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Introduction

Grape (Vitis vinifera L.) is one of the most important agricultural products in the Mediterranean. Today, grapes
are grown in a large area of the world's gardens. The world production of grapes was about 77.8 million tons in
2018, of which 1.3 million tons were converted into raisins. According to the latest data of FAO, Iran has an annual
production of 24.45 million tons of grapes in an area of 213 thousand hectares, accounting for 3% of the world's
grape production. The average yield per hectare of vineyard is reported to be 15.5 tons. The purpose of this study
is to determine hot spots in terms of energy and cost in the production of Malayer grapes with the approach of
material and energy flow costing (MEFCA). The primary focus of material and energy flow cost accounting is on
waste (waste of energy, materials and potential human capacity).

Materials and Methods

Material flow cost accounting was introduced in the late 1990s in Augsburg, Germany as a tool for green
productivity management. This is known as a tool to increase productivity by reducing the use of materials, energy
and human resources. Unlike life cycle assessment, which only weighs the environmental impacts of production
and does not provide a solution for simultaneously reducing environmental impacts and increasing economic
profit, material flow costing is recognized as an efficient tool for managing resources, wastes, and environmental
impacts, and has covered the shortcomings of life cycle assessment. Material flow cost accounting helps to
discover hidden costs and waste by objectifying the flow of materials in the production process. Based on 1ISO
14051 material flow analysis occurs in quantitative centers (QCs). In general, each quantitative center divides the
production process into several parts. The basis of material flow and energy costing is material flow balance. This
means that the inputs must be the same as the outputs. Based on this balance, positive inputs (i.e. consumable
inputs) and positive outputs (i.e. product performance) and negative outputs (i.e. wastes and emissions during
production) should be equal. The primary focus of material and energy flow costing is on waste (e.g. waste of
energy, materials and potential human capacity). Allocation of costs to positive and negative products in each
quantitative center is done in the following way:

- Material cost (including raw and industrial materials used in the production process)

- Energy costs (including electricity or buying diesel fuel)

- System costs (including labor costs, transportation costs and system maintenance)

- Waste cost (including waste management costs)

The system boundary included the background processes that the farmer was directly involved in using and
managing. Grape data was collected in the crop year of 2020-2021 from Malayer vineyards.
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Results and Discussion

Based on the results of the study, the average energy input including renewable, non-renewable, direct and
indirect energy for grape production was 42234 MJ hal. The negative energy resulting from the wastage of
chemical fertilizers, grapes, irrigation water and pesticides was 28650 MJ ha*. The total positive output energy
was calculated as 296180 MJ ha™™. Nitrogen fertilizer with 27% and animal manure with 19% had the largest share
in input energy for grape production. In terms of negative energy, grape waste accounted for the largest share with
82% and the Irrigation water wastage was the next with 16%. Energy indices including energy efficiency (6.33),
energy productivity (0.59) kgMJ?), energy intensity (1.68 MJkg™) and net energy gain (1225295 MJhal) were
calculated for grape production. The cost of grape production per hectare was $2,779. The highest input costs were
related to labor and irrigation water, which cost the farmer 1644 and 680 dollars per hectare, respectively. The
calculated negative production in grape production was equal to 2560 dollars per hectare. The main negative
production in grape was related to wastage of grapes and irrigation water, which brought hidden costs of 2108 and
442 dollars to the farmer, respectively. The economic indicators of gross income (13954 $ha') and cost-benefit
ratio (4.5) were calculated.

Conclusion

Transitioning from flood irrigation to drip irrigation is anticipated to enhance irrigation efficiency by 50%,
resulting in an incremental addition of $221 to the farmer's income while concurrently reducing labor costs.
Additionally, emphasizing training for workers can prove pivotal in minimizing grape yield wastage within the
region.

Keywords: Energy accounting, Energy efficiency, Energy productivity, Environmental management, 1SO
14051 standard
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Table 2- Fertilizers emissions standard enthalpy of formation (Afshar and Dekamin, 2022)

ST g9 e I 855 Jolxe &35 Jolee
Emissions type Molar mass(g mole!) Molar mass eq. (kJ mole)  Energy eg. (MJ kg1
N20 44 82.5 1.88
NHs 17.03 46 2.70
NOs 62 206 3.32

