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Abstract

Introduction: The generation of waste and the emission of pollutants are significant challenges in production
processes, leading to increased economic costs and environmental degradation. Addressing these challenges
has become a priority, as unsustainable production practices not only harm the environment but also hinder
long-term economic development. Sustainable production and environmental efficiency are critical goals for
manufacturing units aiming to achieve sustainable development. Achieving these goals requires innovative
tools and methodologies that can assess and optimize resource use across various production systems.
Cleaner production approaches, which focus on optimizing production processes and reducing negative
environmental impacts, have emerged as key strategies in this context. One such tool is material flow cost
accounting (MFCA), developed under ISO 14051:2011. MFCA has proven to be a powerful tool for
simultaneously improving environmental and financial performance by quantifying material flows and
associated costs within production systems. This study applies MFCA to analyze the energy and economic
performance of olive production in Tarom County, Iran, a region known for its significant olive cultivation.
The research seeks to identify inefficiencies, reduce resource waste, and promote sustainable agricultural
practices through an integrated assessment of energy and economic parameters.

Materials and Methods: This study was conducted in olive orchards in Tarom County during the 2022
agricultural year, using an approach grounded in both scientific rigor and practical applicability. Data were
collected through comprehensive questionnaires covering all major agricultural activities such as plowing,
pruning, irrigation, fertilization, pest control, labor, and fuel and electricity consumption. A statistically
reliable sample of 50 orchards was selected using Cochran's formula to ensure adequate representation of the
region’s olive production practices. MFCA was employed to quantify material and energy flows, focusing on
input resources (e.g., water, fertilizers, electricity) and output products (e.g., olives, waste, and emissions).
The methodology strictly adhered to 1SO 14051 guidelines, which define four cost categories for each
quantity center (QC): system costs, material costs, energy costs, and waste management costs. Energy
equivalents for inputs and outputs were calculated using standard conversion factors. Additionally, energy
indices such as energy efficiency, energy productivity, and net energy were evaluated to provide a
comprehensive understanding of the system’s energy dynamics. The economic analysis encompassed

@ © 2025 The Author(s). Published by Shahid Chamran University of Ahvaz. This is an open-access article distributed
@ under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which
BY

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://doi.org/10.22055/agen.2025.49048.1768
mailto:namdari@znu.ac.ir

182
Agricultural Engineering (Scientific Journal of Agriculture), 48 (2), Summer, 2025

parameters such as gross production value, net income, benefit-to-cost ratio, and economic productivity,
offering insights into the financial implications of production practices.

Results and Discussion: The total energy input for olive production was calculated at 77,417.56 MJ/ha, with
electricity (59%), urea fertilizer (15%), and fossil fuels (14%) identified as the primary contributors. Positive
energy outputs totaled 40,221.48 MJ/ha, while negative energy outputs, which included product loss and
fertilizer waste, amounted to 6,853.04 MJ/ha. Among negative outputs, product loss (71%) and nitrate
leaching (21%) represented the largest shares. The energy efficiency ratio was 0.52 using conventional
methods but dropped to 0.43 when analyzed with MFCA, underscoring the hidden costs of waste and
inefficiencies that traditional accounting methods fail to capture. These findings highlight the need for
improved management practices to enhance both energy efficiency and economic viability. Economic
analysis revealed that labor costs constituted 67% of variable production costs, whereas electricity, despite its
high contribution to energy inputs, accounted for a mere 0.28% of financial costs. This discrepancy points to
the critical need for better energy management strategies, including the adoption of renewable energy sources
to reduce dependency on fossil fuels. Several inefficiencies were identified, particularly excessive water use
during irrigation and significant product loss during harvesting, which adversely affect both energy and
economic performance. To address these issues, implementing precision irrigation systems, mechanizing
harvesting processes, and integrating renewable energy sources for pumping were proposed as effective
strategies to reduce resource waste and improve sustainability. These findings align with those of previous
studies on other crops, underscoring the universal applicability of MFCA in identifying inefficiencies and
fostering sustainable agricultural practices. Furthermore, the study emphasizes that adopting cleaner
production methods not only enhances resource efficiency but also supports broader sustainable development
goals. This dual benefit makes MFCA a valuable tool for promoting both environmental stewardship and
economic competitiveness in agriculture.

