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Introduction
The Planetary Boundary (PB) concept was introduced in 2009 and updated in 

2015 to define the environmental limits where humanity can operate safely [1]. 

These limits were established through 9 representative control variables that 

are measured on a global scale. Currently, six of PB have been transgressed, 

[2].

New proposals to the production model should be evaluated in terms of the 

impact to the PB, as makes possible to identify on a planetary scale what 

environmental impact would be, this research focuses on the evaluation of corn 

stover-based biorefineries in environmental terms using the PB-LCA 

methodology.

Methodology

Results

The process that maximized 

NPV was the production of 

xylitol using acid hydrolysis as 

pretreatment. climate change, as 

well as biochemical flows are 

the most impacted PB. The 

differences that the choice of an 

allocation criteria can cause in 

the analysis are demonstrated. 

Likewise, has demonstrated that 

the use of conservation crop 

practices generate positive 

impacts in the reduction of the 

environmental impact of 

agroindustrial activities and 

subsequent valorization

Sizing: Aspen Process Economic

analyzer.

Opex: Raw material costs, supplies, 

and utilities.

Net Present Value: Tax rate 35%, 

Project lifetime 20 year.

ECONOMIC 

METRICS
SAFE OPERATING SPACE 

CRITERIA

● 0,130
∆ 2,773
☐ 5,176

●0,138
∆ 2,947
☐ 5,500

●0,141
∆ 3,002
☐ 5,603

● 0,149
∆ 3,184
☐ 5,943

SC2

SC3

SC4

SC5

climate change 
[W/m2]

● 0,139
∆ 2,959
☐ 5,523

● 0,147
∆ 3,143
☐ 5,866

● 0,150
∆ 3,202
☐ 5,976

● 0,159
∆ 3,394
☐ 6,336

SC2

SC3

SC4

SC5

climate change
[ppm]

● 1,95E-5
∆ 4,17E-4
☐ 7,79E-4

● 1,95E-5
∆ 4,17E-4
☐ 7,79E-4

● 1,95E-5
∆ 4,17E-4
☐ 7,79E-4

● 1,95E-5
∆ 4,17E-4
☐ 7,79E-4

SC2

SC3

SC4

SC5

Stratospheric ozone 
depletion

● 0,044
∆ 0,944
☐ 1,761

● 0,047
∆ 1,002
☐ 1,870

● 0,048
∆ 1,021
☐ 1,905

● 0,051
∆ 1,082
☐ 2,020

SC2

SC3

SC4

SC5

Ocean acidification

● 0,046
∆ 0,987
☐ 1,843

● 0,049
∆ 1,042
☐ 1,945

● 0,050
∆ 1,060
☐ 1,978

● 0,059
∆ 1,255
☐ 2,342

SC2

SC3

SC4

SC5

Biochemical flows
N

● 7,93E-6
∆ 1,69E-4
☐ 3,16E-4

● 7,93E-6
∆ 1,69E-4
☐ 3,16E-4

● 7,93E-6
∆ 1,69E-4
☐ 3,16E-4

● 7,93E-6
∆ 1,69E-4
☐ 3,16E-4

SC2

SC3

SC4

SC5

Land-system
change

● 0,044
∆  0,940
☐ 1,755

● 0,044
∆  0,940
☐ 1,755

● 0,044
∆  0,940
☐ 1,755

● 0,044
∆  0,940
☐ 1,755

SC2

SC3

SC4

SC5

Biochemical flows
P

● 0,011
∆ 0,236
☐ 0,441

● 0,011
∆ 0,236
☐ 0,441

● 0,011
∆ 0,236
☐ 0,441

● 0,011
∆ 0,236
☐ 0,441

SC2

SC3

SC4

SC5

Freswater use

SOS Allocation criteria: ● Per capita; ∆ Per capita and 
GDP; ☐ GDP

Figure 1: Planetary Boundaries Transgression Level for the year 2023 according to Richardson et al [2].

Figure 2: Metodologia PB-LCA analisis.

Conclusions
The use of the PB-LCA methodology, shows the need to reduce the 

subjectivity of the results obtained through SOS assignment 

techniques, that combine both criteria that consider the populations, 

as well as economic indicators to identify the activities that 

generate more wealth, and are therefore more susceptible to 

generate a positive impact on the quality of life of the people 

involved. 
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Figure 3: TL for A: Current impact of the corn crop, B: including the valorization stage 

(SC2), using 1: allocation per capita, 2: allocation with GDP, 3: allocation combining criteria. Figure 4: TL variation for each scenario.
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S.c2: 

70% Mulching; 

30% Biorefinery

S.c3: 

50% Mulching; 

50% biorefinery

S.c4: 

30% Mulching; 

70% Biorefinery

S.c5: 

100% Biorefinery
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The impact of different corn stover 

use in PB was analyzed under two 

approaches: (i) Mulching techniques 

and; (ii) Biorefinery to obtain value-

added products. A superstructure was 

formulated. The superstructure was 

optimized in economics terms (NPV). 

PB-LCA methodology was used, 

according to the methodology 

reported by Ryberg et al [3] 

This research work was funded within the framework of the research project “Aprovechamiento y

valorización sostenible de residuos sólidos orgánicos y su posible aplicación en biorrefinerías y

tecnologías de residuos a energía en el departamento de Sucre” code BPIN 2020000100189

Solarte-Toro, J.C thanks to the research project titled “Transición energética en zonas no

interconectadas: Análisis de sostenibilidad de diferentes rutas para producción de energía a partir

de fuentes no convencionales” with code 100250 and HERMES code 59074 funded by the

Ministerio de Ciencia, Tecnología e Innovación (Minciencias) through the contract 112721-431-

2023 in the frame of the call 934 “Convocatoria de estancias posdoctorales orientadas por

misiones”.

[3] M. W. Ryberg et al., Science of The Total 

Environment, vol. 634, pp. 1406–1416, Sep. 

2018

A1 A2 A3

B1 B2 B3


	Diapositiva 1

