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Purpose: The increasing environmental concerns linked to fossil fuel consumption—greenhouse gas emissions,
climate change, and resource depletion—have heightened the global demand for sustainable, renewable energy
systems. Among alternatives, biofuels have drawn considerable attention for their potential to bolster energy security,
reduce environmental pollution, and make effective use of agricultural and forestry residues. However, designing and
managing biofuel supply chains is inherently complex due to uncertainties in biomass availability, fluctuating market
demand, transportation limitations, and operational risks. To address these challenges, this study develops a
comprehensive multi-objective optimization model for the sustainable design and management of a biofuel supply
chain under uncertain supply and demand. The proposed framework simultaneously minimizes total operational costs,
unmet demand, carbon dioxide (CO:) emissions, and inventory risk to enhance supply chain sustainability, resilience,
and operational efficiency. A central aim of this research is to fill a gap in the literature by treating inventory risk as
an independent optimization objective alongside economic and environmental sustainability indicators.

Design/methodology/approach: This study proposes a multi-objective mathematical optimization framework for
biofuel supply chain network design and management under uncertainty. The model integrates economic,
environmental, and operational risk dimensions within a unified decision-making structure. To obtain balanced
compromise solutions among conflicting objectives, the LP-metric method is employed as the primary multi-objective
optimization technique. Because sustainability objectives are often contradictory, the LP-metric approach enables
identification of efficient trade-offs among cost minimization, environmental protection, service-level improvement,
and inventory risk reduction. Furthermore, the Fuzzy Analytic Hierarchy Process (FAHP) is used to determine the
relative importance and weights of objectives based on expert judgment under uncertainty. Applying FAHP enhances
the realism and flexibility of the decision-making process by incorporating ambiguity in human evaluations. In
addition, sensitivity analysis and Pareto optimal solutions are examined to validate the robustness and performance of
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the proposed model under different supply and demand scenarios. The scenario-based analysis investigates the
impacts of supply and demand fluctuations on network configuration, facility utilization, operational costs,
greenhouse gas emissions, and inventory risk.

Findings: The findings demonstrate that the proposed optimization framework effectively manages uncertainties
while improving economic efficiency, environmental sustainability, and operational stability within the biofuel supply
chain. Results indicate that integrating inventory risk into the optimization process significantly enhances the supply
chain's resilience to fluctuations in supply and demand. The proposed model reduces total costs, unmet demand, and
CO: emissions while maintaining a balanced trade-off among sustainability objectives. Scenario analysis reveals that
variations in supply and demand directly affect the structure and operational performance of the supply chain network,
particularly the number and utilization rates of warehouses, preprocessing centers, and active biogas facilities.
Scenarios with reduced supply and demand generally lead to lower operational costs and reduced greenhouse gas
emissions due to decreased production and transportation activities. However, underutilization of facilities in these
scenarios may increase inventory-related risks and reduce operational efficiency. Conversely, higher supply and
demand scenarios improve capacity utilization and reduce inventory risk, although they may raise transportation and
operational costs. Overall, the results confirm that the proposed model provides an effective decision-support
framework for identifying sustainable and resilient strategies in biofuel supply chain management under uncertainty.

Research limitations/implications: Despite its contributions, this research has several limitations that suggest
opportunities for future studies. The proposed model relies on simplifying assumptions that may not fully capture the
complexities of real-world biofuel supply chains. In particular, the study primarily addresses economic and
environmental dimensions while social and cultural sustainability indicators are considered only indirectly. Future
research could incorporate broader sustainability dimensions such as employment generation, social welfare, public
acceptance, and regional development impacts. Moreover, the current model treats uncertainty via scenario-based
analysis; future studies may benefit from integrating more advanced uncertainty modeling approaches such as robust
optimization, stochastic programming, and machine learning techniques. Additional research could also explore the
application of metaheuristic algorithms to solve larger, more complex real-world supply chain problems more
efficiently. Comparative analyses across different countries and renewable energy systems could further enhance the
generalizability and applicability of the proposed framework.

