
 

Syngas from renewables 
Production of green methanol 
Jim Abbott, JMPT 

 
2015 European Methanol Policy Forum 
Brussels, 14 Oct 2015 

 

Presenter
Presentation Notes
Hello, Ladies and Gentlemen.
I am going to present today on technology to produce syngas from renewable feedstocks, particularly with relevance to methanol.



 
Renewable energy usage 

Progress of renewable power use towards 2020 2°C target 
[reproduced from Tracking Clean Energy Progress 2013, IEA] 

14% 
Annual 
growth 

of renewables 
2000 - 2015 

13% 
Required 

annual growth 
of renewables  

to 2020 

• Legislated targets for ‘green’ fuels 
• Market for ‘green’ chemicals  

Presenter
Presentation Notes
Over the past 10-15 years the proportion of power, which has come from a renewable resource has been growing fast – at around 10-15% per year. If the target of restricting the global temperature rise to 2 degrees centigrade is to be achieved, the International Energy Agency models predict that this growth needs to continue at a similar rate.
There is a similar driver for green fuels. In this case, there are a number of different legislative mechanisms, which effectively mean that more renewably sourced fuel must be part of each barrel.
For green chemicals, the market pull is due to consumer influence rather than legislation. For instance, there is a lot of pressure on companies making certain everyday consumer products to reduce , or eliminate, fossil fuel sourced carbon content. Fizzy drink bottles is an example.     



 
Methanol in a carbon neutral cycle 

Beyond Oil and Gas: The Methanol Economy [Olah et al,, Wiley, 2011] 

1.  Green methanol 
     from biomass 
     gasification 

2.  Green methanol 
     from renewable  
     electricity 

1. 

2. 
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This diagram shows how methanol production can play a role in a Carbon neutral cycle.
Lets look at this cycle starting at the bottom.
Firstly all kinds of biomass (eg wood, straw, pulp, waste etc.) can be gasified to make syngas and this can be converted to methanol. 
This methanol can be utilised to make traditional chemical products, or used as a fuel eventually forming carbon dioxide again, which goes into the atmosphere.
Then carbon dioxide is re-incorporated into biomass by the natural process of photo-synthesis using energy from the sun.
Secondly, carbon dioxide can be captured from various industrial processes into a pure, concentrated stream. 
Electricity formed from renewable energy, such as wind, solar, hydro, can be utilised to generate hydrogen.
The cycle is completed by reacting hydrogen with carbon dioxide to produce methanol.
I am going to look at the technology status for each of these processes further.
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Syngas from biomass gasification 

 

 

syngas 

  

• High yield – uses ‘not for food’ biomass/waste resources 
• Efficient power production 
• Building block for chemicals, fuels – e.g. methanol 
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Firstly – syngas made from biomass, or waste, gasification. 
This is where biomass is subjected to high temperatures with oxidant addition, as air or oxygen, sometimes also with steam.
It is different to combustion, where there is a large excess of oxidant, producing carbon dioxide and water.
It is like coal gasification, or natural gas reforming, in that there is only sufficient oxidant to partially oxidise the biomass and make a syngas product.
The process can convert nearly the whole content of the biomass feed, sugars, cellulose, lignin etc. This means that it can use ‘Not for food’ crops, or waste biomass materials and give a high carbon conversion to syngas, in contrast to other biomass conversion processes. For instance simple fermentation tends to use only sugars in the biomass.
The syngas can, and is already, being used for small scale distributed power production – however, in the future, it is evidently going to be an important resource for making green fuels and chemicals, such as methanol. 
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Gasification is a flexible process to convert a wide range of biomasses to 
syngas from which useful chemicals can be efficiently produced 

