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INTRODUCTION
• Uruguay has a high energetic dependence on imported fossil fuels, being particularly intense in the transport sector.
• A high level of sustainable substitution of gasoline by bioethanol requires the study of alternative materials and technological strategies for its production.
• Switchgrass (Panicum virgatum L.) is a promising feedstock for ethanol production in Uruguay because it has high agronomical yield, high efficiency in the use of water
and nutrients, and the productions has low cost.
• Sustainability of ethanol production involves economical, environmental and social aspects, that need to be evaluated to the possible operating conditions existing in
the selected location.

OBJECTIVES AND ACTIVITIES
• The production of ethanol and co-products from switchgrass on a facility located in Uruguay, was studied to assess its sustainability.
• Metrics through life cycle assessment (LCA) and techno-economic analysis (TEA) were used to evaluate economic and environmental sustainability.

RESULTS

METHODOLOGY
Modelling
• The model developed by the National Renewable Energy Laboratory using AspenPlus® for
corn stover to bioethanol was modified with experimental and public data.
• Plant capacity was 250 dry t/day of switchgrass
• Switchgrass composition was obtained experimentally for a Uruguayan experimental crop.
• Liquid hot water (LHW) pretreatment was chosen.
• Pretreatment yields were modeled after experimental results from Garlock et al(3) .
• Sensitivity studies were done to assess the effect of: Plant size, hemicellulose use,
hydrolysis and fermentation efficiency, hydrolysis and fermentation time, enzyme dosage,
use of surfactants, use of nutrients, switchgrass composition and solids content .
• Lignin is burned (in the boiler) to generate steam and electricity for the process. Surplus
electricity is sold as a co-product.

Feed
handling
Switchgrass

Enzyme
production

Seed train
(inoculum
production)

Pretreatment
and
hydrolysis

Fermentation

The minimum ethanol selling price (MESP) obtained varied between 0.7 and 1.1 $/L,
depending on the different production configurations and efficiencies considered. This price
range was already reported for advanced alcohol biofuels by IRENA 2016, and could compete
with fossil fuels if oil prices rise to 100 $/barrel.
Compared with results obtained by
Humbird et al. (2011), this process
showed a greater contribution of
capital recovery charge on the overall
process (61% of the costs vs 42%)(Fig
3). This is explained by the lower
variable costs of the LHW process,
including minor labor wages for the
selected location, and plant capacity
differences (economy of scale).
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Figure 3.: Cost contribution details from each process area (per liter of ethanol)
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In the biorefinery scenario, the hemicellulose fraction is used to obtain higher value products
(furfural, acetic and formic acid) The MESP (0.85 $/L) obtained in this case was lower than for
ethanol production only (See Fig. 4). Glucan and xylan content greatly affect MESP, while
changes on lignin content do not have a significant effect.
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Figure 1.: Flow diagram for the ethanol production process.

Techno-economic analysis
• Total capital investment variable and fixed operating costs were determined.
• A discounted cash flow analysis was used to determine the minimum selling price required to
obtain a zero net present value with a finite internal rate of return of 10% .
Life cycle inventory (LCI)
• LCI was used to investigate greenhouse gas (GHG) emissions.
• Functional unit applied is 1 MJ of bioethanol production, over a 20 year biorefinery lifetime.
• Inputs across the life cycle of the fuel include production, collection and transportation of the
feedstock; the bioconversion steps pretreatment and conditioning of feedstock, enzymatic
hydrolysis, fermentation, and ethanol recovery (see Fig. 2).
• LCI was performed for the ethanol + electricity scenario (xylose is converted to ethanol).
• Effects of land use change were not included.
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Figure 4.: Minimum ethanol selling price (MESP) for
different hemicellulose uses.

Figure 6.: Minimum ethanol selling price (MESP) as a
function of initial solids content and hydrolysis efficiency.

Figure 5.: Minimum ethanol selling price (MESP) and MESP percentage variations for
different feedstock compositions.

Hydrolysis and fermentation efficiency and solid
content, have a high impact on MESP, they affect
ethanol concentration and consequently the energy
consumed and the equipment size for the recovery
steps. Fig. 6 shows MESP variations with solids
content and hydrolysis efficiency.
Solids content can affect both hydrolysis and
fermentation efficiencies. Therefore it is important
to have experimental data that relates hydrolysis
and fermentation efficiencies with solids content.
Table 1. :GHG emissions of life cycle components

Table 1 shows GHG emissions for
12.5 and 25% solid content. GHG
values for both scenarios are lower
than 23 gCO2eq/L reported for
switchgrass, due to low soil nutrient
requirements in Uruguay, low
chemical
requirement
for
pretreatment and credits from
electricity.
Higher solids loading content could
lead to a CO2 emissions credit.
Figure 2.: System boundaries for the LCA.

Life Cycle Components

GHG emissions g CO2/MJ ethanol
12.5% solids

Feedstock production and transport
0.27
Harvest
0.67
Nutrient addition
0.02
Total soil N2O emission
0.98
Transport
Fuel conversion
4.11
Chemicals and nutrients
Electricity (Process)
Electricity (Co-product)
Fuel transport & distribution
Total

N/A
-5.05
1.03
2,11

25% solids
0.27
0.67
0.02
0.98
4.11
N/A
-10,88
1.03
-3,72

CONCLUSION
• The minimum selling price for a small scale facility located in Uruguay was comparable to those obtained in other studies for larger scale and different locations and could compete with fossil fuels if
oil prices rise to 100 $/barrel.
• From an environmental point of view, results show a considerable reduction on greenhouse gas (GHG) emissions in comparison with fossil fuels, and were lower than those reported by other authors
for ethanol from switchgrass due to low soil nutrient requirements for Uruguayan conditions, low chemicals requirement for the liquid hot water pretreatment and credits from electricity.
• Sustainable production of ethanol from switchgrass depends on lower production costs or higher oil prices, as environmental sustainability factors are favorable.