Practical implications: The proposed framework offers valuable managerial and strategic implications for
policymakers, industrial managers, and energy planners engaged in renewable energy development and sustainable
supply chain management. By concurrently considering economic performance, environmental impacts, and inventory
risk, the model enables decision-makers to make more balanced, well-informed strategic choices regarding facility
locations, storage capacity planning, biomass allocation, and transportation management. The results of this study can
support the development of resilient, sustainable biofuel supply chain infrastructures, especially in countries aiming to
reduce dependence on fossil fuels and enhance renewable energy utilization. The integration of FAHP and LP-metric
methods also provides a practical, flexible decision-making tool capable of addressing uncertainty and conflicting
objectives in real-world planning contexts. Additionally, the scenario-based analysis delivers useful insights for
designing adaptive strategies under varying market and supply conditions.

Social implications: The development of sustainable biofuel supply chains can generate significant social and
environmental benefits by reducing greenhouse gas emissions, decreasing reliance on non-renewable fossil fuels, and
promoting cleaner energy production systems. The utilization of agricultural and forestry residues as biomass
feedstock can also contribute to waste reduction and improved resource efficiency. In addition, the expansion of
biofuel industries may create employment opportunities in rural and agricultural regions, thereby supporting local
economic development and improving social welfare. By improving supply chain resilience and sustainability, the
proposed framework can assist governments and organizations in promoting long-term environmental protection and
sustainable energy transitions. The findings of this study may also support national strategies aimed at achieving
carbon reduction targets and strengthening energy security.

Originality/value: This study contributes to the literature by proposing a comprehensive, integrated multi-objective
optimization framework for biofuel supply chain design under supply and demand uncertainty. Unlike many previous
studies that focused mainly on cost reduction or environmental performance, this research introduces inventory risk as
an independent optimization objective within a sustainable supply chain framework. This novel perspective enhances
the realism and applicability of the model for operational and strategic decision-making. Additionally, integrating
FAHP for objective weighting with LP-metric optimization to generate compromise solutions represents an innovative
hybrid decision-making approach capable of handling uncertainty and conflicting sustainability objectives more
effectively. The scenario-based analysis provides a systematic evaluation of the simultaneous impacts of supply and
demand fluctuations on economic, environmental, and operational performance. Thus, the proposed model offers both
theoretical and practical contributions to advancing sustainable and resilient biofuel supply chain management.

Keywords: Multi-objective optimization, Sustainability, Random analysis, Fuzzy Analytical Hierarchical Process
(FAHP), Biofuels supply chain, Probable scenarios
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Table 3- Assumptions and values of some model parameters of this research (Ransicarbum and Pitakasu, 2024)
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Table 4- Analysis of sustainability weights using the fuzzy hierarchical technique (FAHP)

38 O 5 La ~,.$/'Lﬁ Z P
PRERSY il GOF R oV [PRERARLANS o S g
U M L U M L

*/VYY +/AQY VY'Y v/PeY Y/aA Y2y Y/YV slzsl
JYVY JYEY YT AV VAV /40 /40 e

ERI
AN ¥ NS e¥E Y4 OYS OvE ey
ARAY /9¥ YY /Y AR V00 AR e
V)0 PY v/YAY VP v/0¥] A YV AN slzsl
VPNV VINEY v/ +/YOY Y/\V Y/ A7ARY sl

&.5:533 JAL.&)\S
/YA +/¥YY /YY) ARS4 V/04 \/YY \VAR# PRI
/a0 5 YA /e PF /2Y4 /eY¥ J/AY¥ S
2 /¥4 ATNY +/¥aY ARR Y/ A V/04 \VAR) bzl
¥V Nidas ¥idh OV V/YY Vv /54 ol _

