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o { Product (GDP) was contributed by
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sector [1], with a growth of 6.8% [2]
Figure 2. Efficient use of finite resources through circular economy. in 2020
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1. Introduction
- \ - \ The process for added-value production
Agricultural C Resid from biomass is based on the sugar platform
Waste rop Residues
Agroindustrial X J L ) *
Waste ( ) ( )
Industrial Processin
Waste Waste © LIGNOCELLULOSIC BIOMASS
. / . / Cellulose and hemicellulose present in biomass are the
fractions used to produce fermentable sugars
(i.e., C5 and C6).
The sectors related to agroindustrial waste products are growing. Acid hydrolysis and saccharification are the most widely
Therefore, there is an increase in publications showing the enormous used methods [3].
potential to enter the market with new product alternatives. *

Agroindustrial waste of interest in the Colombian
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PLA Production
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‘ Industrial Linkage ‘
Detailed | Process Flow Dlagram Detailed Economic
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T [

Detailed economic assessment is a tool used for making investment decisions
in the conceptual design stage: CapEx and OpEx
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A product of great scientific and industrial
reception is polylactic acid (PLA) [5]
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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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- e /
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| . . \ |
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I ‘Block Flow Diagram (BFD) Process Flow Diagram (PFD) !/ Detailed Economic Assessment | I
! — —— ] ) _ 1,— Motor |
| Tlustrate a complete complex Process topology, all main process flow \ Fluids, Equipment, / |
| composed of multiple units strem (conditions, utilities, basic \\ Instrumentation, Lines /" |
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In the case of PLA production, the process

3. Methodology
simulation was considered glucose platform from

Conceptual design: aspects for economic analysis SCB, CCS, and PP

* Databases (NREL, NIST)

@ Technical E° Kinetic models i

e Mass balances

Energetic i- Energy balances ] ENERGY
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3. Methodology

Glusose : Lactid acid : Polylactic Acid

23-26 JUNE . Polipropiena Poetieno

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

el p T Pt T i el
I . . . - I .
Lactic acid production ! Pretreatment \ | Fermentation | !  Filtration 1| Distillation ! 1 Extraction : — el .
S B . L : . NRTL |
Oligomerization Ring-opening polymerization
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1
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1 "
! ! X olymerization
88 wt% | ﬁ :: ﬁ X ﬁ o _Fi _\_l ________ . Thermodynamic
1
A A Agueous : Prepolymer :: Lactide I : Polymerization : Model
PonIactlc acid (PLA) Polymer-grade POIYN —+ ) :—> Purification [ Y — Devolatilization »  Pelletization L
Lactic Acid : production } production | : Stages | ]
| P . 1 . |
1 1 1 Distillation 1 Extrusion
““““““““ D Melt crystallization — ~ ~~ ~~ """ 7777 -! Crystallization POIYNRTL :
Lactide formation ) Drying ~  TITITITmimimimimimimT
actide formatio Condensation of aqueous LA
produces LMW PLA prepolymer [7]. ﬂ

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

Approach to Detailed Conceptual Design
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3 " MEthOdOlogy Production scale: 5.4 Ton/day.

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

Consumption Costs (KUSD)
e Units CCS SCB PP
Iyp CCS[13] SCB[12] PP [14] [13] [12] [14]
Reactants
Raw material MT/yr 27749 109749 112712 495 1975 2029
Sulfuric acid MT/yr 4039 3042 2244 380 284 211
Enzyme MT/yr 1935 1094 1421 426 241 313
Utilities
Water MT/yr 256497 212279 238721 256 212 235
LP Steam MT/yr 14782 22704 22516 1 2 2
Energy kW-hivyr 21705 43231 39135 2 3 3
Operating labor
Operation - - - - 34 34 34
Maintenance - - - - 10 10 10
Sugar Yield o/Ton RM 4507 114 111 - - -
Utility costs (KUSD/yr) 393 351 377
Operational Expenses Annual OpEx (KUSD/yr) 1609 2764 2840
Summary per Platform [ Capacity MTfr) 2000 ___ 2000 __ 2000 !
L Capadity () 2000 2000 2000 I
Production cost (USD/MT) 504 1382 1420
Notes:

CCS: Coffee cut stem; SCB: Sugarcane bagasse; PP: Plantain, RM: Raw material
“Hours of operation: 8766 har
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4. Results

Table 2. Mass and energy balances of the PLA production process

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 1[39,60 D 44,96 1,18 39,98 2,94 7,45 4,09 3,09

Mass Flow,kg/min | 004 | - | 450 - 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
— e —
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Figure 3. Percentage distribution of the CapEx by cost category for Figure 4. Performance Process flow diagram of the PLA
the PLA production production process.
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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.
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