Oxygen, air, 
steam,  power 

Production and use of bio-syngas 
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Gasification is a flexible process to convert a wide range of biomasses to syngas from which useful chemicals can be efficiently produced. The syngas produced first needs to be purified to remove contaminants, or conditioned to give the right gas composition, before final catalytic conversion. 
These contaminants are either from the biomass source itself, or as a result of the gasification process. 
Examples of contaminants are aromatic tar compounds and sulphur from the biomass.  
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Review of technology for the gasification of biomass and wastes, E4Tech, June 2009 
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Low temperature gasifiers 
• Low pressure, inexpensive 
• Particulate feed 

 

High temperature gasifiers 
• High pressure, expensive 
• Powder feed – difficult for biomass 
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This diagram summarises gasifier technologies at different scales. 
Along the bottom axis is the gasifier capacity as tonnes of dry biomass input per day (on a log scale). 
Along the top is an approximate conversion into how much methanol could be made via syngas from gasification of this biomass.
As a general rule small scale gasifiers use fixed beds of biomass, mostly in downflow, sometimes upflow, with air, operating essentially at atmospheric pressure. These operate at lower gasification temperatures, such as 550-750C, and, as a result produce syngas with tars in it - also production capacity is too small for methanol. Generally these are being used to make syngas for distributed power generation.
The next scale up is generally fluidised bed gasifiers – these operate at atmospheric pressure, or up to 10 bar, and higher temperatures typically 700-900C, but the syngas still contains tars. Single train capacity is now sufficient for a small-medium size methanol plants with oxygen used for gasification.
For large scale production in a single train, entrained flow gasifiers would be needed, such as those used for coal dust– but these represent significant capital and operating cost due to many factors (eg (1) operation at high temperature needs a lot of oxygen, and (2) there is a real technical challenge in delivering the feedstock in a powdered form required to feed such gasifiers). However, the produced syngas at temperatures of >1000C is much cleaner in respect of tar content. 
Plasma gasifiers are a special case. They can produce higher temperature clean syngas at smaller scale, but the catch here is that extra energy input in the form of electricity is required for the plasma generation, which can push up operating costs.
In the short to medium term it will be low temperature gasifiers, which are available for biomass gasification and I will review the requirements for syngas and methanol production from these.  



  
Tars & aromatics  
• Downstream fouling and 
     poisoning 

• Equipment & catalysts 
• Downstream effluents 
• Represent loss of product 

 

On ‘dry’ and ‘N2’ free basis 
* + other contaminants 
halides, alkali metals , HCN 

 

 
Methane and light hydrocarbons 
• Represent loss of product 
• Represent inerts in downstream syngas  
        conversion processes 

 
Critical to convert (or remove) tars 
 
Highly desirable to steam reform  
Methane and light hydrocarbons  
For downstream conversion processes 

Syngas from low temperature gasifiers  

Component Unit 

CH4, C2+ 2-15 % 

CO 10-45 % 

CO2 10-30 % 

H2 6-40 % 

NH3 0.2 % 

C6H6/tars 1-40 
(0.009-0.37) 

g/Nm3 

(oz/scf) 

H2S* 20-200 ppmv 

Dust 0-10 
(0-0.93) 

g/Nm3 
(oz/scf) 

Temperature 550-900 
(1022-1652) 

°C  
(°F) 

Pressure 1-5  
(14.5-72.5) 

Bara  
(psia) 
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The table shows the wide range of gas composition which can be made by low temperature gasification on a dry and N2 free basis.
Notice 
The level of sulphur (and other contaminants) which must be removed prior to methanol synthesis
(2) The aromatic and tar content – which causes all the problems listed on the slide if it is present in cooling syngas
(3) The generally high methane content and associated disadvantages, which are also listed.

It is absolutely critical to convert or remove tars to get a viable process
This can be done by a scrubbing process, which is rather expensive, high temperature gas phase tar cracking or catalytic tar reforming.
It is also highly desirable to convert a large proportion of methane content to get a large uplift in the economics of methanol production. 



