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Introduction
This comprehensive study investigates sustainable energy solutions for rapeseed oil production through a
comparative analysis of three distinct operational scenarios: conventional non-renewable energy systems,
photovoltaic solar energy implementation, and canola residue gasification technologies. The research was conducted
across two major production facilities, Behpak factory in Behshahr, specializing in oil extraction, and Ghoncheh
factory in Sari, handling refinement and packaging processes, to evaluate environmental impacts under different
energy regimes.

Materials and Methods
Using advanced modeling approaches, the solar photovoltaic system was meticulously designed in HOMER
software while gasification processes were simulated through MATLAB, with all primary operational data obtained
through extensive interviews with factory engineers. The life cycle assessment (LCA) was performed using SimaPro
software with the ReCiPe 2016 model, analyzing every 1000 kg of packaged rapeseed oil output across three
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fundamental categories: human health consequences, ecosystem quality preservation, and resource utilization
efficiency.
Results and Discussion

Simulation results showed that gasification technology achieves optimal performance within an equivalence ratio
range of 0.20-0.45, with detailed analysis indicating that exceeding this range significantly reduces both gas yield
and system efficiency. At the optimal equivalence ratio of 0.3, the system produced 1,069 kWh of electricity and
2,567 kWh of thermal energy per 1,000 kg of processed oil, representing a substantial improvement over
conventional methods. The solar photovoltaic implementation, comprising 5,700 panels, demonstrated remarkable
capacity by generating 7.15 million kwh annually, exceeding the factories&#39; energy requirements by 2.9 million
kWh. However, an environmental impact analysis revealed crucial differences between the renewable alternatives.
While gasification showed a 35% reduction in environmental burdens (45.13 environmental points versus 69.29
points for conventional systems), the solar scenario achieved a more modest 14% improvement. This discrepancy
primarily stems from the shift in pollution sources — where conventional systems showed electricity consumption
accounting for approximately 50% of environmental impacts across critical categories including global warming
potential, ionizing radiation effects, ozone formation, particulate matter generation, terrestrial acidification,
ecotoxicity, and fossil resource depletion, the renewable scenarios revealed polyethylene packaging materials as the
new dominant pollution source. A detailed examination of impact categories revealed that in renewable energy
implementations, polyethylene contributed 60-75% of the remaining environmental burdens, significantly
influencing multiple indicators, including climate change metrics, aquatic toxicity parameters, and resource
depletion indices. The human health category emerged as the most severely impacted across all scenarios, with
particular concern for carcinogenic potential and respiratory effects. Comparative analysis demonstrated that while
renewable energy adoption effectively addresses energy-related impacts, it simultaneously highlights material-
related challenges that require urgent attention. The gasification scenario, while showing superior overall
performance, still exhibited significant impacts from polyethylene inputs, whereas the solar scenario revealed
additional concerns related to battery storage systems and water consumption throughout the production chain.
These findings carry important implications for sustainable oil production. The study confirms that canola residue
gasification represents the most environmentally favorable option among examined alternatives, capable of meeting
approximately 50% of energy demands while significantly reducing ecological footprints. Solar photovoltaic
systems, while technologically viable and capable of substantial energy generation, show somewhat limited
environmental benefits due to persistent packaging-related impacts. Crucially, the research identifies that a
comprehensive sustainability strategy must address both energy sources and material inputs, particularly focusing on
polyethylene alternatives, to achieve meaningful environmental improvements. The quantitative outcomes provide
clear guidance for policymakers and industry stakeholders, with non-renewable systems scoring 69.29
environmental points, gasification at 45.13 points, and solar at 59.48 points in the ReCiPe 2016 evaluation.

Conclusion

This investigation makes significant contributions to the field by: (1) Quantifying the precise equivalence ratio
range for optimal gasification of canola residues; (2) Demonstrating the energy surplus potential of solar
implementations in industrial oil production; (3) Revealing the critical shift from energy-dominated to material-
dominated environmental impacts in renewable scenarios; and (4) Providing concrete data comparing three
operational approaches using standardized LCA methodology. The results underscore the necessity of integrated
solutions combining optimized energy systems with sustainable material choices to advance environmental
performance in edible oil production.
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Fig. 4- System boundary in the second scenario (energy supply using solar photovoltaic energy)
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Table 1- Final and approximate analysis of rapeseed residues
o 501

25 U]
Approximate analysis Final analysis
(Wt%o) (Wt%)
o) R
3| sk dosle  AbCus . -
I e, 2 oS O o 8F s
AU pumidiy 7 2 c H N s o
HHVdry Ash  substance  pjyeq
(Mj.kg™) C
SE 3
45T 14.04 6.18 5.01 62.89 25.55 40.94 5.52 0.8 0.53 51.53
o=
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Fig. 5- System boundary in the third scenario (energy supply using rapeseed waste gasification technology)
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Table 2- The amount of data allocation used in the oil production chain (first scenario)