duwldo jolais 43’)45;,: Ak D55 &y aitre s gl b 295 4
28 plerd 355 g Sl il s &S 65 (69585 (555
e 55t 3 e S0 il ]SS
5559l adgr 13 sl duslie b g od dnly ob U 0gd oy 295
Cogods (55958 S8 4 bgye (6551 Bpan op i Mo
I8 sbad, 1 bl Ol g el 368wl Clyis g paudgal
S5 Jold (63959 5351 (pSlee & Jgi slaodls bl )l
2l 095l Mg Gl et pd g il b5 udydaoS
céyyin )l Jols bt g5yl el cand 4 FYYYY MJhat L
YASD MINa™ o iS el 5 ()ll ol Sl ¢ pliond (sla2sS
IS5l dlxe YASVA- MIhat cate (395 (6550 JS ol
Sl 3o (L3 595 Mg )3 1) (i g e slas il duoyd oY
2o d VAL ol 35S 5 ao > YV i 5550 365 (60959 slacssyl
)15 LSl 5 sl adg (6l (69959 SIP1 2 1) e e
W8 G sasy 2 2o pd LI oy g o AL b pile
ke Oy Juo D AY U (oS0l 8y pum die sla gyl s 51l
a3y 1 2o Vb oylol T cd)pum ol ooy olassl s 4,
ool sl g ) (65l slacuns ¥ Joax )l 8 (sam
dsse onl o edee i |y s ollas 93190 > (b se
olge b (phaije Gl @olulus 3,5 e S jolateas
oxd &l dlge by babip g l) )lules Cjgo 9 4 @S
@b lules bolge (b oban s lie p 5)lulus glis .l
2 e @5yl plea L) bed)e 55 jlade ()5 bld
S opadls 3wl GGl glapadls awlbxe by ]seyd
by pbansa 5l esel cons 4 polie cowl ond bld aie (65,

Gl Goliie goly (g ylbslus b dlge

Sl Sl ol 1 5950 clo3sS Gy 5 2L L
31 odlazl b (N20) ST (59 5560 Hliisl b dpwlre " CigislgS]
dusloe (Bouwman, 1995) yep bawss i 8o jliss] HgS8
o i Ll 0 plool o s ) ooliel b ol laml
Nemecek et ) o)Kan § S bawgs ol Byre hg) wlul
ooliul g0 (slo Jga b 5 ol ¥ i iy ol (al., 2007
Gpae | odel cuns @ pls claodly ool p aas o ol |,
Nin b 0l @90 4 (Bpasdss uie (5 oo (oliord slodeS
Mas dbgyye colpsd 0 Nipy jlade Cps b s ‘5)91 Cawdds |y
5958 S35 290 pasetio o 5 lgn 4y (olerddgS C6))m
S aNOT JS5 4 5190 4y Ny O JSS & 950 031 1955l &4y o
loo o o 4 olgo ol JLal (liee dsmlre jslatons g o 3y
i 00 e calpd gl &S ol 00 4S5 ) ol
L 3sS 3o Glgoee i 2 wulre cnl ops bl Ll
Cand & o D)ol Cawddy |y Cdyyda i ol o Nip lod
NoO — 95 ST L NOT — N Ol s 05955 O yg0ds oal
P ol ogd alps a4 b &Sl sy @l 5ep sl N
NO; &)ty Lt lag Mo b 395 oy Ll Ly glpud
Ll Casddy

polie odddusle (sl 293 5 gdgyy l edlatl L
Mo plujed 3 )68l g 55l g bl sl jadls
(05 ¥ Jolia) ui dwlxo

My dlize gl g3 639y slp &5y sla ol
@ o] den Ll b 25 5 biedg)yy (65] Gypan dulio jglaied;
6399 3 P8 yo &S | > 1595 fasMIha?t s (6550 soly S

1- Ecoinvent database



VY 2 ol s 58 56551 adgs (MEFCA) (65,1 9 91g0 by (2L da 3 yay (e s g omolSd

(Eggleston, 2006) ;4551 a3 (5150 asy50 13 Ly L] dmolone (5150 8318%wld yg0 ol pud -F Jo
Table 3- Coefficients used to calculate on-farm emissions for grape production (Eggleston, 2006)
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Emissions and calculation formulas Coefficients
395 slrend sdgS 5l LAL L] kg N0 — N lga 4 -/\Y
Emissions from nitrogen fertilizers kg Ni, 0.12 to air
kg NO; — N ol 4 /Y
kg Ni, 0.3 to water

Lo jlzssl o oy
Emission conversion factor

kg NH; — N to kg NH; %

62
kg P,0s to kg phosphorus —
g ;05 10 Kg phosp 142
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Table 4- Equations used to calculate the energy indicators of grape production(Afshar and Dekamin, 2022)
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Energy indicators Unit Equation
il s kg MJ! EP = M
Energy productivity IE (M] ha=1)
3 skl 5 EUE (ER) = OE (M] ha_‘l)
Energy use efficiency IE (M] ha=1)
5l [N
3l oAl o MJhal  NE = OE (MJha™!) — IE (MJ ha™1)
Net energy gain
Sl i Mikgt  sg= (MJ ha™1)
Energy intensity Y (kgha™)
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Table 5- Equations used to calculate the economic indicators of grape production (Afshar and Dekamin, 2022))
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Economic indicators Unit Equation
Mg U5 o) $ ha GVP =Y (kg ha™") x
Total value of production P($kg™)
P E RS $ hatl GR=GVP ($ ha™1)-
Gross return Variable Costs ($ ha™1)
A3 dy Camitle Capund CBR=GVP ($ha 1)/
Benefit to cost ratio TC ($ha™?)
ool )90 00 kg EP=Y(kg) / Variable Costs
Economic productivity (%)
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Table 6- Energy equivalents for different inputs/outputs in Grape production (MJ ha?)

