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Introduction: 
Doing good 
by doing well

For corn wet millers, doing good 

is no longer a choice. Pressure is 

growing from all sides, with 

customers, investors, regulators 

and policy makers all demanding 

commitments on sustainability. 

Consumers’ expectations are also 

rising. They’re becoming increasingly 

aware of environmental footprinting 

and demanding sustainably 

produced ingredients. FMCG 

companies are responding to that 

demand with initiatives such as 

Unilever’s planned carbon labelling 

scheme1. All this is putting companies 

under pressure to set and achieve 

measurable sustainability goals. 

Starch producers are stepping up 

to the challenge. They’re making 

ambitious commitments to reduce 

Greenhouse Gas (GHG) emissions 

and energy intensity as well as 

increasing landfill diversion rates 

by reducing waste. 

These commitments are mirrored 

by industry bodies. In the US, the 

Corn Refiners Association’s five 

climate change policy principles 

guide industry advocacy to 

ensure a more sustainable future 

for corn refining, agriculture, 

and consumers2. 

And in Europe, the regional 

industry association Starch 

Europe fully supports the EU 

Green Deal objective of achieving 

carbon neutrality by 20503.

When it comes to following through 

on these commitments however, 

corn wet millers face a greater 

challenge than many industries. 

Doing well has never been a choice 

in this highly competitive segment. 

For most starch producers, 

their greatest input costs is their 

agricultural raw material and the 

energy consumed in processing it. 

So for decades they’ve been 

optimizing their processes to get 

the very most from their raw 

materials and reduce their energy 

consumption. That means that 

today, the most they can hope 

for within their current process 

is marginal sustainability gains. 

And even the marginal 

sustainability gains achievable in 

current processes usually have 

associated costs that can 

compromise their ability to do well. 

In this new landscape where doing 

good is just as important as doing 

well, many corn wet millers are 

discovering a way to do both. By 

taking a completely new approach 

to the separation process, they’re 

boosting starch yields so they can 

meet production targets with less 

corn. Through more sustainable 

starch production, they’re ensuring 

sustainable profitability. Profitability 

that will help them survive and 

thrive well into the future. 

Sustainable starch production, sustainable profitability
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“Even the marginal 
sustainability gains 
achievable in 
current processes 
usually have 
associated costs 
that compromise 
starch producers’ 
ability to do well”



About 
this paper

This white paper aims to summarize the findings 

of a life cycle assessment (LCA) that assesses the 

environmental impacts of adding enzymatic 

separation to the corn wet milling process. It also 

compares those to the environmental impacts of 

conventional corn wet milling4. 

The LCA study is based on the results of full-scale 

trials of Frontia®, an enzymatic separation technology, 

conducted in an industrial corn wet mill in 2019. 

The study’s functional unit is one metric ton (MT) 

of commercial corn, reflecting the unit typically used 

by corn millers. 

The study demonstrates that adding Frontia® to 

mechanical separation allows corn millers to do 

good by doing well. 

Its findings show that this revolutionary approach 

delivers significant sustainability savings by:

• enabling higher starch yields from the same input  

 of commercial corn, so some corn milling 

 – and associated emissions - can be avoided 

• significantly improving dewatering, so the use of 

 fossil-fuel-based steam for fiber drying 

 – and associated emissions - can be reduced

These sustainability gains lead to bottom line 

savings in the form of:

• reduced corn inputs and associated corn costs

• reduced drying needs and associated costs

To help clarify the findings of the LCA,

this white paper will explain:

• the environmental impact of conventional 

 corn wet milling 

• how enzymatic separation works, and how it   

 supercharges separation efficiency 

• how this improved efficiency allows wet millers 

 to significantly reduce the environmental impact  

 of corn wet milling 

Assessing the environmental impact of adding 

enzymatic separation to corn wet milling
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“The main 
environmental 
impact of corn 

wet milling is 
global warming.”
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The environmental 
impact of conventional 
corn wet milling
Global warming

The LCA study included 14 environmental impact 

categories. Overall, the result showed that corn wet 

millers can potentially improve in all environmental 

impacts by applying Frontia®. The main environmental 

impact was found to be global warming. According 

the LCA model, GHG emissions of approximately 900 

kg CO₂ equivalents are associated with conventional 

processing of one ton of corn.

