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Executive Summary: 
 
The Cellulosic Based Black Liquor Gasification and Fuels Plant Project was developed to 
construct a black liquor to Methanol biorefinery in Escanaba, Michigan. The biorefinery was to 
be co-located at the existing pulp and paper mill, NewPage’s Escanaba Paper Mill and when in 
full operation would: 

• Generate renewable energy for Escanaba Paper Mill  

• Produce Methanol for transportation fuel of further refinement to Dimethyl Ether 

• Convert black liquor to white liquor for pulping. 
 
Black liquor is a byproduct of the pulping process and as such is generated from abundant and 
renewable lignocellulosic biomass.  The biorefinery would serve to validate the 
thermochemical pathway and economic models for black liquor gasification.  It was a project 
goal to create a compelling new business model for the pulp and paper industry, and support 
the nation’s goal for increasing renewable fuels production and reducing its dependence on 
foreign oil. NewPage Corporation planned to replicate this facility at other NewPage 
Corporation mills after this first demonstration scale plant was operational and had proven 
technical and economic feasibility.   
 
An overview of the process begins with black liquor being generated in a traditional Kraft 
pulping process.  The black liquor would then be gasified to produce synthesis gas, sodium 
carbonate and hydrogen sulfide.  The synthesis gas is then cleaned with hydrogen sulfide and 
carbon dioxide removed, and fed into a Methanol reactor where the liquid product is made.  
The hydrogen sulfide is converted into polysulfide for use in the Kraft pulping process.  
Polysulfide is a known additive to the Kraft process that increases pulp yield.  The sodium 
carbonate salts are converted to caustic soda in a traditional recausticizing process.  The caustic 
soda is then part of the white liquor that is used in the Kraft pulping process. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant project set out to prove that black 
liquor gasification could produce transportation fuels and produce pulp at the same time.  This 
has the added advantage of reducing or eliminating the need for a recovery boiler.  The 
recovery boiler is an extremely expensive unit operation in the Kraft process and is key to the 
chemical recovery system that makes the Kraft process successful.  Going to a gasification 
process with potentially higher energy efficiency, improve the pulping process and be more 
efficient with the use of wood.  At the same time a renewable fuel product can be made.                                            
 
Cellulosic Based Black Liquor Gasification and Fuels Plant progressed with the design of the 
mill as Chemrec continued to work on their pilot plant data gathering.  The design information 
helped to guide the pilot plant and vice versa.   
 
In the end, the design details showed that the process was technically feasible.  However, at the 
relatively small size of this plant the specific capital cost was very high and could only be 
considered if the pulp operation needed to replace the recovery boiler.  Some of the reasons for 
the costs being high are attributed to the many constraints that needed to be addressed in the 
pulping process.  Additionally, the Methanol product did not have a vehicle fuel supply chain 
to enter into. A different product selection could have eliminated this issue. However, with the 
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selected design, the installation at Escanaba Paper Mill was not economically feasible and the 
project was not pursued further. 
 
 
Investigations Conducted to Better Understand the Process 
 
Over the course of the project, xxx major investigations were undertaken to increase the 
project’s understanding of the process and are discussed below:   
 
 

1. The first investigation was done to develop a FEL-2 level estimate of the Cellulosic 
Based Black Liquor Gasification and Fuels Plant.  This work indicated that there was 
potential for this type of facility to be economically attractive at Escanaba Paper Mill. 

 
2. As the second investigation, the pilot plant was used.  The pilot plant efforts used black 

liquor at the Piteå, Sweden to test the ability of the gasifier to effectively convert black 
liquor.  These tests were successful, however, the down stream processing of the 
synthesis gas was not tested. 

 
3. The third investigation was done in conjunction with AMEC to determine the design, 

location and cost of Cellulosic Based Black Liquor Gasification and Fuels Plant.  This 
work has been submitted to the DOE and a public version is available and is attached to 
this report. 

 
4. The fourth investigation addressed the in mill work practices and requirements to 

handle both the products from black liquor gasification and the ability to make up for 
the energy lost to the process when making Methanol.  This work included the 
estimation of a new biomass boiler at Escanaba Paper Mill as well as other substantial 
process changes. 

 
5. The fifth investigation was the economics of making either methanol or dimethyl ether.  

The result of this work was that the methanol market was dominated by low cost, 
offshore product and was not acceptable for a fuel substitute.  Dimethyl ether was 
shown to be a good fuel substitute, much like propane, but there was no domestic 
market for this fuel and substantial infrastructure would need to be created to distribute 
this fuel. 

