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Fig. 1-Flow, storage and reproductive energy cycle in a
living system (Ho, 2013)
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7- Livestock Barnyard Exited Energy
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Fig. 3- Subsystems of energy cycles in agricultural landscape (Tello et al., 2016)
Solar radiation (SR), unharvested phytomass (UPH), biomass reused (BR), land produce (LP), livestock biomass reused
(LBR), farmland biomass reused (FBR), livestock-barnyard produce (LBP), livestock-barnyard services (LBS), total produce

(TP), final produce (FP), agroecosystem societal inputs (ASI), external input (EI), farmland exited energy (FE), livestock
barnyard exited energy (LBE), community farming (FC)
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Table 1- Energy flows and calculation methods (Tello et al., 2016)
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Energy flows Calculation method
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Land produce Livestock biomass reused + farmland existed energy + farmland biomass reused
Kadg one) Sl + gylply wladg
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Bly pALL adgl Wy
Net primary procustion actual
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S 0D
Biomass reused
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Agroecosystem societal input
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External input
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Livestock-barnyard services
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Table 2- Data used to calculate EROIs
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Farmland arming machinery uml
lonss (ladsS Sldas
Fertilizers Tone
b iS5 5 o 25 cile sl o
Herbicides and pesticides Tone/ Liter
B lbcdgw eyl
Fossil fuel / electricity power Liter, watt
S39iS &)y ]
Farm waste Tone
SHpd (g yladd yun dlass
Livestock censuses Number
Ero 058 (CudioS eyl 1 o> Clades o
Livestock production: meat, milk and eggs Tone
ol 258 e
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2- External Input

3- External Final Energy Return on Investment

4- Internal Final Energy Return on Investment

5- Actual Net Promary Production Energy Return on
Investment
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Fig 4- Spatial distribution of indicators related to energy return on investment at county scale

A: final energy return on investment (FEROI), B: interal final energy return on investment (IFEROI), C: external final
energy return on investment (EFEROI) and D: net primmary production energy return on investment (NPPEROI)
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Fig. 5- Diagram of indicators related to energy return on investment at county scale

Final energy return on investment (FEROI), interal final energy return on investment (IFEROI), external final energy return
on investment (EFEROI), net primmary production energy return on investment (NPPEROI)

ol ol S o 0 8 Jae 0303l 365 ()
Ao U gadge ) Cul o atsly pulayaod sla 6345
- e b, a5 (Galdn et al., 2016) o, Kan 5 VI aalllas
“lorw (S9Kenls (alSy (LIS p e3gicunj Rl (5
Al o guod 35 Cusl 03)5 sdmlie (55)9LiS (yenj o
Gkl ) g 55yslaS slapliips g9 (Jgane jsbay
5 Sl sla Saa sl Jolie (0 1) wiw (6y5lob g g4
Ohlen 5 JLoS o (Gunderson, 2000) 1S o baos  xubs
(S5 g9 plaw aw 3 |y algi £ (MacFall et al., 2015)
sl 033 5113 () 390 Waplliipg: g5 9 SIsS 45

2 awd o olis [ IFEROI L oSl dayly (B) & Ui
g Al SoRedl b (o) sixe dlayly awyyp 3y50 Sl 5y50 oy
2 g 0dd o5 55 padld (FoSeal (AalS b bl (Bp
Y Jods 0 dS jeblen .l ool Ll (uSe daly o Sy
ol 039 I3 mo 3y50 (pl 33 Sisned o pud Gl dgguiio
9 S5 a9t (i eSee St datly Jle I (S
345l ol adlae ol gl (> ey slonms Hllo SeRenls
il ) Gt (o) pcslons (S9%enl (i8) Y (938 (bl
b ladd o (Suzmn Gl cae 3 (2l Gl Gy
"o s L5 Sl 03,5 Jos (LS5l 0395¢n) (635

