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OUTLINE  

º Towards the biorefinery concept  

º First and second generation plants  

· From labs to demos, pilot and commercial plants  

º Systems engineering and the new concept  

· Selection of production paths and feedstocks 

· Integration of paths  

· Scope for savings and integrated flowsheets  

º Future challenges  

· Modelling  and thermodynamics  

· Process engineering and design  

· Bringing together disciplines and social aspects  
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MAJOR  DRIVES  TOWARDS  RENEWABLES  

Environmental drives 

ºOil: 40 years, natural 
gas: 60 years  

º Transportation fuels: 
major source of GHG 
emissions  

º 25% of total net 
primary energy (70% of 
petroleum)  

 

Depletion of resources 
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RENEWABLES  AND  THE  PROSPECTS OF BIOMASS  

Whereas electric power can be met by other 
renewable energy technologiesé. 

 

 

 

 

 

 

 

 

 

é biomass is the only renewable source of carbon -
based fuels, chemicals and materials  



FIRST  GENERATION  BIOREFINERIES  

º Single feedstocks 

º Single products (mainly 

producing ethanol & 

biodiesel) 

º Limited degree of 

innovation  

º Increasing degree of 

integration  

º Still experimental and 

developing  

º Number of plants 

continues to increase 

despite the recent stop set 

on subsidies 

 

 
Criticism and often opposition. Fair stance?  



FIRST  GENERATION  PLANTS : PANNONIA  ETHANOL  

º Location: Dunafoldvar, Hungary  

º Constructor: Fagen Europe LLC  

º Feedstock: Corn  

º Capacity: 575,000 tons/year  

º Products:  

· 240 MMly ethanol  

· 175,000 tons DDGS  

· CO2 (released) 

º Process integration has been essential:  

· Energy reductions by 60%  

· Multi -effect evaporation  

· Thermally coupled columns  

º Pros: 

· Generates profits without subsidies  

· Reduces emissions, generates jobs,  

· Zero-waste plant  

How much is enough?  



é ITõS AN  EXCELLENT  START ! 

BUT  

º Corn is used for food  

º Unintended consequences of land use (ILUC)  

º Large part of the plant remains unused  

· Corn stover , bagasse, wheat straws etc: they account for the 

largest part of the plant  

º Large part of available biomass in the area (non -food crops, 

forestry, agricultural residues) remains untapped due to the lack 

of technology to process it  

SUSTAINABILITY  

º Dictates a holistic use of the plant  

º Use of non-food sources 

º Technology development to tackle with more difficult feedstocks  

· Lignocellulosics , oleochemical, organic waste, marine cultures  

First generation plants have not turned into a nasty experience; 

they are the first step to future progress  



SECOND  GENERATION  PROCESSES, NOW  THE  FUTURE  

ºMuch bigger problem  

ºNeed for a systematic evaluation and selection of options  



BUT , IS  IT  REAL ?  

HOW MUCH  COMMERCIAL  ACTIVITY  IS  IT  

ACTUALLY  AROUND  THIS  CONCEPT ? 



MAABJERG  ENERGY  (DENMARK ) 

º State -of-the-art: Commercial  

º Type of biorefinery: five -platform 

(C5&C6 sugars, lignin, biogas, 

biomethane, electricity and heat)  

º Owner: Vestforsying A/S, Struer 

Forsying, Nomi I/S, Dong Energy 

A/S, Novozymes A/S 

º Feedstocks: Wood chips, straw, 

manure, sewage sludge, MSW  

º Output: bio -methane, bioethanol, 

fertilizers, electricity and heat  

º Capacity:  

· 300 Kt/y straw; 520 kt manure, 

100k t/y MSW, 280kt/y biowaste  

· 80 km3/y bioethanol, 50 Mm3 

biogas, 36kt/y lignin, 25,000 

households 

 

 



ALBERTA  PACIFIC  FOREST  I ND  (CANADA ) 

º State -of-the-art: Commercial 

scale 

º Type of biorefinery: three -

platform (pulp, stripper off -gas, 

electricity and heat)  

