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p100 % (3) 

where n is the criterion, �ã�à�Ô�ë is the maximal eigenvalue of the comparison matrix, RI 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.  

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 Álvaro Ramírez-Gómez, 2017). Pantai Timor scores the most flexible candidate 
under changes of criteria weights and represents the top-ranked for all eight alternatives (potential locations). 

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. 

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.  
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