), Emergy self-support ratio (ESR),
Environmental Sustainability Index (ESI), Modifed environmental sustainability (ESI*) and
Emergy index of agricultural product safety (EIPS) were calculated 7.63E+07 sejJ,
1.13E+12 sej.g1,0.98, 10.51, 0.14, 0.14, 0.01, 0.66, 75.07, 1051 and 0.95 respectively.
According to the Shapley Additive Explanations analysis, the most influential parameters
among the purchased flows in the studied production system's total emergy were in order,
human labor, nitrogen fertilizer, phosphorus fertilizer, and farmyard manure. The
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parameters with the least impact on the desired output included diesel fuel and carton
board boxes.
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Figure 2. The contribution of environmental inputs and purchased renewable and non-renewable
resources to the Echium amoenum production system.

Conclusion

Guilan Province is recognized as one of the leading regions in the production of
medicinal plants in Iran. This study was conducted to assess the sustainability of the Echium
amoenum production system in Guilan Province using the emergy analysis approach.
Evaluating the sustainability of production systems requires a scientificand comprehensive
method, for which emergy analysis is widely applied. The results of the emergy analysis
indicated that the total emergy input of the studied system in Gilan Province was 1.13E+18
sej.halyrl. A significant portion of this amount was attributed to environmental flows
involved in the study, including rainfal and purchased flows, such as human labour. This
was primarily due to the region's high rainfall potential and frequent cloudy days. Given the
prominent role of human labour in the production processes of this plant, it is
recommended to mechanize its cultivation to reduce dependency on labor and enhance
economic profitability. Another proposed option is the use of organic fertilizers instead of
the chemical fertilizers applied in the region. This substitution aims to preserve the
product's properties and quality while enhancing the sustainability of the system. Excessive
use of chemical fertilizers has been one of the causes of severe soil erosion in this province.
Proper management of inputs could help mitigate this issue. The values of various emergy-
based indices assessed in this study, including Emergy Renewability (%R), Environmental
Loading Ratio (ELR) and Emergy index of agricultural product safety (EIPS), were
determined to be 0.98, 0.14, and 0.95, respectively.
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