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Background information on the 
renewable materials area 

• The focus in the renewables area seems to be 
shifting from fuels to renewable chemicals due to 
low oil prices and the potential of electrics

• Chemical markets should be easier to enter based 
on lower volumes and higher valued products

• Conversion processes to make chemicals from 
renewables are more difficult

• Adoption of new performance based materials is 
slow



http://www.bioeconomyconference.org/images/Schlaf_Polyol_Iowa_BioConference_2007.pdf

The chemicals market has almost as much 
value as fuels



The global renewable chemicals market will reach $84.3 billion by 
2020, up from $49 billion in 2015, growing at a CAGR of 11.47 

percent

http://www.environmentalleader.com/2016/01/04/can-bio-based-chemicals-improve-products-performance-and-sustainability/

The renewable chemicals market is rapidly 
growing

Alcohols accounts for more than 80 percent of the renewable chemicals market

Biopolymers constitute the second-major segment with over 5 percent of the 
overall renewable chemicals market

Starch blends constituted the largest share in biopolymers with 33.9 percent in 
2014, in terms of value, followed by bio-polyethylene (PE). Bio-polyethylene 
terephthalate (PET) is projected to register the highest CAGR of over 15 
percent during the forecast period.

It is still a small portion of the total petrochemicals market and it 
would be much smaller if ethanol was listed as a fuel



http://www.cultivationcorridor.org/assets/pdf/Iowa-Biobased-
Chemicals-Full-Report.pdf

Commercial stage Not yet commercial

A range of renewable chemicals is being 
developed; mostly glucose based



There are problems to be overcome to 
grow the use of renewables

Most products are used based on performance
However converting renewables to current products is 
more difficult than converting oil based raw materials
Oil based molecules start with reduced carbons while 
renewables start with more oxidized carbon
We are really making the wrong performance products 
when starting with renewables
However, it takes time to demonstrate the performance of 
new products in existing markets for example polylactic acid 
polymers



The general lack of chemical processing experience 
makes it more difficult to use renewables
New approaches for catalysts, reaction routes, 
separation systems, and operating strategies are 
needed for the efficient processing of renewable 
starting materials

We need to grow the technology base for making 
renewables

There are problems to be overcome to 
grow the use of renewables



High processing cost and complex manufacturing processes may hinder 
renewable chemicals market growth in long run. Some renewable alternatives 

to existing petrochemicals have been priced extremely high as compared to 
their synthetic counterparts.

http://www.grandviewresearch.com/industry-analysis/renewable-chemicals-market

These problems are important since from market reports, 
the key obstacle for renewables is competitive pricing

The availability of low cost starting materials 
and the use of new technologies will reduce 

costs and grow the use of renewables

Demand for sustainable products will help but generally 
that demand does not support a significant price premium



Corn starch is an ideal starting material 
for renewable chemicals production

It is low cost, clean, available in large volumes 
and easily converted to glucose
As noted in Europe, its use is also insurance 
against global crop failures as it can be rapidly 
migrated, in the same growing season, to uses in 
the food chain
In a more general sense, the use of corn starch 
promotes the use of corn stover for even greater 
long term efficiencies in the use of renewables



Inflation adjusted price is expected to 
continue dropping due to increasing yields



DOI: 10.1039/c3gc41431k

www.rsc.org/greenchem

Glucose undergoes many reactions that, if properly 
controlled, can be used to make valuable chemicals

This is not nearly all the chemical conversions of 
glucose that are possible



http://www.prnewswire.com/news-releases/monoethylene-glycol-meg-market-is-expected-to-reach-us-4085-billion-in-2023-
transparency-market-research-526309411.html

A valuable molecule that can be made from 
glucose is Ethylene glycol, EG

Ethylene glycol is an over $27 billion/yr 
product with sales of over 24,000 kilo 
tons/yr and sells for about $0.50/pound.  
The market is growing at  over 6%/yr

It is currently made by adding water 
to ethylene oxide made from ethylene 
made from oil or natural gas

