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where n is the criterion, &, g sis the maximal eigenvalue of the comparison matrix, Rl is the Random Index which
depending on n values. The consistency rate (CR) should be less than 10 %. If CR < 10 %, the estimate is
accepted (Saaty, 2008). In this study, the CR is 2%.

3. Results and Discussion
3.1 Optimal Biorefinery Location — Case Study in Johor, Southern Malaysia

Final AHP analysis, as shown in Figure 3, suggested that Pantai Timor is the optimal biorefinery location. Pantai
Timor is selected to minimize the total logistic distances and costs for supplying customer demands. These best
candidates are capable of satisfying the demand of the markets. The biorefinery capacity for bioalcohol annual
demand is 1,017,830 t/y, and the OPF supply in total is 1,044,152.28 t/y. Pantai Timor is also the nearest city
to the demand centre with about 15 km away. Pantai Timor is the optimal biorefinery location with the shortest
distance from supply to demand.

Overall Inconsistency = .02

Pantai Timor 282 | ———
Sedii Kechi 215 I——

Johor Lama 143 I

Sungai Tiram .097 I

Kota Tinggi 0% I

Ulu Sungai Johor 073 I
Ulu Sungai Sedil Besar 057 NN
Sedili Besar 033

Figure 3: Overall results of the optimal biorefinery localization.

In the cost and emission scenario in Figure 4, Pantai Timor is the best candidate biorefinery location. Pantai
Timor is the best candidate with the minimal total cost and the lowest emissions; 9 M USD/y, CO2 emission,
0.128 t CO2/y emission than other locations.

Figure 4: Pantai Timor is the optimal biorefinery location with low emissions and the least cost

Sustainability criteria in biorefinery locations make the biofuels market more attractive. Sustainable biorefinery
location is characterized by replacing fossil fuel with biofuels, enhancing cost-effectiveness, environmental
issues mitigation, and stimulating socio-economic growth. Biorefinery transportation network integrates a
combination of rural and urban areas. The advantageous geographical position of biorefinery close to the town
reinvigorates productive employment for residential. Biorefinery location should be located at an average
distance of 3 km near the city to guarantee a seamless biofuel supply chain (Sahoo et al., 2016). Biomass
feedstock supply, treatment facility (biorefinery), and demand centre increase the performance of the supply
chain system (Permata et al., 2018).

3.2 Sensitivity Analysis

Sensitivity analysis is performed to check the robustness of the optimal solution obtained from AHP optimization.
This analysis was executed using Expert Choice v.11.5. The stability of the pairwise evaluation can be observed
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by changing the five criteria: distance, feedstock, social measures, cost, and emissions. Sensitivity analysis is
a ‘Black Box Processes’ that can help validate which factors are essential and how changes in methods, models,
or the values of variables affect the results.

In this study, the criteria weights change at 20 % is displayed in Figure 5. The primary vertical axis and secondary
vertical axis represent scores of alternatives and the significance of criteria. The performance sensitivity analysis
visualizes the priorities of the eight alternatives concerning five criteria. The results reveal a high degree of
model stability (SuJeong and Alvaro Ramirez-Gémez, 2017). Pantai Timor scores the most flexible candidate
under changes of criteria weights and represents the top-ranked for all eight alternatives (potential locations).
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Figure 5: Performance sensitivity with 20 % changes

This analysis provides insight into the most critical criteria in selecting potential new biorefinery for bioalcohol
from biomass production in Johor. The development of environmentally friendly and economically viable
commercial-scale biorefinery is mainly associated with numerous technical, strategic, and sustainable
challenges (Martinkus et al., 2019). Figure 6 visualizes the final result; Pantai Timor is the optimal biofuel location
for a supply chain for this study.

8 optimal suppliers

1 biorefinery for biofuel production b
1 demand

Legend
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Figure 6: The optimal biorefinery location, Pantai Timor

4. Conclusions

This paper presents an operative AHP and sensitivity analysis approach that identifies the optimal biorefinery
location for a case study in Johor, Southern Malaysia. First, the study decides the evaluation main criteria and
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sub-criteria; eight biorefinery as alternatives candidates are categorized into five criteria: feedstock, distance,
social measures, cost, and emissions. The AHP optimization was performed to allocate the optimal biorefinery
locations with the minimum total cost with lower environmental impacts. Sensitivity analysis with continuous
criteria weight changes at 20 % is finally conducted to simulate the ‘What-If’ simulation exercise to predict the
outcome of a decision given a specific range of variables and conclude the robustness of the AHP optimization
results.

