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Figure 1. Oil-based economy.
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Figure 2. Efficient use of finite resources through circular economy.
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In Colombia, 2.8% of Gross Domestic 
Product (GDP) was contributed by 
the agricultural and agroindustrial 

sector [1], with a growth of 6.8% [2] 
in 2020
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The sectors related to agroindustrial waste products are growing. 
Therefore, there is an increase in publications showing the enormous 

potential to enter the market with new product alternatives.
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1. Introduction
The process for added-value production 

from biomass is based on the sugar platform

Cellulose and hemicellulose present in biomass are the 
fractions used to produce fermentable sugars 

(i.e., C5 and C6). 
Acid hydrolysis and saccharification are the most widely 

used methods [3]. 

Sugarcane Bagasse (SCB)
Coffee Cut Stem (CCS)

Plantain Peel (PP)
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Detailed economic assessment is a tool used for making investment decisions 
in the conceptual design stage: CapEx and OpEx

Conceptual 
Design

A product of great scientific and industrial 
reception is polylactic acid (PLA) [5]

PLA Production

Detailed 
Conceptual 

Design



2. Research objective
This work focuses on the detailed economic evaluation of PLA production 

considering glucose platform obtained from SCB, CCS and PP
The detailed economic assessment methodology was defined integrating 

basic conceptual design and detailed conceptual design
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• Databases (NREL, NIST)
• Kinetic models
• Mass balances
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• Energy balances

• CAPEX
• OPEX
• DCF
• NPV
• Payback 
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Tools

Conceptual design: aspects for economic analysis
In the case of PLA production, the process 

simulation was considered glucose platform from 
SCB, CCS, and PP
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Glusose :  Lactid acid  :  Polylactic Acid

Lactic acid production Pretreatment Fermentation Filtration Distillation Extraction

Aqueous 
Polymer-grade 

Lactic Acid 

Prepolymer 
production

Lactide 
production

Waste and recycle

Biopolymer pellets

Purification
Polymerization 

Stages Devolatilization Pelletization

Recycle

Distillation
Melt crystallization 

Extrusion
Crystallization

Drying 

Recycle Recycle

- Indirect route via a lactide intermediate : NatureWorks LLC and Corbion*.
- Including distillation and melt crystallization**
- Including crystallization and drying***

Oligomerization

88 wt% 

Lactide formation

Lactide
polymerization

Polylactic acid (PLA)

Thermodynamic 
Model

PolyNRTL

Lactobacillus cassei.
Kinetic model proposed by Lin et al. [6].

Ring-opening polymerization 
(ROP)

Condensation of aqueous LA 
produces LMW PLA prepolymer [7].

NRTL
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Block Flow Diagram

(BFD)

Basis of Design
Standards

Codes
Regulations

Process Flow Diagram
(PFD)

Approach to Detailed Conceptual Design

Fluids

Main interconnection 
piping between 

the various equipment 
in the process

Basic Conceptual Design

Detailed Conceptual Design
(Basic Plant Configuration)

Pipe and Instrument Diagram 
(P&ID)

First Issue

Utilities Equipments Instruments Pipelines

Feedstocks
By-product

Products
Catalyst

Vent/Drains

Steam
Nitrogen

Water

Reactors
Compressors

Pumps
Columns
Vessels
Filters

Main instruments 
by equipment 
and variable 

• Process topology (interaction between equipment item and flow streams)
• All major pieces of equipments with specific symbols.
• All main process flow stream
• Process conditions (Flow, Composition, Temperature, Pressure, Vapor fraction)
• Utility stream 
• Basic cantol loops

• Series of rectangular blocks representing equipment or unit operations
• Illustrate a complete complex composed of multiple units. 

Calculations and 
Simulations

• Process description
• Battery limit conditions
• Main physical and chemical properties of materials.
• Process conditions
• Applicable codes, standard, and regulations. 

• Preliminar approach to consider the influence of this stage on the conceptual design
• Most key design, operation and maintenance document.
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Fluids

Main interconnection 
piping between 

the various equipment 
in the process

Utilities Equipments Instruments Pipelines

Feedstocks
By-product

Products
Catalyst

Vent/Drains

Steam
Nitrogen

Water

Reactors
Compressors

Pumps
Columns
Vessels
Filters

Main instruments 
by equipment 
and variable 

Area Classification

Instrumentation

Foundations, Dikes. Instruments, DCS/PLC/

CAPEX ESTIMATION

Fluid List Equipment List Instrument List Line List

Civil Electrical

MCC (Motor control center)

Piping
Number of lines, diameters, 

length, etc.

Preliminar Detailed Economic Assessment (Key Aspects)

Mechanical

Equipment, platform, etc. 

F&G

Preliminar
Quantification

Technical safety.

Research group in Chemical, Catalytic and Biotechnological Processes 10



3. Methodology

11Research group in Chemical, Catalytic and Biotechnological Processes

Table 1. Operational costs for PLA production of 2000 MT/yr from different platform: CCS, SCB, PP.

Production scale: 5.4 Ton/day.