ALl b ls
JYVY S 145 NeE Voo yias /YA S
A VePE eFF S /0Y4 Y Vo S
VArdi sslasl
Yy ol

35 S e
V08 Sy

u,._.a.? )‘ o= RGN IS WS 6)@:::\_:.1 B WJJJ\S C3s “ yYo/Y Qj)‘j) GAMS wad )|J3‘ff BE Jde

fi*u_'..g Gl e iig palae b ol odd o i S (gloang e S O 4 Cla &b Ol

ol Al aseie Gds a JS e p=1 3 5 b3 55 s Wy 3 polie Osls 13 L s 055 asiio
s e QLS pBLs die 51 ol Ol ol 5 e il (0)

Hda cl,s FUPTR VIS S PRED

Table 5-Optimal values of objective functions
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Table 6-Scenario analysis of random supply and demand data
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Table 8- Performance of the social objective function (Z2) under Table 7- Performance of the economic objective function (Z1)
different scenarios under different scenarios
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Table 10-Performance of the risk objective function (Z4) under Table 9- Performance of the environmental objective function
different scenarios (Z3) under different scenarios
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Figure 1 - The impact of changing warehouse capacity on warehouse risk management
45 AS e Ol s s e hled DLl Sy Sl &6 1 U e b ol s B g (1) S
AU i AT Ol 4 b b S e s e e Sy SR 4 it 5 bay b b TalS
Solwe 5 (slad Cudgdowe 31 S0 Ll ol exu)dawsz\)pg\) &ijul_swﬂb e
il L agean el e bzl 5 28 ine Lol & ey 53 1) i (5 pdyllanil oS
SalS e S AN 570 Dl o L cd B ilsil Blie s s e (il 1 o s g e i
il S s e OLES ()l el 0dE e Sy e op 1S a0 aS AT (I3l 65 sa (Sl ails S
S 5 (alad e 5 Sl L gl ge 53 1 e 5 A5 o 35 1 el 6 UL e b
LS (b il gla g sl e Ll sl o3ls 1) Jslaze 5 Shes adyl b b copl L osdle



AV/ d?lz;,dj‘_;mui':_,g)‘;‘gMf@l/)ul&gjﬂls‘gdjugbwﬁ}s,dQ&ij&yw% sy ol

L bl by ol 65005 48 a3 55 &S e AST o ol ol a3l OLES Sy 2815 55 (6 208
L e JS 3 Ko s o a8 1) Slles Sy Ll JUI b (laags (il axlse Conlaions
5 oMl pdnoilasl slag sl ci i U bl e b Ll b 08,8 vaal Al o 25 50
s o g |y el 6y LS
s 0

S ol lasls ety Jbtl s @ i Slacst s el & i 5 St 1

Ls‘ﬂ é\ah) I 0 4> L')_»:‘JJ G)):jL}"LAOKA Slawansd 5 Sl ol JJ“.LJ L;’L@")j-@’j-’ Qlﬁy‘yz

(Mignogna et al., 2024) 3 ,ls &detds (5504

Jels O Glaal &8 0 &) Lol 5 a0 coaks plde Lo e (glaag Jde SC o tasn ol 3
el S Sy 5 Ml sl i 3,5 s b e 5 1L i el Glols (S &y e
J= LP-metric 5o, L e .S o S Slles 51bL 5 bl J 28 4 cdde a4 Ll Sy 035 a5l
s S el CmtS daalad pe 355 Sy e L3S0 opl Sl eslizul LS s FAHP L Blial 055 5
LS o edle olgmiy Jace 4 sl 0L il S e sbam) il Gilal Ol S 5 Ans s 55t
b 53 Ol kS pmen i e SEalS 35 1 LU Sy s e 3 S0 (LIS 55l s Laay s
sad,e SalS sl ast Gl b iy s pdoilanl s s s 400 5 Shes 53 e 18 LS
L Lacad b (5530 e Ol Liull a8 Jm s sdas o Ll 1 LU Sy QLasil 5 ausa ialS e ol
el Sy 5w G Sy e Lals s o o VL