 
The amazing tar reformer 

+ 15H2O   9CO + 3CO2  
                    + 16H2 + 2CH4 
      650-850°C Anthracene 

• Coated, Shaped catalyst 
• High GSA, Low PD 

• Coated monolith catalyst 
• High GSA, Low PD 
• For dusty gas 

CH4+ H2O   CO + 3H2 
CO + H2O   CO2 + H2 
      800 - 1000°C 

Oxygen 

• Oxygen burner 
• Good mixing 
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This is where the Tar Reformer technology comes in. This is a reactor, which is positioned just downstream of the gasifier, after a cyclone or cyclone filter combination. 
In its simplest form it contains a fixed bed of coated, shaped catalyst pellets, which catalyse the reforming of tar molecules to useful syngas. This is an endothermic reaction, but the temperature drop is modest and the reaction can generally be accomplished without energy input.
Alternatively the catalyst could be presented in a coated monolith structure, where there is a dusty gas. This type of catalyst has been used in selective catalytic reduction (SCR) applications, where there is dust present.
Finally, if it is desired to convert methane, this can be carried out at higher temperature by combusting oxygen in the syngas in a manner similar to an auto-thermal reformer on a large gas-based methanol plant. This can be designed to raise the temperature enough to provide the heat needed for the highly endothermic methane steam reforming reaction. 
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Tar reforming catalyst 

Catalysis Today 214 (2013) 74-81,  
[Steele, Poulston, Magrini-Blair, Jablonski] 
 

             Advantages of PGM 
 

– Faster inherent kinetics 
– Slower sintering of metal crystallites 
– Much superior resistance to sulphur 
– Precision coating 

• Applies metal only where effective 
– Recovery and recycle of PGM 
– Regenerable 
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Johnson Matthey is developing a Precious Metal based catalyst for this application. Detailed discussion of this is beyond the scope of this presentation, but there are many advantages, which are listed. These combine to give a massive activity boost, compared to traditional Nickel catalyst – the graph shows an example of comparative performance on a syngas derived from oak gasification.

Perhaps the most important factor is the much higher resistance to sulphur adsorption inhibiting the reaction. 

One way the advantage can be realised is in running at a lower temperature eg 775-850C for methane reforming over precious metal, compared to 950-1050C for Nickel catalyst.
  



 

Methane conversion – oak derived 
syngas 

     

 
(1) Ni catalyst (~20% CH4 convn.) 
(2) PGM catalyst (80-85% CH4 convn.) 
T = 850-900°C  
H2S = 10-15 ppmv 
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PGM catalyst has stable 
Long-term performance 

NREL data unpublished – K. Magrini-Blair, W.Jablonski et al.  
PGM 
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Here is another example of comparative performance of Ni and Precious metal catalyst. This was in a pilot scale configuration with a nickel catalyst followed by a PGM catalyst, over about 150 hours at 850-900C. Again syngas feed is from gasified oak wood, containing sulphur.
It can be seen that the PGM catalyst provides steady performance at 80-85% methane conversion.
The Nickel catalyst bed was topped up on several occasions. Each time it was topped up the conversion briefly rose to 100% overall, then dropped back to the base-line conversion as it became poisoned by sulphur.




 
• Tar reforming in CHP 

– Market developing now 
– Typically smaller scale 
– 0.5 – 20 MWel 

JM tar reforming catalyst installed in Ecorel 1MWel biomass CHP plant 
  

Industrial application of tar reforming 
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After an extensive period of laboratory testing, the catalyst is now being installed in commercial gasifier sidestream and full stream units to further develop the application. These are mostly for tar reforming only at this point as this market for distributed CHP is growing now.

Here we can see an installation at a small biomass CHP plant (about 1MW electrical) in Italy, with 3 downdraft gasification trains and 3 associated tar reformers – one is seen in the left hand side picture here.





