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Extended Abstract.

Biomass has been proposed as one of the most important alternatives to mitigate the environmental damage caused
by the excessive use of fossil fuels. Thus, different biomass upgrading processes have been proposed to obtain
different value-added products and energy vectors. Moreover, the integral use of the main biomass components is
studied under the biorefinery concept as a way to replace most of the products obtained in a conventional oil
refinery. Thus, these biomass-upgrading processes ought to be evaluated considering technical, economic,
environmental, and social aspects under a sustainability framework. Nevertheless, this comprehensive analysis has
not been performed in most of the cases, which limits to estimate the real impact of the implementation of these
types of processes in developing and developed countries (Palmeros Parada et al., 2017). Indeed, most of the
publications addressed to evaluate the biomass suitability to obtain different products through any process or
technology have been evaluated only considering economic and environmental features leaving aside social
aspects. In this way, this work aims to perform a comprehensive evaluation of an avocado-based biorefinery in the
Colombian context considering economic, environmental, social aspects to elucidate the performance of the
proposed biorefinery as well as identify the way to evaluate a biomass-upgrading process in terms of
interdimensional indicators (e.g., socio-economic, eco-efficiency, and socio-ecology).

The methodology applied to accomplish the objective of this work considered the following stages: (i)
Conceptual design of an avocado-based biorefinery considering marketable products in the Colombian context.
(ii) Simulation of the proposed biorefinery using the Aspen Plus v9.0 simulation tool to obtain the mass and energy
balances of the process. (iii) Economic evaluation of the biorefinery using the Aspen Process Economic Analyzer
(APEA) software to estimate the capital and operational expenditures of the process as well as to evaluate the
economic performance of the process in terms of economic metrics such as net present value, internal rate of
return, and payback period. (iv) A cradle to gate environmental analysis applying the life cycle assessment (LCA)
methodology. (v) A social evaluation of the main implications of the proposed biorefinery considering the
stakeholder, categories, subcategories, and impact indicators stablished by the Product Social Life Cycle
Assessment database developed by GreenDelta.

The first stage (i.e., conceptual design of the biorefinery) was done considering the Montes de Maria region as a
case of study due to the socio-economic detriment suffered due to the Colombian armed conflict in recent years
(Acevedo Navas, 2012). In this way, the proposed biorefinery can be seen as an alternative to evaluate the potential
of the avocado crop in this region as well as serve to identify some entrepreneurship alternatives. The products of
the proposed biorefinery (i.e., avocado seed oil, electricity, guacamole, and biogas). The block diagram of the
proposed biorefinery is presented in Figure 1. The second stage (i.e., simulation of the biorefinery) was done using
the Aspen Plus simulation tool. The NTRL-RK thermodynamic method was selected to calculate the fugacity and
activity coefficients of the components in gas and liquid phase. Moreover, a mass flow rate of raw material (i.e.,
avocado) of 10 tonnes per day was proposed considering the avocado production of the Montes de Maria region.
Finally, the simulation of the proposed biorefinery was complemented using experimental data reported in the
open literature (Solarte-toro et al., 2019). The third and four stages (i.c., ecconomic and environmental evaluations)
were done using the APEA and SimaPro software, respectively. For the third stage, the mass and energy balances
obtained from the second stage were used to perform the sizing of the equipment in the biorefinery. On the other
hand, the cost of the raw materials, reagents, utilities and labor was considered into the economic evaluation. The
straight-line depreciation method was used as well as an operation time of 8000 hours per year. Finally, the tax
rate and interest rate used to perform the economic calculations was 17% and 25%, respectively (Serna-Loaiza et
al., 2018). Regarding to the fourth stage, the environmental analysis was done following the life cycle assessment
methodology. For this, a cradle to gate analysis is considered. The functional unit used to perform the analysis was
1 kg of product. The life cycle inventory as well as the mass and energy balances of the process were used as input
data to perform the environmental life cycle assessment (Garcia et al., 2017). Finally, the fifth stage (i.e., social



analysis) was done considering workers and local community as stakeholder. Then, indicators such as fair salary,
children in employment, living wage, natural withdrawal, and carbo dioxide emissions (Eisfeldt and Ciroth, 2018).
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Figure 1. Block diagram of the propose avocado based biorefinery in the Montes de Maria region, Colombia.

The results are analyzed considering the economic, environmental, and social perspective. The economic
assessment of the biorefinery was unfeasible considering the proposed scale. Nevertheless, a sensitivity analysis
of the processing scale showed that an increase of 125% of the base case improves the feasibility of the process.
In fact, the net profit margin at this condition was 73 million of dollars. On the other hand, the payback period of
the process was estimated in 4 years. Regarding the environmental analysis, the life cycle assessment shows that
the high water consumption of the avocado crop is one of the most important hotspots of the process. Moreover,
the social analysis demonstrated the high difficult of the farmers in the Montes de Maria region. The
interdimensional analysis shows a proportional relation between the environmental and social analysis, meanwhile
the economic analysis has an inverse relation respect to the other two aspects.

Conclusions.

The integral analysis of biorefineries allows elucidating the relation between the three pillars of
sustainability (i.e., economic, environmental and social). In fact, the overall sustainability of a biorefinery should
be accomplished establishing limits between the economic performance, the environmental impact expected and
the social implications of the process. Thus, these limits should be considered in the conceptual design stage of
the process.
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