In the AHP model, ‘Cost’ and ‘Distance’ are the two top-ranking critical criteria for the performance assessment
of biorefinery localization. The analysis of results concludes that the optimal biorefinery location has satisfied
most of the criteria related to a sustainable bioeconomy. The proposed biorefinery location has the shortest
distance from supply to demand, representing the lowest logistic cost. The lowest environmental impacts and
the least cost are two primary criteria for determining a sustainable biorefinery location. Near to the town is the
direct benefit to provide productive employment for residents. Therefore, the AHP and sensitivity analysis
ascertain that this systematic methodology could be used for decision-making in biorefinery location
assessment.

Acknowledgments

The most profound gratitude goes to Universiti Teknikal Malaysia Melaka (UTeM) for providing the funding for
the work with grant number PJP/2019/FKM-CARE/CRG/S01708.

References

Hrabec, D., Somplak, R., Nevrly, V., Janostak, F., Rosecky, M., Kudela, J., 2017, Robust facility location problem
for bio-waste transportation, Chemical Engineering Transactions, 61, 1093—1098.

llbahar, E., Kahraman, C., Cebi, S., 2021, Location selection for waste-to-energy plants by using fuzzy linear
programming, Energy, 234, 121189.

Jong, S. de, Hoefnagels, R., Wetterlund, E., Pettersson, K., Faaij, A., Junginger, M., 2017, Cost optimization of
biofuel production — The impact of scale, integration, transport and supply chain configurations, Applied
Energy, 195, 1055-1070.

Kheybari, S., Kazemi, M., Rezaei, J., 2019, Bioethanol facility location selection using best-worst method,
Applied Energy, 242, 612—623.

Loh, S.K., 2017, The potential of the Malaysian oil palm biomass as a renewable energy source, Energy
Conversion and Management, 141, 285-298.

Mansor, M.R., Sapuan, S.M., Zainudin, E.S., Nuraini, A.A., Hambali, A., 2013, Hybrid natural and glass fibers
reinforced polymer composites material selection using Analytical Hierarchy Process for automotive brake
lever design, Materials and Design, 51, 484-492.

Martinkus, N., Latta, G., Rijkhoff, S.A.M., Mueller, D., Hoard, S., Sasatani, D., Pierobon, F., Wolcott, M., 2019,
A multi-criteria decision support tool for biorefinery siting: Using economic, environmental, and social metrics
for a refined siting analysis, Biomass and Bioenergy, 128, 105330.

Mohd Idris, M.N., Hashim, H., Razak, N.H., 2018, Spatial optimisation of oil palm biomass co-firing for emissions
reduction in coal-fired power plant, Journal of Cleaner Production, 172, 3428-3447.

Permata, E.G., Ismu, K., Petir, P., Rosanda, N., Asrol, M., 2018, Supply Chain Performance Analysis of Oil
Palm Biomass for Community Electricity In Indonesia., International Journal of Advanced Research, 6, 243—
256.

Razak, N.H., Hashim, H., Yunus, N.A., Klemes, J.J., 2021, Integrated GIS-AHP optimization for bioethanol from
oil palm biomass supply chain network design, Chemical Engineering Transactions, 83, 571-576.

Saaty, T.L., 2008, Decision making with the analytic hierarchy process, International Journal of Services
Sciences, 1, 83-98.

Saaty, T.L., 2003, Decision-making with the AHP: Why is the principal eigenvector necessary, European Journal
of Operational Research, 145, 85-91.

Saaty, T.L., Ergu, D., 2015, When is a decision-making method trustworthy? Criteria for evaluating multi-criteria
decision-making methods, International Journal of Information Technology and Decision Making, 14, 1171—
1187.

Sahoo, S., Dhar, A., Kar, A., Chakraborty, D., 2016, Index-based groundwater vulnerability mapping using
quantitative parameters, Environmental Earth Sciences, 17, 1203-1217.

SuJeong, J., Alvaro Ramirez-Gémez, 2017, Renewable energy management to identify suitable biomass facility
location with GIS-based assessment for sustainable environment, Energy Procedia, 136, 139-144.

Wu, Y., Zhang, B., Xu, C., Li, L., 2018, Site selection decision framework using Fuzzy ANP-VIKOR for large
commercial rooftop PV system based on sustainability perspective, Sustainable Cities and Society, 40, 454—
470.