One renewables route cracks 
ethanol to ethylene and uses the 
traditional route

Markets for EG

A new more efficient process is 
needed to grow the market



Find the barriers to production and remove 
them to intensify the process, usually new 

equipment approaches to significantly increase 
production with lower capital costs. This is not 

just optimization but utilization of new 
processing approaches

Process intensification is used to improve 
process efficiency

Should be done in the development 
phase before plant construction



Designing an intensified process

• Remove barriers to production such as mass and heat transfer; 
better mixing and heating

• Improve process integration through the use of continuous 
processing and recycling  

• Use of enhanced catalyst efficiency

• Use of enhanced separations e.g. membranes and SMB

• Reduce the number of unit operations by combining steps like 
synthesis and separations as noted below

• Use of cascade concepts; multistep reactions without 
intermediate separations; Step costs 5 cents/lb and yield 
loss grows, 5 steps at 80% yield = 33% overall, more waste



Zhang et. al. DOI 10.1002/aic. 14554 + 6 issued US patents

A cascade process for EG where multiple reactions 
can be done with no separation of intermediates

1 mole of glucose 
gives 3 moles of EG

Retro Aldol
followed by 

hydrogenation

Optimizing the reaction is key



Oohms et. al.DOI: 10.1039/c3gc41431k

The way the reaction is done makes a big 
difference; batch versus fed batch 

Impurities from the 
different reaction 
pathways are present

Understanding the origin of 
the impurities can be used 

to reduce them

Similar yield as 
ethanol from glucose



Oohms et. al.DOI: 10.1039/c3gc41431k; 

Very different activation energies for the reactions means a careful 
choice of reaction temperature can be used to improve yields

Mass balance

Sorbitol

EG

Optimization of 
temperature and 
other parameters 
gave them a 50% 

yield with 
reasonable rates



Zhang, DOI 10.1002/aic.14630, AIChE Journal

Multiple operating parameters need to be optimized to 
implement a process based on this reaction path

Dual catalyst design and concentration
Hydrogen pressure
Feed rates and concentrations
Temperature and general process design

Multiple reaction pathways make it more difficult to 
optimize cascade reactions

Example of a significant 
problem with this 
cascade reaction



Separating the reaction steps 
dramatically improves the process

Using a first zone for the retro aldol
reaction followed by a second zone for the 
reduction reaction significantly improves 

the selectivity to ethylene glycol while 
increasing throughput



• Selectivity to ethylene glycol is typically at 

least 60%

• Selectivity to propylene glycol, PG, is 

between 3-4%; This is important as 

hydrogenolysis typically gives significantly 

more PG than EG

• Feed concentrations are at least 30%

• Reaction rates are surprisingly fast

Patent application submitted and allowed; 20150329449; PROCESS FOR THE CONTINUOUS 
PRODUCTION OF ETHYLENE GLYCOL FROM CARBOHYDRATES

Current operating characteristics achieved 
after hundreds of experiments

http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&co1=AND&d=PG01&s1=chrisman.IN.&OS=IN/chrisman&RS=IN/chrisman
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&co1=AND&d=PG01&s1=chrisman.IN.&OS=IN/chrisman&RS=IN/chrisman
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&co1=AND&d=PG01&s1=chrisman.IN.&OS=IN/chrisman&RS=IN/chrisman
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&co1=AND&d=PG01&s1=chrisman.IN.&OS=IN/chrisman&RS=IN/chrisman
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=/netahtml/PTO/search-bool.html&r=1&f=G&l=50&co1=AND&d=PG01&s1=chrisman.IN.&OS=IN/chrisman&RS=IN/chrisman


Distillation is difficult for the separation of 
the reaction components

Simulated moving bed chromatography, SMB, 
works for product separation.  The product 

specification for polymer grade is 99.8% purity



Conclusion

A new high efficiency process has been 
developed for the conversion of glucose 

to polymer grade ethylene glycol


