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Figure 1- Boundaries of bioethanol production cycle from planting to bioethanol production
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Table 1- Inputs in the bioethanol production process at different stages

Input Unit Agricultural operation Bioethanol production
Diesel L 0.0372 0
Nitrogen (N) kg 0.0553 0
Phosphorus (P205) kg 0.0769 0
Potassium (K20) kg 0.0531 0
Herbicide kg 0.00041 0
Fungicide kg 0.00038 0
Insecticide kg 0.00035 0
Water m3/ha 0.8464 0.0121
Electricity kWh 0.1525 0.8659
Human Labor h 0.1314 0.2499
Electromotor kg 0 0.00057
Steel kg 0.0711 0.0342
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Table 2- Direct outputs emission in the bioethanol production process from the field and manufactory

Emissions | Coefficient | Amount Emissions (kg)
Direct emission to air- diesel combustion
Carbon dioxide (COy) 74.5 (g/MJ) 0.155957475
Sulfur dioxide (SO3) 2.41E-02 (g/MJ) 5.04507E-05
Methane (CH4) 3.08E-03 (g/MJ) 6.44764E-06
Benzene (CeHs) 1.74E-04 (g/MJ) 3.6425E-07
Cadmium (Cd) 2.39E-07 (g/MJ) 5.0032E-10
Chromium (Cr) 1.19E-06 (g/MJ) 2.49113E-09
Copper (Cu) 4.06E-05 (g/MJ) 8.49916E-08
Nitrogen monoxide (N,0O) 2.86E-03 (g/MJ) 5.98709E-06
Nickel (Ni) 1.67E-06 (g/MJ) 3.49596E-09
Zink (Zn) 2.39E-05 (g/MJ) 5.0032E-08
Benzo (a) pyrene 7.16E-07 (g/MJ) 1.49887E-09
Ammonia (NH;) 4.77E-04 (g/MJ) 9.98547E-07
Selenium (Se) 2.39E-07 (g/MJ) 5.0032E-10
PAH (polycyclic hydrocarbons) 7.85E-05 (g/MJ) 1.64331E-07
Hydro carbons (HC, as NMVOC) 6.80E-02 (g/MJ) 0.00014235
Nitrogen oxides (NOy) 1.06 (g/MJ) 0.002218992
Carbon monoxide (CO) 1.50E-01 (g/MJ) 0.000314008
Particulates (b2.5 pm) 1.07E-01 (g/MJ) 0.000223993
Direct emission to air- chemical Poisons
Herbicide 0.3 0.000122753
Fungicide 0.3 0.000115436
Insecticide 0.3 0.000104947
Direct emission by human labor- agriculture operation
Carbon dioxide (CO;) [ 0.7 | 0.092
Direct emission by human labor- bioethanol production
Carbon dioxide (CO,) [ 0.7 | 0.175
Direct emission to water
NOy - 0.033634808
Phosphate - 0.175033669
Direct emission to Soil

Herbicide 0.3 0.000286423
Fungicide 0.3 0.000269351
Pesticides 0.3 0.000244875
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Table 3- Investigation of impact groups at different stages of agriculture and bioethanol

Impact category Unit Agriculture Ethanol production
Carcinogens kg C2H3CI eq 0.048548 0.073713
Non-carcinogens kg C2H3ClI eq 0.028942 0.010258
Respiratory inorganics kg PM2.5 eq 0.001711 0.00059
lonizing radiation Bqg C-14 eq 10.57899 2.544488
Ozone layer depletion kg CFC-11 eqg 11.5E-08 6.93E-08
Respiratory organics kg C2H4 eq 0.000569 0.000256
Aquatic ecotoxicity kg TEG water 123.6217 52.43566
Terrestrial ecotoxicity kg TEG soil 26.23884 10.80771
Terrestrial acid/nutri kg SO2 eq 0.039487 0.011608
Land occupation m2org.arable 0.04252 0.002019
Aquatic acidification kg SO2 eq 0.009236 0.004459
Aquatic eutrophication kg PO4 P-lim 0.000657 8.75E-05
Global warming kg CO2 eq 1.402298 0.847093
Non-renewable energy MJ primary 15.64311 13.83855
Mineral extraction MJ surplus 0.316474 0.084194
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Figure 2- The contribution of inputs to the bioethanol production cycle from potatoes to creating different impact groups
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Figure 3- The contribution of each input inputs to the bioethanol production cycle from potatoes to creating endpoint environmental
indicators
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Figure 4- Comparison of the weighted endpoint environmental indicators in the production of one kg bioethanol from potatoes
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Concerns about increasing environmental pollution and increasing greenhouse gas emissions from fossil fuels
have led researchers to use renewable energy. In this research, the environmental impacts of bioethanol
production from potato waste were investigated from the agricultural stage to the production stage of
bioethanol (crushing and malt production, enzymatic hydrolysis, fermentation and dehydration). Investigation
of environmental impact of the data collection was done using a life cycle assessment method in the form of
15 impact groups and 4 final indicators, and its functional unit was considered to produce one kg of
bioethanol. The results obtained from the impact groups in two stages of agriculture and bioethanol
production showed that the agricultural stage in all the affected groups except the carcinogenicity group had
higher values than the stages of bioethanol production. Also the results showed that the highest contribution
to creating different impact groups is related to energy consumption of electricity, steel, agricultural
machinery, nitrogen, phosphate and direct emission of pollutants from the field and manufactory. The
comparison between different environmental endpoints indicators shows that the human health index is 9.90
times higher than ecosystem quality, 1.28 times higher than climate change and 1.48 times higher than that of
resources with destructive effects on bioethanol fuel production.
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