 
The distribution issues along with the high capital cost lead Escanaba Paper Mill to the 
conclusion that the project was not feasible in the short term.  The project was then terminated. 
 
 
Technical Effectiveness and Economic Feasibility of the Project 
 
Technically, the project was a success and in showing that black liquor could be successfully 
gasified.  The technologies for the other steps exist, but needed to be tested in the pilot plant.  
The design was shown to be feasible.  The project’s Achilles heel was that the capital cost of 
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the project was extremely high, even when compared to the cost of a recovery boiler.  Beyond 
that was the lack of a supply change to market the dimethyl ether product.  These issues made 
the project not feasible to do at Escanaba Paper Mill. 
 
Benefit the Public 
 
Economically, the project would have benefited the residents in the Upper Peninsula of 
Michigan by securing jobs at Escanaba Paper Mill and associated supply chain.  There would 
have been an increase in the construction trades and engineering work during construction of 
the facility, thereby increasing the bottom line of any support business.  Additional staff would 
have been hired to operate the facility.  A renewable energy system at Escanaba Paper Mill 
would have been an added benefit that would have contributed to the long term viability of the 
facility.   
 
Most significantly, the facility would have generated second generation fuels outside of the 
food chain from a renewable, sustainable resource.   
 
 
Comparison of the Actual Accomplishments with the Goals and Objectives of the Project:  
 
The primary project goal was to generate a renewable energy from black liquor in an 
economically feasible way.  The second goal was to then replicate the facility in other similar 
situations across the United States.    To support these goals, the following efforts were made 
to address the DOE barriers thought to be problematic if not addressed. 
 
Another DOE Barrier Im-E: Lack of Industry Standards and Regulations was not found to be 
an issue for the project.  Construction and operation of the plant would be covered under city, 
state and national permits, and Methanol product characteristics would be regulated by their 
customers.   
 
The next barrier addressed by the project was DOE’s It-C: Risk of First-of-a-kind-Technology.  
The operation of the pilot plant allowed the project to addressed and mitigate the gasification 
issue.   
 
 
Summarize the Project Activities for the Entire Period of Funding: 
 
In June 2007, Cellulosic Based Black Liquor Gasification and Fuels Plant was proposed to 
Escanaba Paper Mill by Chemrec, Michigan Economic Development Corporation, US/Swedish 
Bilateral Energy Funding Agreement, and the State of Michigan.  From these discussions, a 
stage gate process of evaluating and testing black liquor gasification to dimethyl ether or 
methanol was agreed upon with the Escanaba Paper Mill site to be used as the example 
location to build from.   
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Cellulosic Based Black Liquor Gasification and Fuels Plant FEL-2 study was done in late 
December 2007 and this provided enough of a positive outlook to have the project proceed to 
the next stage. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant entered into a design period where 
AMEC was again chosen to develop a Class 10 design and cost estimate.  At the same time, 
Chemrec developed a pilot plant plan at their facility in Piteå, Sweden to do gasification trials 
using black liquor from an adjacent kraft pulp mill.  These trials were done over a several year 
period of time.  These trials only focused on the gasification and did not demonstrate the gas 
handling.  
 
At the same time, AMEC was completing their Class 16 design an issued a report in June 2009.  
This report investigated the black liquor gasification process as well as look at the rest of the 
plant.  The balance of plant costs were substantial and included a new boiler. 
 
During the course of the summer of 2009, the issue to product distribution became an 
important issue.  The potential methanol product has a large market, but this is saturated with 
low cost methanol from stranded fuel sources. While methanol still enjoyed a blender’s credit 
for biofuels at this time it was not included in the standard gasoline specification. The dimethyl 
ether product has a lot of potential as a fuel replacement like propane and is today a proven 
diesel fuel, but has no distribution system for the product.  These represent significant 
problems with going to the market. Dimethyl ether was also excluded from the DOE call for 
proposals 2009. 
 
In June 2009, it became apparent to NewPage Corporation that there was not enough financial 
incentive for the company to continue to pursue Cellulosic Based Black Liquor Gasification 
and Fuels Plant and requested a termination of the project. 
 
 
Identification of Products Developed Under the Award and Technology Transfers 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant did not publish or release any 
documents other than those provided to DOE for review previously. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant is mentioned on websites outside 
of our control.  There was no Cellulosic Based Black Liquor Gasification and Fuels Plant 
website. 
 
