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Abstract

The concept of eco-efficiency is used as a tool to analyze farm
sustainability to relate economic value of an activity to its
impact on the environment. The practical concept of eco-
efficiency is used according to the method of irrigation, the
conveyance of water in agricultural fields, the environmental
effects of crop productions and the economic value of the crop
yield. SEAT and EVAT software are two modeling tools which
combine both economic and environmental viewpoints into a
single modeling framework and allow the user to evaluate the
water consumption system. In this research, the eco-efficiency
index with regard to the environmental impacts of diesel fuel
was evaluated in one of command areas in Sefidroud Irrigation
and Drainage Network. The agricultural lands in this area
include paddy rice, tea-garden, and fish-culture ponds. The
environmental performance of the system was evaluated for
climate change due to greenhouse gas emissions from diesel
consumption while the economic performance was measured
by using the total value added to the system's final products in
relation to the water used and the adopted management
practices. Then, the vulnerability of the area was assessed
according to eco-efficiency index of climate change. The
results showed that the eco-efficiency index in the baseline for
paddy rice, tea-garden and fish-culture were calculated as 3.46,
0.76 and 0.02 Million Rials/lkg CO2 eq, respectively. The
results showed that eco-efficiency indicator for scenarios 3
(where the paddy rice percent of irrigation efficiency and
return flow recycling were considered as 63% and 5%,
respectively) and 4 (by replacing 50% of diesel engines with
electric motors in fish farming) were increased respectively by
17 and 86% overall in F1 unit, in comparison to the base
scenarios. Therefore, to improve the eco-efficiency indicator
concern should be given to the management of the agricultural
water system, replacement of the diesel engine pumps with
electric pumps for groundwater abstraction, adopting new
water pricing policies, and increase in the degree of
agricultural mechanization.
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Fig. 1- Case Study, a- Guilan Province,
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Table 1- Information related to command area of F1
F1 ‘_5.5‘).0& »‘9 LY by’o ileMb! -y Jg-\?

Source . Water use (Mm?) Consumed energy (kwh)
Cultivated . -
Yield (kg/ha) Sourface Ground Agricultrul
area (ha) Water pump :
Product water water machinary
Rice 15039 3535 169.23 3.17 2550847 35482014
Tea 504 7000 - 3.06 3656215 -
Fish 1500 3000 31.5 4.5 2210734 822631

Table 2- Used hrbicidesns and pesticides in the study area
adlre D90 adlvo 2 o3l D90 ‘_g‘.@bg-vsg—d‘ 9 Pgoww -y Jg»

esticide
Fipronil (kg/ha)
Product

Cartap hydrochlori

o 0
Diazinon 60% (I/ha) Diazinon 10%

de (kg/ha) (kg/ha)
Rice 40 30 - 2
Tea - - 15 -
Fish - - - -

Table 3- Used fertilizeres and manure in the study area
axllls > 90 ablaie 4 03wl 3,90 DS -Y Jous
Fertilizer Potassium Potassium
ka/ha) Urea - Phosphate - Dolomite Manure
chloride magnesium sulfate

Product
Rice 200 200 50 - - -
Tea 800 - 100 300 200 -
Fish 250 - 250 - - 1000
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Table 4- The unit costs of consumed materials
‘;).m.o :‘9.0 »‘5 » Coond - ¥ Jg-\e

Material Cost (Rials) Material Cost (Rials)
Power energy (kwh) 145 Fertilizer (Urea) (kg) 7500
Diesel (L) 3000 Fertilizer (Manure) (kg) 200
Fertilizer (Potassium chloride) (kg) 6000 Pesticide (Diazinon 10% ) (L) 85000
Fertilizer (Phosphate) (kg) 15000 Pesticide (Diazinon 60% ) (L) 380000
Fertilizer (Potassium magnesium sulfate) (kg) 15000 Pesticide (Cartap hydrochloride) (kg) 46000
Fertilizer (Dolomite) (kg) 11000 Pesticide (Fipronil) (kg) 45000

Table 5- The unit price of productions
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Table 6- Life cycle inventory flows of the case study
axllls 3590 abliin 43 Jouatw ddgi 4y s> —F Joaa

Resource parameter Flow Unit
Surface water 228058020 m?
Water resources
Groundwater 10580003 m?
Electricity 3924997.7 kWh
Diesel fuel 205662564.3 kWh
Fertilizer (Urea) 3786000 kg
Fertilizer (Phosphorus) 1177350 kg
Fertilizer (Potsh) 3159000 kg
Supplementary Fertilizer (Dolomite) 100800 kg
resources Fertilizer (Manure) 1500000 kg
Pesticide (Diazinon-10) 1082808 kg
Cartap hydrochloride 451170 kg
Pesticide (Fipronil) 601560 kg
Pesticide (Diazinon-60) 756 Lit
Land 17043 ha
Carbon dioxide (CO2) 55091914.9 kg-CO2 eq
Emissions to air Methane (CH4) 198310.2 kg-CO: eq
Nitrous oxide (N20) 4718456.8 kg-CO2 eq
Rice 53162.9 ton
Products Tea 3528 ton
Fish 4500 ton

Table 7- Economic performance of the case study for different actors
axdllas dy90 ablaie 4> AliSte s 59,5 (LB 5 Slos -V Jgan

Actor _ Cost _Income Net e_cpnom_ic output Net_e_conomic output
(Milion Rials/yr) (Milion Rials/yr) (Milion Rials/yr) (Milion Rials/ha-yr)
Fish 234359.3 360000.0 125640.7 83.8
Tea 111274.9 140433.8 29158.9 57.9
Rice 613396.3 2392311.7 1778915.4 118.3
Total value added 1933715.0 1135
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Table 8- The results of defined scenarios for paddy rice
T2 SIS (515 0 iy pa glog U gl A Jgoa

Yield Irrigation water use

Net economic output

Net economic output

Scenarioya/ha) (m¥ha) (Milion Rials/yr) (Milion Rials/ha-yr) EE
Base 3535 4508 17789154 1183 3.46

1 1166 3204 175694.4 117 0.34

2 2039 4957 766497.2 51.0 1.49

3 4024 4356 2109812.4 1403 410
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Eco-Efficiency Index
Eco-Water

Actor

Material Flow Analysis
Material Flow Networks
Total Value Added

Total Economic Value
Total Financial Cost

9- Total Market Value of Product
10-Net Economic Output
11-Water Services

12-Value of Product
13-Financial Costs
14-Annual Investment Costs
15-Stage

16-Process
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Table 9- The results of defined scenarios for fish

farming
WSl g1y o iy (590 b gl - oo
2l (995
Supplementary Unit  Scenario_Base  Scenario_4
resources
Electricity kWh 2713749 8113749
Diesel fuel kWh  188355467.3 94516967.3
Carbon  dioxide
(CO2) kg 504557445  25318744.5
Methane (CH4) kg 7264.9 3645.5
Nitrous oxide
(N20) kg 14501.3 7276.8
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