L5 Sl s Sl SLa bl et il o o3l Joe o el U151 Sbe Sl ol 5
Sl 4 (gl S a i S e 5 Slabiae D g OF Sl s 2 5 Sl sy oL 5 e
ol gl e (5308 S S e 53 0T SIS Skl 5 Je (bl sLzed

Arabi & Yaghoubi, ) ;LA5I G aysa 5 S ete Slidsd OV 5 aS das e 0L by Oladlae b aslie
03,5 3Ll (g Sl 5550 (Jiee Gl Ol g Sl Sy 02531 Ll s ol Huang, 20252024

L oobwan s 5 oxe la a4 s i gla g sl (g5luans s FAHP Gl oslina] coomen .ol

3,13 & 56 G Momenitabar, 2022Hosseinalizadeh et al., 2022) ¢ ,Kull 3 L;uv;wﬁ\

S 7S o —F
So 3 Ll S s et (oolal glajlas Olejan pleal & ols 0L oy ol slaasly
bMJL;Lm;;'-yM;UZJg;}j ey b s 6/'5(*“"'@ e ks gileang ool
o o2l 1 e VT 28l 5 a8 i pa a alts OISl g 35l ol e o LSl (5lsbine JSC5 4
‘Ji.:.) Qbm&kybﬁﬁtﬂw)wijbuff‘j)J aﬁd)'d)jig.)u ‘QS-\M..") M}A C,J“ﬁ.lﬂl.vw\.\s

sl LU s s ean S 8 a4 sxo Ol pde 5 OIS Caslews sl 63,815 5 as 15l (solginy o



VEO OFF ol ) opled OV oy (Oldas 5 A5y nde 3 JRa g5 /AA

s LSS s L A5 s Slles OILL e ) Sl (golal LK Ole Jales
355l gen

sba 8 Ans o Wl s SCS g il 6 i Sl el Bdadir (3laang e S Ras 0]
Sl S Olseas 5l sl 1 b ool Sy 5 amaen 5 BT 0l el Lol ¢ JS &3a Olojon
ialaBlslad plesl L Sl ol 53 0,8 (o B0 50 Lol 5 e o Coalad oo Ll 2 5 Jitwe
ke sy 3l S s Al o ol el 8y 510t 5 oY clles Sy 5 et
i ol DSl el a3 5l eslial (omad 555 on et SL1S 8315 S poas Slsl 035 e
SLa i Loli 5 ad e Sllas e sl Llmi 5 o8l (55l Gilaal Ol | glasdlas slo el
et 03 St et GBS s el i 53 1y (OIS el 5 (6 S el 3500 Sl 53,08
Sl RSB 5 630 Gla s A2 S0 Dlpl (o Bl 2 2 S50 b S5l rag S oo 1012
s Bl s G g sl 6oy Il an s g 5 (655 05 OIS Cnl 5 Ol ke

los gla Sion b ol (Sn oS 558 o o )la Jle sba 2 3 e & Jhash onl glacus s
ool Ol 3 Sedomy ladis faw s 5 50 Gl 1 olacs e pl il il Gl W35
(o g el slal 8 05,0 s n 5 @alasl slal 1 G S el pomen XS e oal
Ll sy pl 5o Faalr lides 4 5l SasOll

Laesls &als o5 355 0 a0 55 (Ol 53 ot 3 S g al & i a3 oyl ik (sl (515
s 358 ol (6 5333 i B o eslinal esls o 5 (sl mer Bt AT Sl s b xS
S8 sy a3 ladde 5 nile (5,55l slapn ;S e Sl el (Sl gladde Sl eslind
oo OF 1l o5 g4 ( (San b 5 ool sl a5 S o0 SGS ol ey 3 @l 5 b i
SLa el il (55, 553 il 53 eelS E s oL Sl Sos Gl (Gl dnlr 5 s
oSS Ol Sl il 5 Lo o g bl o 505 (Sl 53 55 (el slae s b (gl lie
53 40l Ol slasl 5 s s e g g Sl eslizad Stadly Sl e eopl el S

References

Abbasi, T., Tauseef, S., & Abbasi, S. (2012). Anaerobic digestion for global warming control and
energy generation—An overview. Renewable and Sustainable Energy Reviews, 16(5), 3228-3242.