Corn cultivation results in emission of the greenhouse 

gasses: N
2
O (nitrogen dioxide) and CO

2
 (carbon dioxide) 

from fertilization, field work and land use changes. 

In the corn mill, starch, protein and other components 

are separated from the corn kernel. This involves a 

series of processing steps. 

The most relevant steps to the addition 

of enzymatic separation are:

• corn steeping in water to loosen the matrix of   

 starch and protein 

• separation of starch from the corn fibers 

• subsequent dewatering and drying with steam

Decades of optimization have made these steps 

as efficient as they can be within conventional 

mechanical separation processes. But they are still 

energy intensive, relying heavily on the production 

of steam and electricity based on fossil fuels. 

That’s makes them a key contributor to the GHG 

emissions associated with conventional corn milling. 

After corn cultivation, steam and electricity 

espectively are the two largest sources of CO
2
 

emissions from conventional starch production.

“Corn cultivation 
results in emission of 
the greenhouse gasses: 
nitrogen dioxide 
and carbon dioxide”



The efficiency of 
conventional 
corn wet milling

As well as having a high environ-

mental impact, conventional corn 

wet milling delivers less-than- 

optimal efficiency. It leaves starch 

and protein bound in the fibrous 

cell walls, as shown in microscopic 

observations (figure 1). 

Conventional mechanical 

separation also leaves significant 

moisture levels trapped in the 

corn fibers. This reduces drying 

capacity, which contributes to 

bottlenecks. 

Trapped yields and plant bottlenecks
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FIG. 1 — MICROSCOPIC IMAGE OF CORN FIBER WITHOUT ENZYME TREATMENT



Even well-milled corn fibers bind 

starch protein and water after 

mechanical separation. Enzymatic 

separation using Frontia® and 

a patented process technology 

allows fiber modifying enzymes 

including cellulase and xylanase to 

break down the corn fiber network 

more completely. That leads to 

significantly improved separation, 

with more starch, protein and water 

released from the corn fibers. This 

process is illustrated in figure 2. 

The microscopic observations 

below show that - compared with 

figure 3 which shows the results 

of conventional mechanical 

separation - the fibers are broken 

and bound starch, protein and 

water are released.

The full-scale trials showed that 

adding enzymatic separation with 

Frontia® to conventional separation 

led to a 0.74% increase in starch 

output (dry matter) from the same 

amount of commercial corn. That 

translates to 4.5kg (~10lbs) of 

additional starch per MT of corn.

How enzymatic 
separation works
Supercharged separation efficiency
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Corn fiber network after 
mechanical seperation

Enzymes

Corn fiber network after 
mechanical and enzymatic seperation

  Starch   Protein   Water

FIG. 2 — ENZYMATIC SEPERATION

FIG. 3 — MICROSCOPIC IMAGE OF CORN FIBER TREATED WITH FRONTIA®



Adding Frontia® enzymatic separation technology to mechanical milling 

reduces GHG emissions through two key changes:

• avoided corn starch production 
• reduction in steam consumption for drying of corn fibers

It’s reasonable to assume that by allowing corn starch production to be 

avoided, Frontia® also has the potential to reduce waste generation.

Corn starch production avoided

The LCA assumes that optimization of corn milling with application of 

Frontia® does not affect the starch market, i.e. the demand for starch 

remains unchanged. In that case, the additional 4.5kg of starch per 

MT of corn gained through the use of Frontia® means the emissions 

associated with 4.5kg of starch production can be avoided. 

Producing 4.5kg (~10lbs) of starch in conventional milling takes 

approximately 7.5kg (16.5lbs) of corn, 5.5kg (12lbs) of steam and 

1.4MJ (0.4KWh) of electricity. The LCA showed that the combined 

emissions saving from avoiding all these inputs is equivalent to 6.7kg 

CO
2
-equivalents per MT (~39 bushels) of commercial corn. 