0 03lo £33 sl oo
Type of consumable Unit Value
ol Lit 5.8
Hexane
u—éJ‘““’ )‘Lf Jf ) m3 48.02
Total gas consumption
Graedn kW 245.4
Total electricity consumption
Consumable steam
S5 g9y work day 3.8
Labor force
bt kg 0.14
Electric motor
! kg 0.24
Steel
cli 5 Ol kg 0.36
Iron and metals
S S kg 0.1
Citric acid
S sl kg 0.75
Phosphoric acid
Sl glgsl kg 1
Types of acids
Wodog b mle SwlSogu kg 6.46
Liquid caustic soda with boheme 13 '
cdn SE kg 5.44
Perlite soil
o S kg 35
Bentonite soil
Shos = sals colast o kg 0.08
Solid antioxidant - edible TBHQ
Oral propylene glycol
ol s work day 3.2
Labor force
Electric motor
! kg 0.13
Steel
clit s ol kg 0.19
Iron and metals
o kg 0.028
Copper
Sy sz £l kg 0.5
Types of adhesive tape
S kg 0.03
Label glue
Sablb oy kg 4.6

battery door
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B3
Carton
Jsd
Label
) aS” ol
Nylon bag
p.et
Yellow masterbatch p.e.t
hrae ol IS
Total water consumption

kg 12.2
kg 0.63
kg 1.55
kg 27.29
kg 0.28
m3 2.77

1505 gLl 8397 Cann (55591 (5w 5315 dilolus 3 ol Zl Sl dgo - Y Jous
Table 3- Extracted materials in the biomass energy gasification system of rapeseed residues

03wl 390 dlge (2555LS) walg
Materials used Unit (kg)
0395 ot (il 0.0004
Biomass Storage
)$9e 0.000018
Motor
oS 0.00005
Belt
35 S I 0.0004
Biomass conveyor
0395 Caunsyj 5lo;8 0.012
Biomass gasifier
Ol 5 25 0.0005
Cyclone dust collector
55 0.004
Air cooler
S8 A 0.005
Gas cooler
ESP 0.008
&5 A 0.006
Gas cooler
o7 i 58 0.001
Gas dryer
Al g5 0.002
Buffer tank
5 Jne 0.00005
Gas flare
B gl55 dcgeme 0.0225
Gas generator sets
e 0.00008
Blower

LS o0
S5 sbodld j2a) ¥ Jgiax 13 35290 (sloodles g dlge aon
PSS 29y M5 0)93 Jobo )3 (e JB g dipu Sl il
P A g 2led My iVl g 4dal (639)9 laciend

Sl At 1S (65550 30,8 50 3 ealaiwl 550 (slaedls
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Slacand IS5l ey g 095 Jsb 53 Jgaa ol 3 3929
B oalitl 3)00 (a0t 9 (25 M5 (VL 5 bl (53959
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Table 4- Extracted materials in the third scenario (use of solar energy)

Pyan Sy g4
Type of consumable

‘5.\....»)9> i
Photovoltaic panel

alg o))l
Unit Value
m?  0.005
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Table 5- Results of rapeseed gasification modeling

I3 Sl S 0o 025 03 035 04 045
Canola equivalence ratio
Oigre 1673 1577 1479 1371 1247 11.09
Hz (vol %)
05 demS5ie 2089 2213 2275 2291 2262 21.99
CO (vol %)
05 ST 62 1754 1537 1388 1287 123 12,07
COz2 (vol %)
oo 514 358 233 133 057 001
CHa (vol %)
Oi9 A 3946 43.07 46.17 49.08 5192 547
N2 (vol %)
Somb Sl ohi)
LHV (MJ.m?3) 6.28 5.78 5.3 4.85 441 3.97
Silw G5B gled
T gasification (k) 1039 1075 1113 1155 1198 1243
Sl S5 ol 168 192 215 236 255 273
Vg (m3gas.kg* canola)
el 6532 6833 69.95 69.65 67.56 64.4
Efficiency (%)

155 g 5lw g5 ailolw S 3l oWl b sudgi &yl 9 30 -1 Jgu
Table 6- Electricity and heat produced using a rapeseed gasification system

il Comg S I I $irl Wy W JRN g7 A g g Oyl g Oyl
Equi The amount of Energy Electricity Electricity Production Production
quivalence : - .
ratio gas produced production production production heat heat
(m3) (MJ) (MJ) (kWh) (MJ) (kwh)
0.2 4053.00 25452.82 3358.87 933.02 8061.29 2239.25
0.25 4605.55 26620.11 3674.01 1020.56 8817.63 2449.34
0.3 5142.23 27253.84 3851.03 1069.73 9242.47 2567.35
0.35 5595.48 27138.08 3818.38 1060.66 9164.12 2545.59
0.4 5968.79 26322.38 3592.29 997.86 8621.50 2394.86
0.45 6320.47 25092.27 3264.38 906.77 7834.52 2176.26
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Fig. 6- The contribution of inputs on the intermediate indicators of oil production in the scenario of using non-renewable
energies
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Fig. 7- The contribution of each of the oil production stages in the amount of each of the impact groups in the second scenario
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Fig. 8- The contribution of each of the oil production stages in the amount of each of the impact groups in the third scenario
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Fig. 9- The damage potential of each group on human health, climate change and resources in the first scenario
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Fig. 10- The damage potential of each group on human health, climate change, and resources in the second scenario
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Fig. 11- The damage potential of each group on human health, climate change, and resources in the third scenario
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