Abuelnuor, A. A., Abuelnour, M. A., & Abd El Kawi, O. S. A. (2024). Comparative analysis of slow
pyrolysis of sugarcane bagasse and corn stover for renewable energy production. Discover Energy,
4(1), 30. https://doi.org/10.1007/s43937-024-00058-0.

Ahmed, W., & Sarkar, B. (2018). Impact of carbon emissions in a sustainable supply chain
management for a second generation biofuel. Journal of Cleaner Production, 186, 807-820.
https://doi.org/10.1016/].jclepro.2018.03.060.

Aliahmadi, S. Z., Barzinpour, F., & Pishvaee, M. S. (2021). A novel bi objective credibility based
fuzzy model for municipal waste collection with hard time windows. Journal of Cleaner
Production, 296, 126364. https://doi.org/10.1016/j.jclepro.2021.126364




M Sy Gdaome i sls 5 ien pl1 /L1 Sy LS 5 (551 2 55 00 b G S g ol 5 (S5l

Aliano Filho, A., Cantane, D. R., Isler, P. R., & de Oliveira Florentino, H. (2023). An integrated multi
objective mathematical model for sugarcane harvesting considering cumulative degree days.
Expert Systems with Applications, 232, 120881. https://doi.org/10.1016/j.eswa.2023.120881.

Ambaye, T. G., Vaccari, M., Bonilla Petriciolet, A., Prasad, S., van Hullebusch, E. D., & Rtimi, S.
(2021). Emerging technologies for biofuel production: A critical review on recent progress,
challenges and perspectives. Journal of Environmental Management, 290, 112627.
https://doi.org/10.1016/j.jenvman.2021.112627.

Arabi, M., & Yaghoubi, S. (2024). A Lagrangian relaxation approach for algae-based biofuel supply
chain network design under uncertainty and pricing issue. Environmental Science and Pollution
Research, 31(55), 64048-64068.

Asadi, E., Habibi, F., Nickel, S., & Sahebi, H. (2018). A bi objective stochastic location inventory
routing model for microalgae based biofuel supply chain. Applied Energy, 228, 2235-2261.
https://doi.org/10.1016/j.apenergy.2018.07.067.

Azar, A., & Raoufian, A. (2010). Optimization of quality function deployment using linear physical
programming. Ministry of Science. Research, and Technology-Tarbiat Modares University.

Bahmani, P., Sadrabadi, M. H. D., Makui, A., & Jafari-Nodoushan, A. (2024). An optimization-based
design methodology to manage the sustainable biomass-to-biodiesel supply chain under
disruptions: a case study. Renewable Energy, 229,
120626.https://doi.org/10.1016/j.renene.2024.120626.

Chowdhury, P., Mahi, N. A., Yeassin, R., Chowdhury, N.-U.-R., & Farrok, O. (2025). Biomass to
biofuel: Impacts and mitigation of environmental, health, and socioeconomic challenges. Energy
Conversion and Management: X, 25, 100889. https://doi.org/10.1016/j.ecmx.2024.100889.

Ebrahimi, S. B., & Bagheri, E. (2022). Optimizing profit and reliability using a bi objective
mathematical model for oil and gas supply chain under disruption risks. Computers & Industrial
Engineering, 163, 107849. https://doi.org/10.1016/j.cie.2021.107849.