9> 9 S ok w2l elg 2 555 2955 Mg 9> 9 83959 0L S5 ol
Input and output flow  Unit  Energy coefficients(MJunit?) Grape production  Grape production Energy(MJha™)

Sy | 478 41 1960
Diesel fuel
) s h 1.96 1370 2671
Human labor
o oedle h 62.7 23 3282
Machinery
s kg 75.4 106 7011
Nitrogen (N)
s kg 13.07 78 970
Phosphate (P20s)
o kg 11.15 120 134
Potassium (K20)
25 kg 1.12 75 836
Sulfure
SiSale kg 238 8 1904
Herbicide
Sl " 101.2 5 506
Insecticide
S, kg 216 4 864
Fungicide
(aalr) ol 255 kg 03 27000 8100
Manure
o KWh 11.93 756 9019
Electricity
ol m? 1.02 6800 6936
Irrigation water
959 LSL“d))"] &> 42234
Total input
shke sl 295
Negative outputs
skl m? 1.02 4420 4508
Irrigation water
‘SL;“""' kg 2.70 19.3 52.1
Ammonia (NHz)
el kg 12.44 316 392.7
Nitrate (NO3)
cland kg 3.32 0.8 2.8
Phosphate (P20s)
295 )2 kg 118 2008 23694
Grape loss
e (95 6“’65)51 [eand 28650
Total negative outputs
Cudo (29y>
Positive output
> kg 11.8 25100 296180
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Figure 2- Positive and negative energy flow in grape production
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Table 7-Conventional and MFCA Energy ratios in prape production

SiPlsboasls  dlge ol Sba e &) sl
Energy indexes MFCA Conventional accounting
2929 53 42234 42234
Input energy
w29 S5 267530 296180
Output energy
Cuto o531 296180 296180
Positive energy
e 555 -28650 0
Negative energy
il Spae 2 6.33 7.01
Energy use efficiency
Sl o 0.59 0.59
Energy productivity
il s 1.68 1.68
Energy intensity
il oAl o 225295 253945
Net energy gain
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Table 8- Cost equivalents for different inputs/outputs in grape production ($ hat)

o 9 g b wly e e aaly 3 e (UK 0 ,¥5) aaly aaiyze (U 3 ,¥5) 9Nl g5 Jolee
Input and output flow  Unit Grape production Cost ($ unit?) Grape production cost ($ ha™)
s | 41 0.03 1.23
Diesel fuel
JLETTI™ h 1370 1.2 1644
Human labor
> oedle h 23 13 29.9
Machinery
s kg 106 0.2 212
Nitrogen (N)
s kg 78 0.3 23.4
Phosphate (P20s)
o kg 45 0.1 45
Potassium (K20)
. kg 120 0.3 36
Sulfure
"“Suk kg 8 3.6 28.8
Herbicide
sl kg 5 36 18
Insecticide
ek kg 4 3.6 14.4
Fungicide
(elz) (o> 35 kg 27000 0.01 270
Manure
or KWh 756 0.01 7.56
Electricity
bl m? 6800 0.1 680
Irrigation water
3909 Ssiyl g 2779
Total inputs
e gla 295
Negative outputs
_ LS)-L.‘.f‘ <l me 0.1 4420 442
Irrigation water
Jl*;"5"" kg 0.2 19.28 3.86
Ammonia (NHs)
e kg 0.2 3157 6.31
Nitrate (NOs)
s kg 0.3 0.84 0.25
Phosphate (P20s)
295l ) kg 0.7 3012 2108
Grape loss
tto (295 syl e 2560.8
Total negative outputs
Cuto sy 29>
Positive output
25k kg 07 25100 17570

Yield




VFeY 5l o oylod PV il (650l dmwgs g obasdl a5 TYA

29 g g3 e ol e Y USS
Figure 3- Cost flow of grape production
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Table 9- Economic analysis of grape production

ely3 g 38 sl wly  dlge gl 2babe @l 6lubee
Cost and return components  Unit MFCA Conventional
Wi Sl $ha! 15009 17570
Gross value of production
St 25 $ha! 17570 17570
Positive
e 25 $ha~! 2560 0
Negative
el el $hat 13954 16515
Gross return
Agie 4 oy Cad B 54 6.3
Benefit to cost ratio
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