 
Methanol from bio-syngas 

Presenter
Presentation Notes
This slide considers the wider flow-sheet requirements for making methanol from biomass-derived syngas from low temperature gasification.
After the gasification and reforming, it is necessary to condition the gas to create the right gas composition (R ratio) for making methanol. This can be carried out using a high temperature shift or sour shift catalyst (according to sulphur content) and then removing sulphur and carbon dioxide, for instance by using amine wash. 
The syngas then needs to be compressed and passed through a guard bed to provide pure syngas for methanol synthesis.



 
Methanol from bio-syngas 

Import of hydrogen 
improves carbon  
efficiency 
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Alternatively, if there is a source of hydrogen available (eg from natural gas reforming or electrolysis) this can be added to the process to balance the syngas stoichiometry requirements, instead of shifting the syngas and removing carbon dioxide. This has the advantage of using all the carbon dioxide to make methanol, hence improving the carbon efficiency and capital productivity of the gasification and reforming equipment.



 
Methanol case study 

Catalyst Tar removal process Temperature Oxygen Methanol
°C MTPD MTPD

None Solvent washing n/a 0 1334
Nickel Tar & CH4 reforming 950 496 1760
PGM Tar & CH4 reforming 775 286 1877

Catalysis Today 214 (2013) 74-81, [Steele, Poulston, Magrini-Blair, Jablonski] 
 

• Basis - 4300 odtd wood feed & low temperature gasification 
• Flowsheet  

– Tar scrubbing comparison vs tar & methane reforming with Ni or pgm catalyst 
– Water gas shift and carbon dioxide removal 

• Tar and methane reforming delivers 30-40% more methanol 
80% methane conversion 

• PGM vs nickel catalyst 
45% less oxygen 
5-10% more methanol 
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Finally, here is a case study comparing the amount of methanol produced from wood gasification for different process flow-sheets. 
The base case assumes a low temperature gasification process with approximately 4300 organic dry tonnes per day (odtd) feed of wood, a scrubbing process (such as solvent washing) to remove tar, water gas shift and carbon dioxide removal.
The comparison cases assume replacement of tar scrubbing with tar reforming and methane reforming at 80% conversion with a Nickel or a PGM catalyst.
The reforming cases produce 30-40% more methanol. This is because of two reasons 
Methane is turned into useful, reactive syngas
Less methane, means less inerts, which reduce partial pressure of reactant in the methanol synthesis process.
Based on observed methane conversion rates, the Nickel catalyst tar reformer would have to run at a much higher temperature than the PGM tar reformer, therefore much more oxygen is required. The extra oxygen combusts hydrogen, so 5-10% less methanol is made using the Nickel catalyst. 



 
The growth of power from wind and solar 

Share of renewables in German 
electricity consumption 

The German Energiewende and its climate paradox – causes and challenges 
[Agora Energiewende, Graichen, Berlin] 

German power 
generation mix  
2013 
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I want to turn now to the production of methanol from renewable energy from wind and solar etc.
Wind and Solar power production has also been growing fast, particularly in Europe. See these slides for Germany in particular.
This shows the increase in proportional share of renewable energy content in electricity consumption over the last 15 years. 
It is now growing at >20% per year.
The pie chart shows what forms of renewable energy have been contributing. All forms are represented, with wind being the largest contributor.
 



 
Power balancing: the supply side  

Recreated from Rapid Response Electrolysis  [ITM Power, 2013, Hannover] 

• Grid balancing and stability problems occur  
     typically when share of renewables is >20% 
• This leads to curtailment of power 
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Each type of power production is characterised by its ability to respond as the power demand changes as well as its typical carbon footprint.                 
This comparison chart is reproduced from a presentation by ITM, a manufacturer of electrolysis equipment.
So, for instance – coal fired power production has a large carbon footprint, as we all know. The process also cannot be turned up and down quickly and is generally used for base load power production. Gas turbines also have a large carbon footprint but can be ramped up and down much faster in response to power demand swings. 

