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1- Material flow cost accounting
2- Solanum tuberosum L.
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Figure 1- Study location
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Figure 3- PDCA cycle for MFCA implementation in potato production (23)
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Table 1- Energy equivalents for different inputs/outputs in potato production (kg ha')

2o 98P ol w=ly 2 S5 ' (0 jirw g (ol S5 | Jalee
Input and output flow  Unit Eneag\;}ll‘]c%fiftl_(l:)lents Potato production potato p{&";fﬂﬁ? Energy
Sy I 47.8 218 10420.4
Diesel fuel
S5 o h 1.95 798 10187.1
Human labor
ol h 62.7 325 1463 8
Machinery
e kg 75.46 135 970
Nitrogen (N)
clind kg 13.07 112 499.8
Phosphate (P205)
o kg 11.15 87 354.2
Potassium (K20)
oS e k 238 2
Nl 626.4
Herbicide g
el kg 101.2 35 2629.5
Insecticide
Ak kg 216 2.9 9216
Fungicide
(2] (ool 395 kg 03 8765 9504.3
Manure
o2 kWh 36 2560 9705.6
Electricity
sl m3 1.02 9318 10420.4
Irrigation water
(o26) i o
a 3.6 2696 10187.1
Seed (tuber) g
3955 syl go 55729.8
Total input
i o>
Negative output
2 CS) i kg/ha 36 3760 13536
Yield losses
- kg/ha 36 430 1548
Seed
sl m3 1.02 4099.92 4181.9
Irrigation water
. 0385 kg/ha 75.46 38.307 2890.6
Nitrogen (N)
Olawd
kg/ha 13.07 38.103 498
Phosphate (P,O5) g
ol kg/ha 11.15 31.986 356.6
Potassium (K;0)
oS e K 238 16 3808
Herbicide g ' :
oSl kg 101.2 0.37 37.4
Insecticide
ek kg 216 2.1 453.6
Fungicide
Total negative output
Cute sy g >
Positive output
e kg 36 41000 147600

Yield
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Table 2- Conventional and MFCA Energy ratios in potato production.

Energy indices

o gl Shauir @y gyl
MFCA

Conventional

$2939 551
Input energy
e 83
Output energy
Cute 55yl
Positive energy
NS
Negative energy
S3pl Bpan 2
Energy use efficiency
&l s
Energy productivity
wegae (55 )
Specific energy
oAl 5y
Net energy

55729.85

171483.06

147600

67987.09

55729.85

147600 .00

147600

23883.06 0

2.22 2.65

0.74 0.74

1.36 1.36

91870
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Table 3- Material costs for agricultural process including positive and negatives products in potato production

o0 jam 43 38 J3lxe

Mo 4> g5 g 3l d 4L ..
J9 5 d);-f 9 9,9 oL sy s gehans daly 43 ko ”‘96"‘ :"11“‘ Potato production cost
o) Unit Potato production (ha (~ost (Rials ha')
Input and output flow P (ha) (Rials unit?)
g | 218 3000 654000
Diesel fuel
&S5 oy h 798 100000 79800000
Human labor
Y pile kg 325 200000 6500000
Machinery
ey kg 135 7700 1039500
Nitrogen (N)
Olawd K 112 11000 1232000
Phosphate (P,Os) g
Ly 87 15000 1305000
o kg
Potassium (K,0)
LS dile kg 21 250000 525000
Herbicide
LS edl ko 35 250000 875000
Insecticide
oSzl kg 29 250000 725000
Fungicide
(Soly) (gals 398 kg 8765 7000 61355000
Manure
5 2560 614 1571840
o kWh
Electricity
&l 3 9318 15000 139770000
2l ¢ m
Irrigation water
(02¢) , kg/ha 2696 55000 148280000
Seed (tuber)
$29)9 o> 443,632,340
Total input
e sl (29
Negative output
odé )i ka/ha 3760 43000 161680000
Yield losses g
i 430 55000 23650000
- kg/ha
Seed
| 3 4099.92 15000 61498800
el ¢ m
Irrigation water
5oy 38.307 7700 294963.9
it kg/ha
Nitrogen (N)
Olawd 38.103 11000 419133
kg/ha
Phosphate (P,Os)
: 31.986 15000 479790
ol kg/ha
Potassium (K,0)
S e kg 1.6 250000 400000
Herbicide
S cdl kg 0.37 250000 92500
Insecticide
US g kg 2.1 250000 525000
Fungicide
e (95 sl Al mes 249040186.9
Total negative output
Cute sy (295
Positive output
3 Sles " 41000 43000 1763000000

