
A sustainable transition of the energy 
system towards an increasing share of 

bioenergy 
– Localisation and industrial change

Jonas Zetterholm LTU/Energy Science
Jonas.zetterholm@ltu.se

Presenter
Presentation Notes
3 phd students, founded by the Swedish energy agency, FoES



Project background

• Biorefineries
– Feedstock availability
– Industrial infrastructure

• Optimal use of limited resource
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Transition from oil to bio / bio+elSwedish case of large ammount of biomassIndustrial know how and possiblility for integration and utilise current infrastructureHow can we utilise our current industrial infrastructure to facilitate a transition towards bio-based economyWhich also can create future growth in the traditional forest based industries-which cound, and cound not, be an interesting pathway for future growthBiomass is limited so there is a need to study how to most efficiently use it for-mitigate greenhous gases-economic development



Project background

• Biomass utilisation

• Efficient technologies
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If we are to reach a bio-economy, or to increase the importance of biomass Fuel or other value-added chemicalsWhich technologies (current, pilot and future) are of importance to have economic conversion



Project background

• Localisation and important actors
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Which are the important industries which have the opportunity to have a key role in the transformation of the energy system?-economic conversion	waste heat	utilisaiton of by-products	utilise current biomass infrastructure for biomass handeling



Fossil-free road transport
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A big focus initally in theis phd-project is on biofuels for the road transport sector-Swedish target for a fossil free road transport sectorFive ways of reducing emissions:- City planning (less transportation needed)- Infrastructural measures and changes in modes of transport- More efficient vehicles and more energy-efficient driving strategies- Electric powered road vehicles- BiofuelsAll five needed in order to reach almost fossil-fuel independency15-20 TWh biofuels, of which about half must be advanced next-generation biofuels



Large-scale biofuel plants where…?
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Geographically constrained and other useBiofuels must be cost competitive against fossil based alternativesA number of aspects need be considered - substantial infrastructure planning will be neededVery large production plant capacities - favourable economy-of-scale effects.The next-generation production facilities are envisioned that would call for around 4000-6000 tons per day or more of raw material.To enable biofuel production in such large facilities and to provide for associated distribution requirements, substantial infrastructure planning will be needed. 



Supply Use Biofuel demand Industries
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Investigate opportunities for next-generation biofuel production integrated in forest industryTarget of 10 TWh advanced biofuelsFocus on parameters that affect - optimal localisations, - choice of technologies and biofuels, and costsBottom-up studies of integrated biofuel production in higher level system modelIncluding detailed, site-specific information on potential locations for the integrated production of next-generation biofuels
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Example of model outputLocalisation of biorefineries at different host industries which consider the geographical aspects as well as the specific charactersitics of the industrial site.



Co-gasification of BL and PL
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As a specific example on what I do is a current study where I investigate a specific biofuel production technology.Knowledge about BL gasificaiton?BLG resource efficient pathway for production of biofuelTies in with industrial redefenition (falling profitability)Influences the recovery boiler which is the heart of chemical recovery inside the millBL is parrt from the pulping process Contains 50% of the energy content in the pulpwoodPerforming study on co-gasificaiton of BL and PLCo-gasification is a way to increase feedstock for the BFP and increase economy of scaleMore efficeient way to use the pulp indsutrsies to produce biofuels?	lower cost for specific produciton (risks for investment)	Start with a brief explenation of the concept:Norml pulp mill operationBL is used in RBRecycle chemicals back to the mill and produces steam and electricity



Co-gasification of BL and PL
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However, we could replace the RB with a gasificaiton unit for biofuel procuctionThe BFP must recycle back the chemicals to the millBenefits from steam surplus from the process to be integrated with mill-> energy efficiency for the entire process becomes higherSsome additional biomass needs to be imported to the mill to a bark boiler to satissfy steam demand.



Co-gasification of BL and PL
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• Catalytic effect
• Low transport cost 

– (for specific mill)
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BLG is a beneficial rout for biofuel production since there is a high alkali content in the BL which gives a catalytic effect during gasification, -(gasificaiton becomes more effcient is more efficient thant just biomass gasification)Also: since we utilise BL at the site, the extra transport of biomass is only for the biomass needed to cover steam demand at the mill (which is lower than trying to produce the same amount of biofuel from gasification of biomass only)Limited by the BL availabilityWhich limits the total size for the specific plant. Looking at the gasificaiton process there is actually more alkali content in the BL to reach this catalytic effect during conversionSo, if we blend in another feedstock, we could have that feedstock to ”piggy-back” on the catalytic effect from the BLThey have tested this in the lab and in the Piteå pilot plant, and it has been shown that it is possible to have a 50-50 blend ratio (on mass basis) with pyrolysis liquids and BL and still having the catalytic effect during conversion.



Co-gasification of BL and PL
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PL is produced from fast pyrolysis, and it becomes a heavy liquidOn an energy basis this gives a more than 3 times larger biofuel producitonAdditionally – this gives an even higher steam surplus from the BFP(all circles should be scaled to each other, on an energy basis)Economy of scaleLower overall efficiency, since we introduce another step when producing PL
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Co-gasification of BL and PL

• Economy of scale
• Beneficial for small mills
• Using catalytic effect

• Not considered:
– Full supply chain
– Localisation of PL production
– Economy of scale benefits 

from national perspective

Mill
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Economy of scale.Beneficial for small mills,High utilisation of the catalytic effect available in the BL.Where should this big portion of feedstock be produced



Supply chain configurations
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Including co-gasification enables new supply chain configurationsLinear supply chainBLG-transport biomass to siteIntegrate PL produciton at siteOrHub ’n spokes approach with intermediate upgrading off site and the PL is transported to the siteTransport cost: longer transport distances with bulky biomass (expensive)More transportation steps (fixed costs associated with transport)BLGLow specific usage of biomass	extra biomass neededn for the produciton is only for steam generationEach facility will have low transport cost for biomass	however, more facilities, will the total cost still be lower?More facilities are needed to be converted in order to satisfy biofuel demandBL/PL-G -integratedIncreased economy of scaleFewer transport steps, but maybe longer transport distance for bulky biomassLinear supply chainBL/PL-decentralisedIncreased economy of scaleIntermediate upgrading for densification of feedstock, Hub 'n-spokes approachUsing BeWhere we can examine these supply chain configurations using the specific location of integration opportunities in Sweden. We get a good representation for the supply chain when we have the different industrial sites location in relation to eahotherBalance between transport steps and transport distance



Expected outcome

• Small pulp mills will have BL/PL-G
• Mix of BLG and BL/PL-G most beneficial
• PL-production integrated at pulpmill



Future

• Risk associated cost
• Additional cost for integration with certain 

process
• Dynamic price for biomass
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