Doing good
The environmental benefits of enzymatic separation
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Negative value
Saving

Positive value
Induced impact

kg CO2-eq

20 -10 50-15 -5 10 15

-6.7Avoided conventional 
corn milling

Total -9.0

-16.5Steam saved for 
fiber drying

Steam induced for 
CSL drying

10.1

Induced animal 
feed energy

3.2

0.87Frontia dosage

*Numbers are rounded

FIG. 4 — CHANGES IN CORN MILLING PROCESS WHEN USING FRONTIA®
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Steam consumption reduced

The use of Frontia® leads to a number of changes in the corn milling 

process. The most significant is reduced steam consumption, which 

is a result of its dewatering effect. The LCA showed that less steam was 

needed for fiber drying. That led to a saving of 16.5kg CO2-equivalents. 

That saving needs to be balanced against the steam needed for additional 

drying of the corn steep liquor (CSL), the animal feed energy needed to 

compensate for the loss of starch to animal feed and the emissions

associated with the production of Frontia®, as shown in figure 4. Taking 

these into account, the CO2-equivalent savings from using Frontia® far 

outweigh any CO2-equivalent increases. 

The combined impacts of adding Frontia® to conventional separation 

saves 9kg CO2-eq per MT of commercial corn. 

Other studies have demonstrated higher starch yields, enabling fiber 

moisture – and associated steam drying needs - to be reduced even 

further. In such cases the reduction in global warming could amount to 

approximately 16kg CO2-eq per ton of commercial corn processed.

Just as the additional 4.5kg (10lbs) of starch per MT of corn gained through 

the use of Frontia® allows corn wet millers to reduce GHG emissions, it 

also has the potential to help them avoid the waste associated with such 

production. That may in turn lead to increased landfill diversion rates.

1
MT

KG CO2-EQ
-9

COMBINED IMPACT:

*Numbers are rounded



The full-scale trials on which the LCA 

is based showed increased starch 

output withFrontia® compared to 

conventional mechanical milling. 

On average the starch yield increase 

was 0.52% based on dry matter. 

This translates to 4.5kg extra starch 

per ton of commercial corn 

processed. Other full-scale trials 

have demonstrated starch yield 

increases of up to 1%.

As shown in figure 5, significant 

reductions in bound starch in fiber 

after the introduction of Frontia® 

are a key reason for the increased 

yields.  

The trials also showed that the 

dewatering effect of Frontia® 

led to drying cost reductions 

of 25%. This effect is shown in 

figure 6.

Another bottom-line benefit was 

de-bottlenecking. Using Frontia® 

increases drying capacity. The

LCA demonstrated that these 

debottlenecking effects led to grind 

capacity increases of 10%.

Doing well
The bottom-line benefits of enzymatic separation 
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FIG. 5 —  STARCH CONTENT OF FIBERS FULL-SCALE TRIALS (AVERAGE DATA)

FIG. 6 — FIBER MOISTURE DATA COLLECTED AT FULL-SCALE TRIALS
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Sustainability 
gain measurements 
made easy 
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Frontia® value calculator

The demand for sustainably 

produced ingredients is putting 

starch producers under pressure 

to set and achieve measurable 

sustainability goals. Measuring 

sustainability wins can be a 

complex and time-consuming 

task, however. 

The Frontia® sustainability 

calculator is a simple, efficient 

way to find out how individual 

mills could benefit the planet 

and their bottom line by using 

Frontia®. It allows corn wet 

millers to translate savings 

in CO
2
 and energy and starch 

yield improvements into 

quantifiable contributions to 

corporate sustainability and 

profitability goals.

Try the calculator at:

grainmilling.novozymes.cloud
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“For corn wet 
millers, doing 

good is now 
as important 

as doing well. 
With Frontia®, 

they can 
do both.”



Conclusion 
Doing good by doing well with Frontia®
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Frontia® is a revolutionary technology that supercharges separation 

efficiency. It shrinks corn mills’ CO2, waste and energy footprints by 

generating higher starch yields and freeing more water from co-products. 

The result is that they can make sustainability savings by meeting 

production targets with significantly less corn. They can also reduce 

equipment needs and - by reducing waste - potentially increase landfill 

diversion rates.

And with the Frontia® sustainability calculator, corn millers can translate 

CO2 and energy savings achieved into easily measurable contributions 

to corporate sustainability goals.

Frontia® allows corn wet millers to comply with ever-tightening 

regulations and meet the rising demand for sustainably produced 

ingredients. All while avoiding the costs typically associated with 

sustainability gains. 

For corn wet millers, doing good is now as important as doing well. 

With Frontia®, they can now do both. 
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