 
Computer Modeling Development: 
 
The Cellulosic Based Black Liquor Gasification and Fuels Plant did not develop computer  
modeling as part of their project.  
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Executive Summary: 
 
The Cellulosic Based Black Liquor Gasification and Fuels Plant Project was developed to 
construct a black liquor to Methanol biorefinery in Escanaba, Michigan. The biorefinery was to 
be co-located at the existing pulp and paper mill, NewPage’s Escanaba Paper Mill and when in 
full operation would: 

• Generate renewable energy for Escanaba Paper Mill  

• Produce Methanol for transportation fuel of further refinement to Dimethyl Ether 

• Convert black liquor to white liquor for pulping. 
 
Black liquor is a byproduct of the pulping process and as such is generated from abundant and 
renewable lignocellulosic biomass.  The biorefinery would serve to validate the 
thermochemical pathway and economic models for black liquor gasification.  It was a project 
goal to create a compelling new business model for the pulp and paper industry, and support 
the nation’s goal for increasing renewable fuels production and reducing its dependence on 
foreign oil. NewPage Corporation planned to replicate this facility at other NewPage 
Corporation mills after this first demonstration scale plant was operational and had proven 
technical and economic feasibility.   
 
An overview of the process begins with black liquor being generated in a traditional Kraft 
pulping process.  The black liquor would then be gasified to produce synthesis gas, sodium 
carbonate and hydrogen sulfide.  The synthesis gas is then cleaned with hydrogen sulfide and 
carbon dioxide removed, and fed into a Methanol reactor where the liquid product is made.  
The hydrogen sulfide is converted into polysulfide for use in the Kraft pulping process.  
Polysulfide is a known additive to the Kraft process that increases pulp yield.  The sodium 
carbonate salts are converted to caustic soda in a traditional recausticizing process.  The caustic 
soda is then part of the white liquor that is used in the Kraft pulping process. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant project set out to prove that black 
liquor gasification could produce transportation fuels and produce pulp at the same time.  This 
has the added advantage of reducing or eliminating the need for a recovery boiler.  The 
recovery boiler is an extremely expensive unit operation in the Kraft process and is key to the 
chemical recovery system that makes the Kraft process successful.  Going to a gasification 
process with potentially higher energy efficiency, improve the pulping process and be more 
efficient with the use of wood.  At the same time a renewable fuel product can be made.                                            
 
Cellulosic Based Black Liquor Gasification and Fuels Plant progressed with the design of the 
mill as Chemrec continued to work on their pilot plant data gathering.  The design information 
helped to guide the pilot plant and vice versa.   
 
In the end, the design details showed that the process was technically feasible.  However, at the 
relatively small size of this plant the specific capital cost was very high and could only be 
considered if the pulp operation needed to replace the recovery boiler.  Some of the reasons for 
the costs being high are attributed to the many constraints that needed to be addressed in the 
pulping process.  Additionally, the Methanol product did not have a vehicle fuel supply chain 
to enter into. A different product selection could have eliminated this issue. However, with the 
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selected design, the installation at Escanaba Paper Mill was not economically feasible and the 
project was not pursued further. 
 
 
Investigations Conducted to Better Understand the Process 
 
Over the course of the project, xxx major investigations were undertaken to increase the 
project’s understanding of the process and are discussed below:   
 
 

1. The first investigation was done to develop a FEL-2 level estimate of the Cellulosic 
Based Black Liquor Gasification and Fuels Plant.  This work indicated that there was 
potential for this type of facility to be economically attractive at Escanaba Paper Mill. 

 
2. As the second investigation, the pilot plant was used.  The pilot plant efforts used black 

liquor at the Piteå, Sweden to test the ability of the gasifier to effectively convert black 
liquor.  These tests were successful, however, the down stream processing of the 
synthesis gas was not tested. 

 
3. The third investigation was done in conjunction with AMEC to determine the design, 

location and cost of Cellulosic Based Black Liquor Gasification and Fuels Plant.  This 
work has been submitted to the DOE and a public version is available and is attached to 
this report. 

 
4. The fourth investigation addressed the in mill work practices and requirements to 

handle both the products from black liquor gasification and the ability to make up for 
the energy lost to the process when making Methanol.  This work included the 
estimation of a new biomass boiler at Escanaba Paper Mill as well as other substantial 
process changes. 

 
5. The fifth investigation was the economics of making either methanol or dimethyl ether.  

The result of this work was that the methanol market was dominated by low cost, 
offshore product and was not acceptable for a fuel substitute.  Dimethyl ether was 
shown to be a good fuel substitute, much like propane, but there was no domestic 
market for this fuel and substantial infrastructure would need to be created to distribute 
this fuel. 

