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“Gasification applications in existing infrastructures for production of 
sustainable value-added products”

The gasification technology can be applied in different, already existing industrial and agricultural 
infrastructures for production of further value-added products. 

The aim of the project:

• to show the potential of the gasification technology

• to mention the limitting factors

• to provide the data for the further TEE analysis carried out by Task 42

Publication: http://www.task33.ieabioenergy.com/content/Task%2033%20Projects

Introduction
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Gasification applications
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Potential of gasification

• Gasification is a versatile technology, a broad variety of

feedstock (biomass / waste/residues) can be employed

• The process can be performed by diverse operational 

conditions using different gasification reactors

• Many different value-added products can be produced

• Gasification process can be implemented as a stand–alone

technology or as a part of other industrial processes (e.g. 

pulp and paper industry, etc.)
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Woody biomass and waste

(e.g. soft wood, hard wood, 
waste wood, etc.)

Agricultural residues and
waste

(e.g. straw, maize, husks, 
manure, etc.)

Residential and industrial
waste streams

(e.g. MSW, RDF, SRF, black
liquor, sewage sludge, etc.)

Feedstock for gasification

Table : Global potential of biomass in 2012 and 2035 (in EJ)
Source: WBA: Global bioenergy statistics 2019

In the table no residential and industrial waste is mentioned, thus

the availability potential is even higher

For comparison: power consumption in Germany 2021 was 2,1 EJ
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• Size and impurities (size adjustment, impurities removed if possible)

• Feedstock moisture (strong effect on the process efficiency)

• Chemical composition (C, N, S, Cl, alkali metals, trace elements,..)

Tars

Heating value

Ash content and melting behaviour

Feedstock – limiting factors for gasification
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Types of gasification reactors



www.ieabioenergy.com9

Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry

Case study 2 (Donatella Barisano)

Integration between gasification and anaerobic degestion to methanol

Case study 3 (Reinhard Rauch)

Integration of renewables into existing refineries

Case study 4 (Berend Vreugdenhil)

Gasification of RDF and integration into an existing naphta cracker

Case studies
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Entrained flow biomass gasification in the pulp and paper industry

Author: Joakim Lundgren

Case study 1
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Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry

Introduction

• Pulp and paper plants are considered as highly suitable for integration of new biorefinery concepts 

• Thermal gasification-based concepts, where internal by-products or side streams can be converted to 

energy carriers and products, either for internal use or for export

• The product gas from gasification can be used:

• as a fuel in boilers and kiln ovens for high temperature heat 

• upgraded in more advanced applications such as synthesis of chemicals and biofuels 

• for drying purposes, for example in blow-dryers for paper or pulp drying.

Integration of gasification in pulp and paper industries can be beneficial from many perspectives:

• an efficient heat integration

• reduced investment costs by co-use of existing processing equipment and logistic synergies 

• the experiences of feedstock processing and the utilization 
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Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry

Examples of integrated gasification units into pulp mills (1/2)

48 MWth biomass gasification plant at Metsä Fibre Joutseno pulp mill (Metsä Group)

Circulating Fluidized Bed (CFB) gasifier, a product gas for combustion in the lime kiln. 

Bark gasifier (Metsä Fibre)  in Äänekoski bioproduct mill 

Product gas combustion

12 MWth CFB gasifier is providing fuel gas to Stora Enso’s lime kiln at Varkaus

65 MWth CFB gasification plant at the Zhanjiang Chenming pulp and paper mill in China

Product gas replaces the heavy fuel oil

80 MWth CFB gasification plant in its new greenfield pulp mill, Shouguang Meilun in China

2x 110 MWth CFB gasification units at the OKI pulp mill in South Sumatra, Indonesia
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Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry

In the Netherlands, Eska Graphic Board converts 

paper rejects into gas via gasification in a 12 MWth air 

blown CFB-gasifier. 

The product gas is combusted in a waste 

heat recovery boiler to produce saturated steam used 

in the board-processing

ANDRITZ group received an order from the largest 

paper producer in Brazil, Klabin, for a complete 

biomass gasification plant for their mill in Ortigueira. 

The scope of supply includes a 51 MWth

gasification plant, a belt dryer, a multi-fuel lime kiln 

burner and biomass handling equipment:  100 % of 

the heavy fuel oil will be replaced

Examples of integrated gasification units into pulp mills (2/2)

Figure.: ESKA gasification unit
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Two main gasification integration options were considered:

1) replacing the bark boiler of a pulp mill with an entrained-flow 
biomass gasifier 

2) full or partial utilization of the black-liquor stream for entrained-
flow gasification

Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry
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Case study 1 (Joakim Lundgren)

Entrained flow biomass gasification in the pulp and paper industry

Favorable conditions for biofuels and chemicals production prevail at Kraft pulp mills, due to the already 
available feedstock in form of woody residues and black liquor and the opportunities for efficient heat 
integration. 