Conclusion: This study demonstrates the effectiveness of MFCA in providing a comprehensive analysis of
energy and economic performance in olive production systems. By quantifying material and energy flows,
MFCA revealed significant inefficiencies in critical areas such as water use and product loss, which are often
overlooked in conventional accounting methods. The results emphasize the importance of adopting cleaner
production practices, including precision irrigation, mechanized harvesting, and renewable energy
integration, to improve both sustainability and economic viability. The application of MFCA not only
enhances resource efficiency but also contributes to achieving sustainable development goals by reducing
environmental impacts and lowering production costs. Future research should focus on the practical
implementation of the proposed strategies and assess their long-term effects on carbon footprint reduction,
resource optimization, and market competitiveness. This study underscores the transformative potential of
MFCA as a tool for advancing sustainable agriculture, offering valuable insights for policymakers, farmers,
and researchers aiming to optimize resource use and promote environmental stewardship in olive production
and beyond.

Keywords: Energy efficiency, Sustainable agriculture, Resource optimization. Material flow cost
accounting, Olive production
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(r+) 11.80 kg Olive waste o &3 <é,,4a
Positive output «.ze > =
(Y9 11.80 kg Olive fruit s o s
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Table (2) Standard entropy of formation for emissions from chemical fertilizers

Molar mass Jge p > Energy 351550 o

Energy (355 35! o

Emissions < yLiss! Imol equivalent equivalent
(g/mol) (kd/mol) (MJ/kg)
N,O 44 82.50 1.88
NH; 17.03 46 2.70
NO; 62 206 3.32

* obond Sde HUILI Slacal 9 el (F) Jgue
Table (3) Emission factors and constants for chemical fertilizers

Value yluae Factors and constants Lt slacal g by ygi571
kg N,O — N
0.01325 At i
kg Nfer
kg NH; — N
0.17 g Vs IV
kg Nfer
kg NO; — N
0.3 kg N9 — NV
kg Nfer
44 N,O «N,0 — N
28 N,0 — N to N,0
17 NH; «NH; — N
14 NH; — N to NH,
62 NO; «NO3 — N
14 NO; — N to NO3

ke sistisrs® B35S )0 35750 Gsiaris Nper e (il 5o
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_ OE (MJ ha™)
ER = /i My a1y v
_Y (kg ha™)
EP = 1k g ha1y ®
_IE (M] ha™") q
ES = /Y (kg ha 1) «
NE = OE (M] ha™) —IE (M] ha™) ()
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Table (4) Inputs, positive outputs, and negative outputs of energy in olive production

2 J335%) 65 1 dlae

(e

Energy (MJ ha™)

A 5/ C5 e loie
()tgh 2 Ja-b)
Value (unit ha)

