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Overview

Advanced biofuels are a key component of climate mitigation strategies in the transport sector, especially in the
heavy duty segments which are not easily electrified (e.g. aviation, shipping and heavy trucking)™?.
Lignocellulosic biomass is earmarked as an important feedstock for the advanced biofuel sector to reach critical
scale. In a prior study, liquefaction technologies (e.g. pyrolysis and hydrothermal liquefaction) were identified as
economically promising technologies for the production of biofuels from lignocellulosic biomass®. These
technologies produce a liquid intermediate (biocrude), which can consequently be upgraded to advanced biofuels
(gasoline, diesel, jet fuel and heavy fuel oil) through hydroprocessing.

In these conversion pathways, the production of a transportable intermediate allows for a hub-and-spoke supply
chain design which employs multiple decentralized biocrude production units and centralized upgrading (see
Figure 1). Such approach may decrease transportation cost, increase scaling effects, and mitigate supply security
risks**. Hub-and-spoke designs using densified solid biomass as an intermediate have been widely studied, but
has shown mixed potential®. However, the potential benefits of supply chain configurations using a biocrude,
leading to different scaling effects and cost of logistics and storage, are underexplored.
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Figure 1: A visual representation of the hub-and-spoke approach

The objective of this research is therefore to evaluate the potential benefits of the hub-and-spoke concept for the
production of biofuels using liquefaction technologies, with special attention to:

e  The economic merits of a hub-and-spoke approach versus a linear centralized supply chain;
e  The trade-off between standalone production and co-location with sawmills, pulpmills or refineries;

e The marginal impact of biofuel production on the supply of forestry feedstocks for existing forestry
industries.

Methods

The techno-economic performance of the supply chain is optimized by a mixed integer linear programming
(MILP) code written in GAMS using a CPLEX solver. The model optimizes the total system cost based on an
exogenously set demand for biofuel. Model variables include production scale, conversion location and
feedstock type. The analysis makes use of state-of-the-art techno-economic data and scaling curves of
liquefaction technologies®®. The model is evaluated for a Swedish case study. A multi-modal transport network
module (road, train and ship) was developed in ArcGis for biomass, biocrude and biofuel transportation.
This module uses geospatially explicit data on forestry feedstock availability as well as the location of potential
host sites for production and blending in Sweden (e.g. forestry terminals, sawmills, pulpmills, refineries, ports
and LNG terminals)®. Co-location benefits, such as heat integration or use of existing assets (e.g. steam
reformers or feedstock handling infrastructure), were taken into account. Spatially explicit data on feedstock
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price and competing feedstock demand from sawmills, pulpmills and CHPs in Sweden was inserted in the model
to evaluate the marginal impact of biofuel production on feedstock supply for other sectors.

Expected results

The model evaluates three different cases: i) one case in which only linear supply chains are included ii) one case
in which only hub-and-spoke supply chains are allowed, and iii) a hybrid approach in which both linear and hub-
and-spoke supply chain designs are included. Each case will be analyzed with and without integration benefits.
Cost-supply curves are constructed for each case to evaluate the supply chain dynamics and cost structures for
different demand regimes. Changes in feedstock costs for existing forestry industries are tracked for all cases and
demand regimes.

It is hypothesized that linear supply chains will prove more economical under a low demand regime, while hub-
and-spoke systems will allow for cost reductions when demand increases and less suitable locations need to be
utilized. The hub-and-spoke design is expected to be particularly valuable in the Swedish case because the
upgrading locations (situated at LNG terminals, refineries, or locations connected to the natural gas grid) are
confined to the southern part, while the feedstock is predominantly available in the north. Furthermore, it is
anticipated that co-location can provide benefits at particular locations, but might also increase the costs, as some
locations are less attractive due to higher feedstock or logistic costs.

As such, this study tests the merits of a hub-and-spoke system, identifies promising production regions and host
industries, and evaluates the marginal impact of biofuel production on existing industries. These results will aid
to determine the potential of liquefaction technologies in Sweden, working towards a fossil-free transportation
system. Trends, trade-offs, and tipping points identified in this case study will be generalized such that the
results can also apply to other geographical areas or supply chain set-ups.

References
1. Karatzos S, Mcmillan JD and Saddler JN, The Potential and Challenges of Drop-in Biofuels The Potential
and Challenges of Drop-in Biofuels. IEA Bioenergy Task 39 (2014).

2. Auviation Transport Action Group, A sustainable flightpath towards reducing emissions - Position paper
presented at UNFCCC Climate Talks, Doha. (2012).

3. deJong S, Hoefnagels R, Faaij A, Slade R, Mawhood B and Junginger M, The feasibility of short-term
production strategies for renewable jet fuels — a comprehensive techno-economic comparison. Biofpr 9:778—
800 (2015).

4. Kudakasseril Kurian J, Raveendran Nair G, Hussain A and Vijaya Raghavan GS, Feedstocks, logistics and
pre-treatment processes for sustainable lignocellulosic biorefineries: A comprehensive review. Renew Sustain
Energy Rev 25(August 2015):205-219 (2013).

5. Lamers P, Tan E, Searcy E, Scarlata C, Cafferty K and Jacobson J, Strategic supply system design — a
holistic evaluation of operational and production cost for a biorefinery supply chain. Biofuel, Bioprod Bioref
9:648-660 (2015).

6. Tzanetis KF, Posada JA and Ramirez A, Renewable jet fuel from lignocellulosic biomass via liquefaction and
upgrading : techno-economic and greenhouse gas performance Keywords. forthcoming.

7. Zhu Y, Biddy MJ, Jones SB, Elliott DC and Schmidt AJ, Techno-economic analysis of liquid fuel production
from woody biomass via hydrothermal liquefaction (HTL) and upgrading. Appl Energy 129:384— 394 (2014).

8. Arbogast S, Bellman D, Paynter JD and Wykowski J, Advanced bio-fuels from pyrolysis oil: The impact of
economies of scale and use of existing logistic and processing capabilities. Fuel Process Technol Elsevier
B.V. 104(December 2010):121-127 (2012).

9. Pettersson K, Wetterlund E, Athanassiadis D, Lundmark R, Ehn C, Lundgren J et al., Integration of next-
generation biofuel production in the Swedish forest industry — A geographically explicit approach. Appl
Energy Elsevier Ltd 154:317-332 (2015).



	Overview
	Methods
	Expected results
	References

