Techno-economic, Energy and Greenhouse Gas Emissions Analyses of Pennycress
Production and Logistics for Aviation Biofuel
Seyed Hashem Mousavi-Avval1, Ajay Shah1*(shah.971@osu.edu), Erich Grotewold2, and
Ana Paula Alonso3
1

The Ohio State University, Wooster, OH; 2Michigan State University, East Lansing, MI;
3
University of North Texas, Denton, TX
Project Goals: The main objective of this research is to apply a biodesign strategy for
improving oil content in a promising alternative source of jet-fuel, pennycress. To advance
towards this goal, we are: 1) Investigating pennycress natural variation to identify
candidate genes and biomarkers associated with oil accumulation and fatty acid
composition; 2) Identifying targets to improve oil content and composition, and 3)
Establishing metabolic engineering targets and develop community resources.
Alternative biobased feedstocks for the production of renewable jet-fuel (RJF) is gaining
traction in recent years due to the concerns associated with adverse environmental effect of
fossil fuel use in aviation industry and concerns over the energy security1. To be a viable
alternative, RJF should be economically competitive, have lower environmental footprint, and
provide a net energy gain2. In addition, it should be producible in large quantities without
reducing food supplies3. Until now several alternative feedstocks, including canola, camelina,
soybean, carinata, and jatropha, have been considered as potential sources for the production of
RJF1; however, commercial production of RJF from renewable feedstocks is still encumbering
due to competition of feedstocks with food resources, high cost of production, and use of
limited resources and land. Pennycress (Thalaspi arvense) is a winter annual crop with 2536%w/w oil content4-5. It can be planted as cover crop in corn-soybean rotation in Midwestern
US to provide both economic opportunity and ecosystem services. In addition, pennycress oil,
with high content of unsaturated fatty acids, has acceptable quality for conversion to RJF6-7.
The goal of this part of the project is to analyze techno-economics, energy use and
greenhouse gas emissions of pennycress based agronomic and supply systems to establish
targets for pennycress oil metabolic engineering. To accomplish this goal, we evaluated the
technical feasibility by estimating the resources (land, infrastructure, machineries, fuel, labor,
consumables) requirements for the pennycress production (planting, fertilizer and pesticide
applications), harvest and post-harvest logistics (grain handling, transportation, drying and
storage) to provide feedstock for a RJF plant in Ohio with production capacity of 5 million
gallons per year (~19 million liter per year). Then, we estimated the costs, energy use and
greenhouse gas emissions associated with these resources and infrastructure use. We estimated
that annual harvest of 90,000-115,000 metric tons (t) of pennycress seeds from 41,000-63,000
hectares of land is needed to meet the biorefinery pennycress seed demand. Cost for production
and logistics was estimated to be ~200 $/t, which is ~50% less than the cost of camelina
production in Oregon8. The energy use and greenhouse gas emissions during the production and
logistics of pennycress feedstock were ~3,300 MJ/t, and ~400 kgCO2eq/t, respectively. The
cost, energy use and greenhouse gas emissions for pennycress production and logistics were
found to be highly sensitive to the pennycress seed yield, which is currently ranging from

1,200 to 2,500 kg/ha1,5, and oil content. Although achieving these baseline estimates is
promising, further reduction in total production cost, energy requirement and greenhouse gas
emissions would be possible by improving the pennycress seed yield, oil content and level of
unsaturated fatty acids. Improving these characteristics will advance large-scale production of
pennycress as a sustainable feedstock for the development of RJF biorefineries9.
References

1. Fan, J., Shonnard, D. R., Kalnes, T. N., Johnsen, P. B. & Rao, S. A life cycle assessment of pennycress
(Thlaspi arvense L.) -derived jet fuel and diesel. Biomass and Bioenergy 55, 87–100 (2013).
2. Hill, J., Nelson, E., Tilman, D., Polasky, S. & Tiffany, D. Environmental, economic, and energetic costs
and benefits of biodiesel and ethanol biofuels. PNAS 103, 11206–11210 (2006).
3. Farrell, A. E., Plevin, R. J., Turner, B. T., Jones, A. D., O’hare, M. & Kammen, D. M. Ethanol Can
Contribute to Energy and Environmental Goals. Science. 311, 506–508 (2006).
4. Moser, B. R., Knothe, G., Vaughn, S. F. & Isbell, T. A. Production and Evaluation of Biodiesel from Field
Pennycress (Thlaspi arWense L.) Oil. (2009).
5. Carr, P. M. Potential of fanweed and other weeds as novel industrial oilseed crops. p. 384-388. In: J. Janick
and J.E. Simon (eds.), New crops. Wiley, New York. (1993).
6. Phippen, W. B. & Phippen, M. E. Soybean Seed Yield and Quality as a Response to Field Pennycress
Residue. Crop Sci. 52, 2767 (2012).
7. Dose, H. L., Eberle, C. A., Forcella, F. & Gesch, R. W. Early planting dates maximize winter annual field
pennycress (Thlaspi arvense L.) yield and oil content. Ind. Crops Prod. 97, 477–483 (2017).
8. Jaeger, W. K. & Siegel, R. Economics of oilseed crops and their biodiesel potential in Oregon’s Willamette
Valley. Spec. Rep. 1081 18–30 (2008).
9. Phippen, W. B. & Phippen, M. E. Seed Oil Characteristics of Wild Field Pennycress (Thlaspi arvense L.)
Populations and USDA Accessions. Poster Present. Adv. Ind. Crop. Annu. Meet. Washington, DC.
Available at: http//www.wiu.edu/pennycress/current-experiments/Pennycress seed-oil 2013.pdf (Date
accessed: 2019-01-12) (2013)

This research was supported by the DOE Office of Science, Office of Biological and
environmental Research (BER), grant no. DE-SC0019233.