Yield
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Table 4- Economic analysis of potato production
e e ol v
Unit MFCA
components |
Mg S b))l Rials
Gross value of production ~ / ha=t 2012040187 1763000000
Cute Mg Rials
Positive /ha ! 1763000000 1763000000
e g Rials
Negative /ha™?t 249040186 0
AL Rials
Gross return /ha™t 1568407847 1319367660
o/ alyie o B
Cost benefit ratio 4.54 3.97
(S 5 Aol
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Introduction: In recent decades, due to increase in population and demand for agricultural products, creating
new forms of energy in the agricultural sector and improper use of inputs due to lack of proper management, this
economic sector has become an energy consuming sector. So far, various studies have been conducted to
measure energy efficiency and cost in the agricultural sector. In most studies conducted in Iran, energy
efficiency for the production of various crops has been calculated based on the final product besides material
wastage has not been considered in terms of energy and cost. Material Flow Cost Accounting (MFCA) is an
environmental management tool that can help farmers completely understand the financial and environmental
consequences of using materials and energy and provide opportunities to achieve them, as well. Unlike most
environmental management systems such as 1SO 14001, which, despite their impact on reducing environmental
damage, do not explicitly help increase farmers' incomes and even impose additional costs on farms, the
implementation of the MFCA, by striking a balance between the environment and the economy, would have
significant results in increasing energy and material productivity for many farms.

The main purpose of implementing MFCA in potato production is to quantify and identify the losses of
agricultural inputs, which leads to effective management of residues and emissions in different stages of crop
production. All output materials, including agricultural products and wastes in different stages of production, are
calculated and measured in this method.

Materials and Methods: According to 1SO 14051, the MFCA is a management tool that helps farmers
recognize and reduce the potential environmental and financial consequences of product development. Likewise,
this tool provides opportunities for achieving environmental and financial improvements through the
transparency of processes. Accordingly, MFCA can provide important information at various stages of the cycle
of Plan-Do-Check-Act (PDCA) (figure 1).

The use of materials and energy in the agricultural sector is tracked and evaluated through the development
of the material and energy flow model (in terms of physical units such as mass and volume) in the method of
MFCA (figure 2). In this phase, the raw materials consumed, the energy used, costs, as well as the emissions to
atmosphere, soil, and water are quantified. Within the system boundaries, the following assumptions and
limitations are adopted:

System boundaries do not include: construction of factory buildings, vehicles, machines and equipment, etc.
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System boundaries do not include: transportation

Energy balance analysis is a method to identify and evaluate various energy flows that take part in the
production system. This analysis determines how efficient the energy is used by establishing the relationship
between energy inputs and energy output. This relationship estimates whether energy is lost, gained, or would
remain the same.

Figure (2): Material flow model for potato production within the MFCA boundary

Results and Discussion: According to the results, the highest amount of energy input comes from fossil
fuels and nitrogen fertilizer. Based on the energy and economic indices calculated by the two accounting
methods (i.e. conventional and material flow cost accounting), it was found that the total value of potato
production based on conventional accounting is 7,195$ per hectare, while this figure is 8,212$ per hectare based
on material flow cost accounting method. Energy efficiency in farms, applying conventional energy accounting,
was calculated to be 2.65, while this index, using material flow cost accounting, was calculated to be 2.22. The
difference between energy efficiency and cost-benefit ratio is attributed to the negative production value
obtained in the potato production process in Hamadan province, Iran. Potato growers can increase their income
up to 1,016$ per hectare through management measures. If the negative production is reduced, the cost-benefit
ratio will increase by 0.57 in the production process.

Conclusion: Costing energy and energy flows through a comprehensive assessment of energy and costs
helps to foster the relationship between the economy and the environment. Using the suggested solutions can
save a significant amount of money on reducing negative products. MFCA recognizes the material and energy
waste, and, farmers, by applying it, enhance their awareness of the usual losses in the field. Farmers, also, can
improve processes on their farm and reduce production costs based on a rational assessment.

Keywords: 1SO 14051, Energy efficiency, Energy accounting, Environmental management, Energy
efficiency