 
The distribution issues along with the high capital cost lead Escanaba Paper Mill to the 
conclusion that the project was not feasible in the short term.  The project was then terminated. 
 
 
Technical Effectiveness and Economic Feasibility of the Project 
 
Technically, the project was a success and in showing that black liquor could be successfully 
gasified.  The technologies for the other steps exist, but needed to be tested in the pilot plant.  
The design was shown to be feasible.  The project’s Achilles heel was that the capital cost of 
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the project was extremely high, even when compared to the cost of a recovery boiler.  Beyond 
that was the lack of a supply change to market the dimethyl ether product.  These issues made 
the project not feasible to do at Escanaba Paper Mill. 
 
Benefit the Public 
 
Economically, the project would have benefited the residents in the Upper Peninsula of 
Michigan by securing jobs at Escanaba Paper Mill and associated supply chain.  There would 
have been an increase in the construction trades and engineering work during construction of 
the facility, thereby increasing the bottom line of any support business.  Additional staff would 
have been hired to operate the facility.  A renewable energy system at Escanaba Paper Mill 
would have been an added benefit that would have contributed to the long term viability of the 
facility.   
 
Most significantly, the facility would have generated second generation fuels outside of the 
food chain from a renewable, sustainable resource.   
 
 
Comparison of the Actual Accomplishments with the Goals and Objectives of the Project:  
 
The primary project goal was to generate a renewable energy from black liquor in an 
economically feasible way.  The second goal was to then replicate the facility in other similar 
situations across the United States.    To support these goals, the following efforts were made 
to address the DOE barriers thought to be problematic if not addressed. 
 
Another DOE Barrier Im-E: Lack of Industry Standards and Regulations was not found to be 
an issue for the project.  Construction and operation of the plant would be covered under city, 
state and national permits, and Methanol product characteristics would be regulated by their 
customers.   
 
The next barrier addressed by the project was DOE’s It-C: Risk of First-of-a-kind-Technology.  
The operation of the pilot plant allowed the project to addressed and mitigate the gasification 
issue.   
 
 
Summarize the Project Activities for the Entire Period of Funding: 
 
In June 2007, Cellulosic Based Black Liquor Gasification and Fuels Plant was proposed to 
Escanaba Paper Mill by Chemrec, Michigan Economic Development Corporation, US/Swedish 
Bilateral Energy Funding Agreement, and the State of Michigan.  From these discussions, a 
stage gate process of evaluating and testing black liquor gasification to dimethyl ether or 
methanol was agreed upon with the Escanaba Paper Mill site to be used as the example 
location to build from.   
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Cellulosic Based Black Liquor Gasification and Fuels Plant FEL-2 study was done in late 
December 2007 and this provided enough of a positive outlook to have the project proceed to 
the next stage. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant entered into a design period where 
AMEC was again chosen to develop a Class 10 design and cost estimate.  At the same time, 
Chemrec developed a pilot plant plan at their facility in Piteå, Sweden to do gasification trials 
using black liquor from an adjacent kraft pulp mill.  These trials were done over a several year 
period of time.  These trials only focused on the gasification and did not demonstrate the gas 
handling.  
 
At the same time, AMEC was completing their Class 16 design an issued a report in June 2009.  
This report investigated the black liquor gasification process as well as look at the rest of the 
plant.  The balance of plant costs were substantial and included a new boiler. 
 
During the course of the summer of 2009, the issue to product distribution became an 
important issue.  The potential methanol product has a large market, but this is saturated with 
low cost methanol from stranded fuel sources. While methanol still enjoyed a blender’s credit 
for biofuels at this time it was not included in the standard gasoline specification. The dimethyl 
ether product has a lot of potential as a fuel replacement like propane and is today a proven 
diesel fuel, but has no distribution system for the product.  These represent significant 
problems with going to the market. Dimethyl ether was also excluded from the DOE call for 
proposals 2009. 
 
In June 2009, it became apparent to NewPage Corporation that there was not enough financial 
incentive for the company to continue to pursue Cellulosic Based Black Liquor Gasification 
and Fuels Plant and requested a termination of the project. 
 
 
Identification of Products Developed Under the Award and Technology Transfers 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant did not publish or release any 
documents other than those provided to DOE for review previously. 
 
Cellulosic Based Black Liquor Gasification and Fuels Plant is mentioned on websites outside 
of our control.  There was no Cellulosic Based Black Liquor Gasification and Fuels Plant 
website. 
 
 
Computer Modeling Development: 
 
The Cellulosic Based Black Liquor Gasification and Fuels Plant did not develop computer  
modeling as part of their project.  
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