The overall energy system efficiency is generally higher and the economic performance better if the 
production is integrated in a pulp mill in comparison to separate stand-alone operations of the mill and 
the gasification plant. 

The pulp mill characteristics such as capacity and type is decisive for what integration concept that is the 
most favorable from a techno-economic viewpoint. 

Gasification with downstream synthesis to biofuels is less appropriate for pulp mills already limited in the 
lime kiln, due to the increased causticizing load. 

Gasification of black liquor with downstream synthesis processes generally result in good economic and 
energy performance that could result in important economic benefits to the pulp and paper industry. 

Conclusions
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Gasification for production of biomethanol by coupling with
anaerobic digestion

Authors: Donatella Barisano and Enrico Catizzone

Case study 2
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• Methanol has a large employment and it is a key chemical intermediate 
as well (also related to the fuel sector)

• The anaerobic digestion is an approved technology over the last 
decades, furthermore, based on many scenarios, the potential is still 
increasing

• The coupling of thermochemical gasification with anaerobic digestion
was chosen to boost the production of biomethanol

Case study 2  (Donatella Barisano and Enrico Catizzone)

Integration between gasification and anaerobic digestion 
to methanol Drivers for the study
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Two subcases were considered in this case study: 

1. Production of biomethanol by enriching the producer gas from 
biomass gasification in hydrogen via steam reforming of AD biomethane

2. The anaerobic digestate used as a feedstock to the gasification 
stage.

Case study 2  (Donatella Barisano and Enrico Catizzone)

Integration between gasification and anaerobic digestion to 
methanol
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• Subcase 1: The gasification unit is based on a steam/oxygen gasification process carried 
out in a bubbling fluidized bed reactor (T 820-880°C), coupled with ceramic filter and 
scrubber

• Subcase 2: For gasification a unit based on a rotary kiln reactor was considered preferable 
(based on feedstock properties). Air was used as a gasification agent; the process was 
carried out at temperature in the range 800-830°C and the produced gas was purified by 
considering cyclones and wet scrubbing

Case study 2  (Donatella Barisano and Enrico Catizzone)

Integration between gasification and anaerobic digestion to 
methanol Material and methods

Table: Composition of the syngas stream of gasification unit (%vol, DRY) 
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• The biomass flowrate strongly affects the syngas composition for 
methanol synthesis, as well as the total and specific power 
consumption.

• Despite the increase of syngas to be compressed, the increase of the 
biomass flowrate causes a slight decrease of electricity demand for 
compression. This effect is related to the total methanol productivity.

Case study 2  (Donatella Barisano and Enrico Catizzone)

Integration between gasification and anaerobic digestion to 
methanol Results

Case 1 – The producer gas from biomass gasification enriched in hydrogen via steam reforming of AD biomethane
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• Digestate gasification seems to be a promising way for producing 
methanol

• The productivity of methanol is slightly lower than case 1. This may be 
associate to a different syngas composition. 

• In fact, it provides a possible alternative use of the solid residue from 
AD, which availability is expected to exceed the capacity of use as 
agricultural soil improver. 

Case study 2  (Donatella Barisano and Enrico Catizzone)

Integration between gasification and anaerobic digestion to 
methanol Results

Case 2 – Digestate gasification for methanol production
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Integration of renewables into existing refineries

Authors: Reinhard Rauch and Xhesika Koroveshi

Case study 3
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To show 

the complete 

synthesis pathway

of the bio-fuels,  

studied on-site in 

the refinery by using

one of Germany’s 

largest refineries, 

Mineralölraffinerie

Oberrhein (MiRO)

Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries
Aims of the study

Figure: Block diagram of main refinery structures at MiRO
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Two different pathways were compared:

• Subcase 1: Fischer-Tropsch process
• more adequate for the synthesis of high-quality diesel components

• The product from the FT process is separated in the atmospheric distillation unit and 
upgraded to intermediate and final products through the refinery structures. 