4. Results
Process Flow Diagram 

(PFD)
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4. Results
Components (wt%) 1 2 4 7 9 13 17 19 20
Water 100 88,38 65 68,87 99,62 4,15 100 100
Glucose 100 0,03 2,04
Lactic Acid 9,91 0,38
Biomass 1,68
Lime 35 31,13
Dodecanol 93,81 Trazes
Load, MT/batch 0,40 39,60 44,96 1,18 39,98 2,94 7,45 4,09 3,09
Mass Flow, kg/min 0,04 - 4,50 - 4,00 - 0,74 0,41 0,31
Pressure, barg 2 0 1 0 1 0 3 3 2,5
Temperature, °C 30 30 42 30 50 100 180 80 80
Components (wt%) 22 23 24 25 26 29 31 32 34
Water 99,98 88 99,94 1,98 13,58 100 92,35
Lactic Acid 0,02 12 0,06 9,56 0,49 100 6,65
Catalyst 2,34 1
PLA, LMW 88,46 67,46
Lactide 16,13
PLA, HMW 0,82 100
Load, MT/batch 0,32 0,62 0,35 1,14 2,44 0,08 0,06 7,10 0,78
Mass Flow, kg/min 0,03 0,06 0,04 0,11 0,24 0,01 0,01 0,71 0,08
Pressure, barg 1 1 0,55 1 0,5 0,5 1 1,5 3
Temperature, °C 100 125 100 170 200 100 100 100 120
MW, gr/mol 1048,3 192821 192821
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Table 2. Mass and energy balances of the PLA production process
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Figure 4.  Performance Process flow diagram of the PLA 
production process.
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Figure 3. Percentage distribution of the CapEx by cost category for 
the PLA production 
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Figure 6. Economic assessment of PLA production from CCS.             

NPV over project lifetime at various gross incomes. 15
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Figure 5.  Performance Process flow diagram of the PLA 
production process.

Polylactic Acid
• Sales Price: $ 1480 – 1880 USD/MT



5. Conclusion

Despite the raw material, the gross income must be higher than USD 1000-
1500/MT of PLA to have a payback period lower than 10 years. In this way, the 

best raw material to reach the process economic feasibility was CCS.

Raw material characteristics such as low moisture content, high availability, and 
easy transportation are necessary to implement the PLA production process in the 

Colombian context. Nevertheless, efforts addressed to improve these aspects for 
the CCS are required.  

The inclusion of industrial aspects into the economic assessment of conceptual 
designed biomass upgrading processes improve the quality of the CapEx and OpEx

estimations giving more reliable results. 

Research group in Chemical, Catalytic and Biotechnological Processes 16



6. Acknowledgments

Scientific Supervision And Support To The Research And 
Development Strategy Of The Esenttia Company

ESENTTIA-CNBT COLCIENCIAS code No 665173454353 B "Business and innovation competencies for economic 
development and productive inclusion of the regions 

affected by the Colombian conflict“
SIGP code 58907. Contract number: FP44842-213-2018

Research group in Chemical, Catalytic and Biotechnological Processes 17



7. References

Research group in Chemical, Catalytic and Biotechnological Processes

[1] DANE-Banco de la Republica, “El PIB colombiano se contrajo 6,8% en 2020 y 3,6% en el cuarto trimestre según el Dane.”
https://www.larepublica.co/economia/siga-aqui-la-publicacion-de-los-resultados-del-dane-del-pib-de-colombia-en-2020-3125471 (accessed
May 07, 2021).

[2] “El sector agropecuario creció 6,8% e impulsó la economía colombiana en el primer trimestre de 2020.”
https://www.minagricultura.gov.co/noticias/Paginas/El-sector-agropecuario-creció-6,8-e-impulsó-la-economía-colombiana-en-el-primer-
trimestre-de-2020-.aspx (accessed May 07, 2021).

[3] M. Kumar and K. Gayen, “Developments in biobutanol production: New insights,” Appl. Energy, vol. 88, no. 6, pp. 1999–2012, 2011, doi:
10.1016/j.apenergy.2010.12.055.

[4] S. Petrou and A. Gray, “Economic evaluation using decision analytical modelling: Design, conduct, analysis, and reporting,” Res. Methods Report.,
vol. 342, no. 7808, pp. 1–6, May 2011, doi: 10.1136/bmj.d1766.

[5] D. González, V. Santos, and J. C. Parajó, “Manufacture of fibrous reinforcements for biocomposites and hemicellulosic oligomers from bamboo,”
Chem. Eng. J., 2011, doi: 10.1016/j.cej.2010.12.066.

[6] S. Lee and Y. Koo, “Model Development for Lactic Acid Fermentation and Parameter Optimization Using Genetic Algorithm,” Simulation, vol. 14,
pp. 1163–1169, 2004.

[7] S. I. Mussatto, M. Fernandes, I. M. Mancilha, and I. C. Roberto, “Effects of medium supplementation and pH control on lactic acid production from
brewer’s spent grain,” Biochem. Eng. J., vol. 40, no. 3, pp. 437–444, Jul. 2008, doi: 10.1016/J.BEJ.2008.01.013.

[8]    Dimian A., Bilden S. and Kiss A., 2014. Health, Safety and Environment. In: Computer Aided Chemical Engineering. Elsevier Ltd. 35, 649–678..
[9]    Garrett D, 1989. Chemical Engineering Economics. Springer, Netherlands. https://doi.org/10.1007/978-94-011-6544-0. 
[10]  Forrest C. and Lorenzoni A., 1997. Applied Cost Engineering. Marcel Dekker, New York.

18


	Slide Number 1
	Content
	1. Introduction
	Slide Number 4
	1. Introduction
	2. Research objective
	3. Methodology
	3. Methodology
	3. Methodology
	3. Methodology
	3. Methodology
	4. Results
	4. Results
	4. Results
	4. Results
	5. Conclusion
	6. Acknowledgments 
	7. References  