Fernandez Puratich, H., Rebolledo Leiva, R., Hernandez, D., Gomez Lagos, J. E., Armengot Carbo,
B., & Oliver Villanueva, J. V. (2021). Bi objective optimization of multiple agro industrial wastes
supply to a cogeneration system promoting local circular bioeconomy. Applied Energy, 300,
117333. https://doi.org/10.1016/j.apenergy.2021.117333.

Ganesan, T., Vasant, P., Sanghvi, P., Thomas, J., & Litvinchev, 1. (2020). Random matrix generators
for optimizing a fuzzy biofuel supply chain system. Journal of Advanced Engineering and
Computation, 4(1), 33-50. https://doi.org/10.25073/jaec.202041.268.

Gital, Y., & Bilgen, B. (2024). Biomass supply chain network design under uncertainty, risk and
resilience: A systematic literature review. Computers & Industrial Engineering, 197, 110270.
https://doi.org/10.1016/j.cie.2024.110270.

Han, N., & Um, J. (2024). Risk management strategy for supply chain sustainability and resilience
capability. Risk Management, 26(2), 1-26. https://doi.org/10.1057/s41283-023-00138-w.

Helal, M. A., Anderson, N., Wei, Y., & Thompson, M. (2023). A review of biomass to bioenergy
supply chain research using bibliometric analysis and visualization. Energies, 16(3), 1187.
https://doi.org/10.3390/en16031187.

Hsu, H.-Y., Hwang, M.-H., & Tsou, P.-H. (2023). Applications of BWM and GRA for evaluating the
risk of picking and material-handling accidents in warehouse facilities. Applied Sciences, 13(3),
1263. https://doi.org/10.3390/app13031263.

Hosseinalizadeh, R., Shakouri, H., & Izadbakhsh, H. (2022). Planning for energy production from
municipal solid waste: An optimal technology mix via a hybrid closed-loop system dynamics-
optimization approach. Expert  Systems with Applications, 199, 116929.
https://doi.org/10.1016/j.eswa.2022.116929

Hu, Y., Wang, J., Yang, Y., Li, S., Wu, Q., Nepovimova, E., Zhang, X., & Kuca, K. (2024).
Revolutionizing soil heavy metal remediation: Cutting-edge innovations in plant disposal



https://doi.org/10.3390/app13031263
https://doi.org/10.1016/j.eswa.2022.116929

VEO FY ol ) epled OV oy (Oldes 5 A5 e 3 JRags /4

technology. Science of The Total Environment, 918, 170577.
https://doi.org/10.1016/j.scitotenv.2024.170577

Huang, X., Ji, L., Xie, Y., & Luo, Z. (2025). Robust optimization of regional biomass supply chain
system design and operation with data-driven uncertainties. Food and Bioproducts Processing,
149, 176-189. https://doi.org/10.1016/1.tbp.2024.11.021.

Jakubowski, M. (2022). Cultivation potential and uses of Paulownia wood: A review. Forests, 13(5),
668. https://doi.org/10.3390/f13050668.

Jeswani, H. K., Chilvers, A., & Azapagic, A. (2020). Environmental sustainability of biofuels: A
review. Proceedings of  the Royal Society A, 476(2243), 20200351.
https://doi.org/10.1098/rspa.2020.0351.

Kandpal, V., Jaswal, A., Santibanez Gonzalez, E. D., & Agarwal, N. (2024). Environmental impact
assessment and sustainable energy transition. In Sustainable Energy Transition: Circular Economy
and Sustainable Financing for Environmental, Social and Governance (ESG) Practices (pp. 273—
288). Springer.

Karakosta, C., & Askounis, D. (2010). Developing countries' energy needs and priorities under a
sustainable development perspective: A linguistic decision support approach. Energy for
Sustainable Development, 14(4), 330-338. https://doi.org/10.1016/j.esd.2010.06.003.