Unit .1,

oA 8255 0L~
Input / output flow

INPUtS Las sy,

10473.66 186 I Fuel <= ;..
1527.43 779.30 h Labor stsl ss,s
1048.97 16.73 h Machinery <37 st
12000.85 153.66 kg Urea ol 555
1748.35 100.48 kg Diammonium  olis ¢ 5 50Tis3 555
phosphate
1388.22 101.33 kg Potassium sulfate oy vtz 58
539.75 6.35 I Herbicide :s"Cale
351.90 3.06 I Pesticide a7
144.55 0.49 | Fungicide x5zt
1427.07 4756.9 kg Manure _ls 55
45386.76 3782.23 kWh Electricity «.., -3
1380.00 23 kg Nylon o,ku
77417.51 Total input 35,35 o
Negative outputs iw gls 5+
49.48 18.325 kg (NH3) Ammonia ¢S’ 57
1467.14 117.937 kg (NO;3) Nitrate i =
3.35 1.01 kg (P)Phosphorus ,i..;
3.47 1.848 kg (N,O) Nitrous oxide 1.8 sz
221 2.60 kg Herbicide :s"Cale
211.6 1.84 kg Pesticide _:s'csT
70.8 0.24 kg Fungicide Az
4826.2 409 kg Olive waste o &3 s, yaa
6853.04 e Gz & per
Total negative output
Positive output «.ze 5 =
40221.48 3408.6 kg Olive fruit o & o 50
40221.48 Total positive output <.z o5 5+ nexr
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Figure (3) The share of input contributions in total energy consumption for olive production (in percentage)
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Figure (4) The share of negative outputs in the olive production system
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Table (5) Energy indices in olive production

slge Ob 2 (ol 5 p3 0 Sl

Unit a1, Energy indices ¢l el
Material flow cost accounting Conventional accounting
.
7741751 77417.51 MJ ha'* $29,5 855
Input energy
Lo
33368.44 40221.48 MJ ha™ SIS
Output energy
e S|
40221.48 40221.48 MJ ha* e s
Positive output energy
. L
6853.04 0 MJ hat gs""’ ST
Negative output energy
51 S
0.43 0.52 - EoS = _
Energy ratio
5 °
0.04 0.04 kg M 7t [CSFARTST) ;e._ _
Energy productivity
55l o
22.71 22.71 MJ kg'l LS)JJ A
Specific energy
= g5
-44049.10 -37196.03 MJ ha* oA &5
Net energy
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Table (6) Input-output costs in olive production

Amlg) A5/ pma SR Sl a4y e
O 2 5¥s) a (1 (Y9 A1y x5 63555 0L
W S
Cost ($ ha™) A ° Unit Input / output flow
Value (unit ha™) Price ($)
Inputs s,
Variable COSts iz sls 4 5
2.05 186 0.011 I Fuel = ..
896.97 779.30 1.151 h Labor sl sy
117.11 16.73 7 h Machinery 97 .L
23.05 153.66 0.15 kg Urea o5l 5 5
Solud pogd el (635
28.13 100.48 0.28 kg _ 1628
Diammonium phosphate
S g ol 387
30.40 101.33 0.30 kg .
Potassium sulfate
25.40 6.35 4 | Herbicide _:s'Cale
44.06 3.06 14.4 | Pesticide s
6.74 0.49 13.76 I Fungicide 57,6
47.57 4756.9 0.01 kg Manure s 5,8
3.78 3782.23 0.001 kWh Electricity «.. <3
145.50 6326.24 0.023 m® Water T
1370.76 Total variable costs sz claas so IS
Fix COSts .t (glaas j»
1526 ha gl S wle pu slaat 52 5 e a
Land and initial investment costs
1526 Total fix COSts ot glaas 3o JS
2896.76 Total input 3555 por
Negative outputs iw gls 5,5
47.49 2065 0.023 m? Water ;L7 o7
2.75 18.325 0.15 kg (NH3) Ammonia ¢S 4T
17.69 117.937 0.15 kg (NO3) Nitrate < 25
0.28 1.01 0.28 kg (P)Phosphorus .
0.28 1.848 0.15 kg (N,0) Nitrous oxide 4S5z
10.4 2.60 4 kg Herbicide _:s'Cale
26.50 1.84 14.4 kg Pesticide :s'csT
3.30 0.24 13.76 kg Fungicide x5z,
785.28 409 1.92 kg Olive waste o g5 s, jua
893.97 i Sl s e
Total negative outputs
Positive output <.z 5,
6544.51 3408.6 1.92 kg Olive yield &5 5 o 50
e gl -
6544.51 TSRS e

Total positive output
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Figure (5) The share of production inputs in the total cost of olive production
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Figure (6) The share of negative outputs in the total cost of negative outputs
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