• The processing of the wax fraction was considered in two ways: 
• conversion into lighter boiling fractions through fluid catalytic cracking 

• through a hydrocracker in the presence of H2

• Subcase 2: Methanol/DME- to-Gasoline
• for the production of high-quality gasoline components

• The products need to be conditioned and processed only in a stabilization column of the 
refinery to produce a high-quality gasoline blend

Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries
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Subcase 1: Fischer-Tropsch process

Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries
Aims of the study

Block diagram of the integration of the gasification system and the FT process in the refinery.
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• The yield target of 50 t/h of product feed to the refinery system 
(syncrude or raw gasoline blend) was set and used in the evaluation of 
the mass and energy balances

• The efficiency of the processes was analysed through the energy 
efficiency factors (𝜂, 𝜂𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠,𝜂𝑡𝑜𝑡𝑎𝑙), where the energy of the synthetic 
fuel, by-products and overall steam and fuel gas production were 
compared to the energy of the biomass feedstock

Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries
Material and methods
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Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries

The FT raw product
• can be treated in the refinery as a synthetic crude oil and be fed similarly to the 

conventional crude oil into the atmospheric distillation unit
• afterwards processed in the refinery structures
• the main end product is expected to be diesel with gasoline and light hydrocarbons as by-

products

The MtG and DtG processes produce a raw product
• it is comparable in quality and composition to the reformate of the catalytic reformer in 

the refinery
• this enables an integration directly into the reformate upgrading structures and offers a 

synthetic option for the conventional reformate



www.ieabioenergy.com28

Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries
Material and methods

As gasification system, the bioliq® process is used
• Pyrolysis: T 500°C
• Gasification: T 1200°C
• raw synthesis gas containing mainly H2, CO, CO2 

and H2O. 
• oxygen-blown gasification is preferred to air-

blown gasification
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Case study 3  (Reinhard Rauch and Xhesika Koroveshi )

Integration of renewables into existing refineries

• The Fischer-Tropsch process with the implementation of a hydrocracker unit was shown to 
produce higher yields of diesel components compared to the catalytic cracking and also a higher 
overall energy efficiency

• Methanol/DME-to-Gasoline processes deliver lower synthetic fuel energy efficiencies compared 
to the Fischer-Tropsch process

• Amongst the Methanol-to-Gasoline and DME-to-Gasoline processes, the DtG process could 
deliver a higher yield of synthetic gasoline, so also a higher synthetic fuel energy efficiency compared 
to the MtG process, but the product and overall energy efficiency of the MtG process were shown to 
be higher.

• The integration of the Fischer-Tropsch process resulted to be slightly more economic than the 
Methanol/DME-to-Gasoline processes

Results



www.ieabioenergy.com30

Case study 4  (Berend Vreugdenhil and Leonie Lucking)

Gasification of RDF and integration into an existing naphtha 
cracker
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Case study 4  (Berend Vreugdenhil and Leonie Lucking)

Gasification of RDF and integration into an existing naphtha 
cracker

The aim was to employ gasification technology 
to provide circular and biobased feedstock to an existing naphtha cracker of a petrochemical plant. 
In this case, the indirect gasification technology MILENA, OLGA tar removal 
and SEWGS were considered to be integrated into naphtha cracker.

RDF gasification: MILENA gasifier
• The feedstock is fed to a vertical riser tube, which can operate 

between 600 – 850°C (biomass gasif. 750-850°C, lower T for 
plastics-limiting cracking)

• The bottom of this riser can be fluidized using steam or nitrogen, 
air or other gases 

• No circulation of solids needed to use the heat from the 
combustion zone for gasification process

 raw  
product 
gas 

flue gas 

primairy 
air 

RDF 

gasification 

combustion 

steam 

secondairy 
air 
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Case study 4  (Berend Vreugdenhil and Leonie Lucking)

Gasification of RDF and integration into an existing naphtha 
cracker

Figure: Comparison of gas produced by RDF gasification and CO2 removal compared to the gas from naphta cracker
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Case study 4  (Berend Vreugdenhil and Leonie Lucking)

Gasification of RDF and integration into an existing naphtha 
cracker
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Case study 4  (Berend Vreugdenhil and Leonie Lucking)

Gasification of RDF and integration into an existing naphtha 
cracker

Conclusions

• Operating existing naphtha crackers on alternative fuels is typically looking at replacing naphtha with a 
biogenic or circular alternative. 

• To maintain 100% recycling efficiency for the plastics, a certain amount of biogenic residue is in fact crucial, 
what reduces the need of mechanical recycling

• Policy frames will have a major impact on how these processes can or need to develop. If the focus is to 
generate as much circular materials from waste, the gasification route needs to be supported with CO2

mechanisms favouring the sequestration of biogenic carbon.
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Gasification is a versatile technology
• Feedstock variability

• Process conditions variable

• Products diversity

• Integration into other industrial processes

• CCUS technology

Case studies illustrated partly the potential of the gasification technology
• employment in pulp and paper industry

• methanol production by coupling gasification with AD

• integration of renewables in existing refineries

• RDF gasification and integration into naphta cracker

Conclusions

Gasification processes offer a wide application in the field of bioeconomy/biorefinery to 

utilize residues and waste streams; 
this increases the overall efficiency of conversion process chains and lead to optimized 
materials utilization
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