& wa GBEROI gL o (Ssod ol po Y Jooas
Table 3- Correlation coefficients between L. and EROIs

EROIs e g
Correlation coefficient
FEROI -0.61™
EFEROI -0.74™
NPPEROI -0.69™
IFEROI 0.08"
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* and ™: are significant at 1% probability level and non- significant difference, respectively.
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Introduction

The problem of energy efficiency is one of the key pillars of economics, especially agricultural sector. In
term of energy efficiency, a similar estimation for human actions and their consequents can be applied to the
landscape system, which first introduced by Hall et al. (1986), and now referred to Energy Return on Investment
(EROI). Many energy analyzes have been done, take into account a social system boundary and an input and
output approach. This approach will inevitably hide the system's internal performance inside a black box.
Recently, Tello et al. (2016) have proposed a novel approach for analyzing energy at the agricultural landscape
scale with the aim of evaluating energy sustainability under multiple EROIs that views the landscape as a set of
energy cycles between nature and society. The proposes of this study have been to consideration the theory and
methodology of multiple EROIs, to investigate the efficiency of energy flow in Qazvin agricultural landscape
and, to examine the relationship between energy efficiency and landscape heterogeneity in order to describe the
interaction of landscape structure and energy efficiency.

Materials and Methods

The database of this case study was prepared from 46 counties of Agricultural Organization of Iran and land
use map. Agricultural database was created based on agriculture, livestock, and pasture subsystems. Agricultural
yield for each crop, number of agricultural, and horticultural labors, number and type of agricultural machinery,
amount of fertilizers, herbicides and fungicides, used fossil fuels, electricity, and agricultural waste belonged to
the agricultural sub-sector. Census of livestock, livestock and poultry production, livestock and poultry feed,
livestock and poultry production, workers and machinery, fossil fuel and electricity needed and livestock waste
were collected for the livestock sector. Pasture production used for livestock grazing, amount of livestock
manure going back to rangelands were belong to pasture sector. All energy flows were converted to gross caloric
value following research by Guzman et al. (2014). In this method, the calculation of multiple EROIs has
replaced the conventional methods of energy efficiency calculation. Landscape heterogeneity calculated using
landscape metrics. Correlation coefficient was performed using SPSS between EROIs and heterogeneity.
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Results and Discussion

The highest value of FEROI was found in Bashariyate Sharghi with 0.25 and the lowest was in Kharghane
Gharbi with 0.018. EFEROI, which is the most similar to the conventional method of energy efficiency, had the
highest rate with 0.666 in Bashariate Gharbi and the lowest rate with 0.020 in Kharqan Gharbi. IFEROI was 0.95
in Narjah and the lowest was in Shahidabad with 0.168. Lower IFEROI indicates a higher return biomass in the
production system, which seeks to maintain reproduction in the system by closing the biophysical cycles. The
highest NPPEROI were reported by Bashariate Gharbi at 1.122 and lowest by Kharqan Gharbi at 0.173.In this
study the relationship between the EROIs index and the heterogeneity of the landscape structure was shown. The
results have showed the inverse correlation between heterogeneity and energy efficiency, indicating the
heterogeneous impact of landscape structure on these indicators. It can be deduced that the heterogeneity created
by human in Qazvin province has reduced energy efficiency. To explain this inverse correlation between energy
efficiency and the heterogeneity of the landscape, it should be noted that one of the factors affecting efficiency is
that may final production come from land uses that needed more input energy and produce less output. By
examining the relationship between these indices with land use and land cover of each county, it was found that
these indices had their lowest level in dry farming. It means that in Qazvin province, energy efficiency in dry
farming is low, and relay on external inputs, which was mainly fossil fuel.

Conclusion

This study has explained how the calculation of several energy efficiency coefficients provides more
complete information than conventional methods for decision making. The results of this study can be applied in
land use planning to integrate energy considerations in planning and comprehensive agricultural development
plan.
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