Kiwjaroun, C., Tubtimdee, C., & Piumsomboon, P. (2009). LCA studies comparing biodiesel
synthesized by conventional and supercritical methanol methods. Journal of Cleaner Production,
17(2), 143—153. https://doi.org/10.1016/j.jclepro.2007.04.014

Lewis, S. M., Gross, S., Visel, A., Kelly, M., & Morrow, W. (2015). Fuzzy GIS-based multi-criteria
evaluation for US agave production as a bioenergy feedstock. GCB Bioenergy, 7(1), 84-99.
https://doi.org/10.1111/gcbb.12100.

Mabharana, D., Kommadath, R., & Kotecha, P. (2023). An innovative approach to the supply-chain
network optimization of biorefineries using metaheuristic techniques. Engineering Optimization,
55(8), 1278-1295.

Momenitabar, M., Ebrahimi, Z. D., & Ghasemi, P. (2022). Designing a sustainable bioethanol supply
chain network: A combination of machine learning and meta-heuristic algorithms. Industrial
Crops and Products, 189, 115848.

Osmani, A., & Zhang, J. (2017). Multi-period stochastic optimization of a sustainable multi-feedstock
second-generation bioethanol supply chain—A logistic case study in Midwestern United States.
Land Use Policy, 61, 420-450. https://doi.org/10.1016/j.landusepol.2016.11.033.

Pan, A, Xu, S., & Zaidi, S. A. H. (2024). Environmental impact of energy imports: Natural resources
income and natural gas production profitability in the Asia-Pacific Economic Cooperation
Countries. Geoscience Frontiers, 15(2), 101756. https://doi.org/10.1016/1.gsf.2023.101756.

Qadir, S. A., Al-Motairi, H., Tahir, F., & Al-Fagih, L. (2021). Incentives and strategies for financing
the renewable energy transition: A review. FEnergy Reports, 7, 3590-3600.
https://doi.org/10.1016/].egyr.2021.06.057.

Rafique, R., Jat, M., & Chudhery, M. A. Z. (2021). Bioenergy supply chain optimization for
addressing energy deficiency: A dynamic model for large-scale network designs. Journal of
Cleaner Production, 318, 128495, https://doi.org/10.1016/j.jclepro.2021.128495.

Ransikarbum, K., & Pitakaso, R. (2024). Multi-objective optimization design of sustainable biofuel
network with integrated fuzzy analytic hierarchy process. Expert Systems with Applications, 240,
122586. https://doi.org/10.1016/j.eswa.2023.122586.

Savoji, H., Mousavi, S. M., Antucheviciene, J., & Pavlovskis, M. (2022). A robust possibilistic bi-
objective mixed integer model for green biofuel supply chain design under uncertain conditions.
Sustainability, 14(20), 13675. https://doi.org/10.3390/sul42013675.



https://doi.org/10.1016/j.jclepro.2021.128495
https://doi.org/10.1016/j.eswa.2023.122586

A/ Gl shommn gyl 5 fmme ol /51 Sy 281 5 IG5 05 b s S5 g e 6o (5Lt

Sivamani, S., Selvakumar, S., Rajendran, K., & Muthusamy, S. (2019). Artificial neural network—
genetic algorithm-based optimization of biodiesel production from Simarouba glauca. Biofuels,
10(3), 393-401. https://doi.org/10.1080/17597269.2017.1349272.

Suresh, S., Barboza, A. B., Ashwini, K., & Dinesha, P. (2025). Optimization of ANN Models Using
Metaheuristic Algorithms for Prediction of Tailpipe Emissions in Biodiesel Engine. Heat Transfer,
54(2), 1189-1201. https://doi.org/10.1002/htj.22936.

Tan, Y., Wang, X., & Zheng, Y. (2018). Modeling and daily operation optimization of a distributed
energy system considering economic and energy aspects. International Journal of Energy
Research, 42(11), 3477-3495. https://doi.org/10.1002/er.4082.