At the other end of the scale, renewable power production processes have a  small carbon footprint by definition. Some sources can be used to provide fast response to load changes, such as hydroelectric power. For others, such as wind and solar there’s no control at all possible!

When the share of these uncontrollable renewables rises to a significant fraction of the total power supply, typically 20%, then maintaining the grid frequency becomes more difficult and stability problems can occur.  This leads to the need to curtail renewable power production. The bizarre situation occurs where wind power producers, for example, are being paid not to produce power!
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       Power to gas  
       Hydrogen 

Electricity storage technologies 

• Power to chemicals/fuels (gas, liquids) is an  
    efficient, bulk energy storage process  

Recreated from Power to gas webinar  [ITM Power, 2014] 
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Electricity storage is being considered as a solution to this problem. Different types of electricity storage are available. These can be characterised according to their energy storage capacity (eg in MWhrs) and their time to discharge (in hours) – on this chart, again published by ITM.

At one end of the scale are flywheels and batteries. At the other end of the scale are chemical processes, whereby electricity is used in electrolysis to make hydrogen. The hydrogen can either be used in its own right, or it can be stored if this is feasible or it can be reacted into a useful product, such as synthetic methane, ammonia or methanol.  



 
Electrolysis features (PEM*) 

• Dynamically responsive (seconds) 
• Can be operated to provide H2 at high pressure  
• High efficiency, low temperature process  

• 75-80% of electrical energy used to split water 
• Now scaled up to 1-2MW modules 
• Projected costs (p/kWhr consumed) falling 

• Larger scale equipment 
• Increasing manufacturing capacity 

 
 

* Proton exchange/ polymer electrolyte membrane 
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Proton Exchange Membrane (PEM) Electrolysers are particularly applicable for this application
Features of using a PEM Electrolyser are listed on this slide



 
H2 from green power by electrolysis 

 

• Methanol synthesis from H2 and CO2 
• JM industrial experience 

• Purification of CO2 required 

 

Renewable 
or Fossil CO2 

* 
Methanol  
synthesis 
 

Wind 

Solar 

 

Electrolytic 
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This schematic shows the overall process. Excess renewable power is used to split water to make hydrogen. This is then combined with pure carbon dioxide to make methanol – JM has previously licensed processes based on carbon dioxide as the sole carbon source for the methanol.

Carbon dioxide can be sourced from streams already at a high concentration or it can be recovered from chemical processes or combustion flue gases. It is important that it is purified to remove contaminants, which would poison the methanol catalyst, such as sulphur.  



 
Methanol from renewable H2 and CO2  

• Technology requirements 
• Optimized designs and catalysts  

• Methanol from CO2/H2 only 

 
•   Flexibility/agility  

•  For fast load change 
•  High conversion over wide  
   operating range 

•  Reduced CAPEX for small scale 
•   10 – 100 MTPD methanol 
•    Skid mounting & miniaturization 

CRI methanol  plant   
[www.carbonrecycling.is] 

Carbon conversion for an agile loop 

Presenter
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As well as a requirement for efficient catalytic conversion of carbon dioxide and hydrogen, there are evidently other requirements.
As already mentioned the nature of renewable power is that it has an intermittent pattern, with rapid swings in power availability.
JM has been working to produce a dynamic or ‘agile’ loop design, which can respond to such changes and has a high carbon conversion across the full operating range.
Clearly, there is also a need to use engineering techniques, such as skid mounting and miniaturisation, to maximise capital expenditure productivity at small scale.
The picture on the right is the CRI methanol plant in Iceland for which JM provided the methanol technology license. 



 
Summary 

• Low carbon energy and fuels continue to be a key 
requirement for 2020 sustainability targets and beyond.  

• Technologies to produce green power, fuels and 
chemicals are developing  
• From renewable power via electrolysis and carbon dioxide 

recovery  
• From biomass-derived syngas. 

• Johnson Matthey is developing catalysis & technology  
• In bio-syngas purification and conditioning 
• For methanol production from renewable power  
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