º Location: Alberta, Canada  

º Owner: Alpac Forest Products  

º Feedstocks: Wood chips (aspen, 

poplar, spruce, pine) certified 

by the Council  

º Output:  

· 80 GWh green electricity,  

· 3kt/y methanol,  

· 665kt/y pulp  

 



I NEOS  (USA) 

º State -of-the-art: Commercial 

scale 

º Type of biorefinery: two -

platform (syngas, power & 

heat) biorefinery using syngas 

fermentation to produce 

bioethanol and power from 

vegetative, yard, and MSW  

º Location: Feedstocks: 

Vegetative, yard and MSW  

º Output: bioethanol, power  

 

 



MATRICA  SPA (I TALY ) 

º State -of-the-art: Commercial  

º Type of biorefinery: single -

platform (bio -oil) biorefinery  

º Location: Porto Torres, 

Sardinia  

º Owner: Eni  Versalis , Matrica , 

Novamont  

º Feedstocks: Oil seeds from non -

food autocthonous  crops 

º Output: chemicals 

(biolubricants ), biopolymers, 

biofillers  

 

 

 



BIOWERT  (GERMANY ) 

º State -of-the-art: Commercial 

scale 

º Type of biorefinery: three -

platform (biogas, green 

pressate, power & heat) 

biorefinery to produce high -

quality fibers, nutrients, biogas  

º Owner: Feedstocks: Grass  

º Output: high -quality cellulosic 

fibers for insulation material, 

composite granulate and 

profiles, nutrients and biogas  

 

 



MAJOR  DEMONSTRATION  & PILOTS  

ǯǳǧER COMMERCIAL  

º Borregard  (Norway): forestry wood to Vanillin, Ethanol, polymers  

º Crescentino  (Italy); giants reeds, miscanthus , switch grass, 

agricultural residues; C5&C6, lignin  

MAJOR DEMONSTRATION  

º Inbicon  (Denmark); straw, corn stover , bagasse; bioethanol, 

electricity, heat and power  

º Cellulac  (Ireland); lignocellulosics  for chemicals (LA, PLA); 

C5&C6, lignin  

PILOTS  

º Bioliq  (Germany); residues; pyrolysis for BtL  fuels  

º Biogasol (Denmark); straw and agricultural residues; sugar -

lignin -biogas 

º CIMV (France); softwood and hardwood; C5&C5, lignin  

 

 

 



WHAT  ARE  COMMON  DESIGN  CHALLENGES ? 

All start with a promising way to break down the biomass  

º Biochemical routes with different enzymes  

º Chemical processes using energy, strong acids and other 

chemicals 

º Combinations of the above  

They produce a single but in most cases several platform chemicals  

º C5 & C6 sugars, lignin  

º Biogas, syngas, bio-oils 

Design, synthesis and integration challenges  

º What is the better way to valorize my ôintermediatesõ 

º What is the scope to integrate processing paths  

· With other existing industries  

· Across different biorefinery paths  

 

 



2G BIOREFINERY : STATE -OF-THE  ART  

ºPowerful teeth with a huge appetite for biomass  

ºMid -gut is shaping up  

ºHind -gut is still to be developed  

 

M. OõDonuhue (INRA), 3 rd  Biorefinery School, Budapest, 2014  



PROBLEM  AND  AN  OUTLINE  APPROACH  

ºSynthesis stage  

üWhich products and 

feedstocks to select 

ºTargeting stage:  

üscope to integrate 

and save 

ºProcess development 

üProcess flowsheeting 

and process 

integration  
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CASE STUDY :  

THE  INTEGRATION  OF THE  

LIGNOCELLULOSIC  BIOREFINERY  



DESIGN DECISIONS  

ºScope for savings: bulk products  

ºScope to expand: products and feedstocks  

ºScope to integrate production paths of bulk and specialties  

º Bulk chemicals: C6, C5, lignin  

º Feedstocks: wheat straw, corn 

stover , ric e, bagasse, hardwood  

º 85 different products and 

chemistries  