Wang, S., Sun, L., & Igbal, S. (2022). Green financing role on renewable energy dependence and
energy transition in E7  economies.  Renewable  Energy, 200, 1561-1572.
https://doi.org/10.1016/j.renene.2022.09.073.

Wassie, S. B. (2020). Natural resource degradation tendencies in Ethiopia: A review. Environmental
Systems Research, 9(1), 1-29. https://doi.org/10.1186/s40068-020-00178-5.

Zarafati, M. E., & Golmohammadi, A. (2021). A mathematical model for optimization in biofuel
supply chain network based on microalgae: A case study in Iran. Proceedings of the 1st National
Conference on Optimization and New Solution Methods, Iran.

Zhang, Y., & Jiang, Y. (2017). Robust optimization on sustainable biodiesel supply chain produced
from waste cooking oil under price uncertainty. Waste Management, 60, 329-339.

https://doi.org/10.1016/j.wasman.2016.11.004.

Zhou, T., Li, Z., Aviso, K. B., Tan, R. R., Jia, X., & Wang, F. (2024). Multi-objective optimization of
straw-based bio-natural gas supply chains considering cost, CO2 emission, and safety. Journal of
Cleaner Production, 449, 141759. https://doi.org/10.1016/j.iclepro.2023.141759.

Ziolkowska, J. R. (2014). Optimizing biofuels production in an uncertain decision environment:
Conventional  vs. advanced  technologies.  Applied  Energy, 114,  366-376.
https://doi.org/10.1016/j.apenergy.2013.09.066.

Haghighi, A., & Babapour, A. (2018). Using renewable energy as an effective way to reduce
environmental pollution. Renewable and New Energy.

Ghadge, A., Er Kara, M., Moradlou, H., & Goswami, M. (2020). The impact of Industry 4.0
implementation on supply chains. Journal of Manufacturing Technology Management, 31(4), 669-
686.https://doi.org/10.1108/IMTM-10-2019-0368

Mignogna, D., Szabd, M., Ceci, P., & Avino, P. (2024). Biomass energy and biofuels: perspective,
potentials, and challenges in the energy transition. Sustainability, 16(16), 7036 .
https://doi.org/10.3390/sul6167036

! Linear Programming Metric (Metric)

% Fuzzy Analytic Hierarchy Process (FAHP)
? Biomass Supply Chain Network (BSCN)
4 Ambaye et al.

> Chowdhury et al.

® Kandpal et al

" Wassie

8 Pan et al.

° Abbasi et al.

10 Qadir et al.

" Ghadge et al.

12 Geographic Information System (GIS)
13 Bahmani et al.

' Arabi & Yaghoubi

'S Huang et al.

16 Zhou et al.


https://doi.org/10.1002/htj.22936
https://doi.org/10.1016/j.wasman.2016.11.004
https://doi.org/10.1016/j.apenergy.2013.09.066
https://doi.org/10.1108/JMTM-10-2019-0368
https://doi.org/10.3390/su16167036
https://doi.org/10.3390/su16167036

VEOO O L) ol Y ey (Slles 5 A5 Ca e 3 iasn /AY

7 Hu et al.

18 Maharana et al.

1 Suresh et al.

20 Artificial Neural Network (ANN)
2! Carbon Monoxide (CO)

22 Unburned Hydrocarbons (HC)
2 Nitrogen Oxides (NOx)

?* Ebrahimi and Bagheri

3 Ziolkowska

2 L ewis et al.

2 Ottoman and Zhang

8 Zhang & Jiang

2 Ahmed & Sarkar

30 Asadi et al.

3! Sjvamani et al.

32 Ganesan et al.

33 Aliahmadi et al.

3* Rafique et al.

35 Fernandez-Puratich et al.

3¢ Abuelnuor et al.

37 Savoji et al.

¥ Aliano Filho et al.

** Hilal et al.

0 Biomass Supply Chain Network (BSCN)



