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China’s 

2030/60 
climate pledge

A shift from pollution-
centered to carbon-
centered development 
model.

Introduction

As the world’s population grows, the demand for various food products is growing likewise.

Starch is the storage energy of plants and can be found in cereals, tubers, roots and other plants. Corn 
is the major raw material for production of starch. Corn starch is separated from the corn kernels in corn 
mills and can be further converted into sweeteners and ingredients for a wide range of consumer foods 
and beverages, feed and industrial uses.

The U.S. is the largest global producer of corn and its derivatives, and China is the world’s second 
largest corn producing country with an annual production of about 250 million tonnes of corn 
(FAOSTAT, 2019), where about 50 million tonnes are used for the starch industry.

Sustainability challenges have been discussed for decades without any major impact on the global 
economy. In recent years, however, sustainability has become a serious business issue. Customer 
demand, investor focus, policy and regulatory changes, increasing consumer awareness are some of the 
factors that are pushing industries to rethink their overall sustainability impacts. Like every other 
industry around the globe, corn millers are expected to do their part.

The Chinese call for greener solutions
China, as the world’s largest greenhouse gas (GHG) emitter accounting for 28% of GHG emissions (IEA, 
2018), set an ambitious climate target for the first time. President Xi Jinping announced on the UN 
General Assembly the September 2020: “We (China) aim to have CO2 emissions peak before 2030 and 

strive to achieve carbon neutrality before 2060.” It is also called China’s 2030/60 climate pledges and it 
was widely welcomed around the globe as the most important commitment since the 2015 Paris 
Agreement. 

China’s 2030/60 climate pledges also imply a shift from a pollution-centered development model to a 
carbon-centered development model. Being the first Five-Year-Plan (FYP) since China committed to 
carbon neutrality, the 14th FYP (2021-2025) will shape the roadmap for China’s climate pledges. A 
series of measures have been considered and will be implemented in the 14th FYP period, including to 
increase the ratio of renewables in the primary energy mix to above 20%; to continuously decrease 
energy consumption and CO2 intensity per unit of GDP by 13.5% and 18% respectively; and to increase 

the forest coverage rate to 24.1%. 

The successful achievement of China’s climate pledges requires a systematic change of all industries, 
including grain milling. Although the grain milling industry ranks lower in all sectors’ climate 
contribution, it is still facing challenges, e.g., the volatile price of raw materials, and a stricter energy 
limit and GHG emission cap in national and provincial levels. We see that many grain millers have 
invested financial and human resources in carbon assets management and carbon reporting, and we 
also see many grain millers have been included in the mandatory carbon traders list released by MEEP 
early 2021. Obviously, China’s grain milling industry has started to take more actions to reduce its GHG 
emissions and tackle climate change.

Looking ahead, the challenge for Chinese corn millers is to produce more starch to meet growing 
demand while at the same time continuously reducing the environmental footprint of their starch 
product. Adding to this challenge, traditional corn milling has reached its limits, and the miller needs to 
find new ways to secure business.
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The study
This white paper aims to demonstrate how enzymes can help corn millers produce more starch and at the 
same time reduce their environmental footprint. 

First, we will explain how conventional corn separation works. Secondly, we will explain how fiber 
modifying enzymes work, and how they can add to the corn wet milling separation efficiency. Finally, 
we will investigate the environmental impact of this improved separation efficiency. 

Conventional corn separation
The flow diagram in Figure 1 illustrates in a simple way the overall corn starch system. 

Corn cultivation results in emission of the greenhouse gasses: N2O (dinitrogen oxide) and CO2 (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.

The corn mill involves a series of processing steps. Here only the very most important are mentioned to 
be able to understand the changes that happen when enzymes are applied. The first step is corn 
steeping in water to loosen the matrix of starch and protein. Further on in the process, the starch is 
separated from the corn fibers in the fiber separation step. The fibers are subsequently dewatered and 
dried with the use of steam. Steam production is typically based on fossil fuels resulting in emission of 
CO2. The steepwater (corn steep liquor, CSL) is sprayed to the extent possible on the fibers, and the 

dried fibers form the by-product corn gluten feed (CGF), which is used as animal feed ingredient 
primarily for ruminants. Next the protein is separated further from the starch and forms the second 
animal feed by-product called corn gluten meal (CGM), which typically is used as feed ingredient for 
chickens and piglets.

Figure 1. 
Illustration of the corn 
starch system
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Fiber-modifying enzymes

For centuries, mechanical milling has been optimized to secure the highest possible yield of starch. However, 
not all starch and protein are separated in conventional corn milling, because it is bound in the fibrous cell 
walls. Fiber modifying enzymes such as cellulase and xylanase modify the corn fiber network, enabling a 
more optimal separation with more starch, protein and water to be released from the fibers. This is 
illustrated in Figure 2 below and microscopic observations are illustrated in Figure 3.

Thus, application of enzymes enables an optimization of the corn milling processes and more optimal 
separation of the different components in corn, and thereby increases the value of both the main products 
and the by-products.

Novozymes launched the enzymatic solution Frontia® Fiberwash in 2016 to markets in Europe, the U.S. and 
India. This solution has been further developed and launched to the Chinese market in 2019 as Frontia® 
Jade.

Conventional corn milling 
No enzyme control.

Fiber residues

Application of enzymes

Figure 2. 
Illustration of how 
fiber- modifying 
enzymes act.

Figure 3. 
Histochemistry of corn 
fiber with and without 
enzyme treatment 
(blue=fibers; red=protein 
and purple=starch). The 
microscopic pictures 
illustrate that the fibers are 
broken, and bound starch 
and protein is released.
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Improved corn mill separation with enzymes

We have conducted full-scale trials in China to test corn milling separation with enzymes. Several 
benefits were observed in these trials. 

The full-scale trials showed increased starch output compared to mechanical milling without enzymes. 
On average the starch yield increase was 0.52% (based on dry matter). Figure 4 below explains why the 
starch yields were increased; Total starch in fiber and bound starch in fiber were measured before 
testing (baseline) and after testing at different enzyme dosages. A significant reduction in bound 
starch in fiber contributes to increased yields. 

Figure 5. 
Fiber moisture data 
collected at full-scale trials.

Figure 4. 
Starch content of fibers 
observed at full-scale trials 
(average data). Total starch 
(green bars) and bound 
starch in fibers (black bars).

In addition, the fiber moisture was reduced when Frontia® Jade was applied which is illustrated in Figure 5. 
This improved dewatering of the fibers, and thereby steam for fiber drying could be saved. 

(%DM)
Total starch in fiber 
Bound starch in fiber



8 A white paper by Novozymes A/S

0

34

41

53

59

0

10

20

30

40

50

60

70

Baseline 0.10 0.13 0.15 0.18

A
d

d
it

io
n

al
 C

S
L 

sp
ra

ye
d

 o
n

 fi
b

er
(%

)

Frontia® Jade dosage (kg per tonne corn)

In conventional Chinese corn milling typically only 1/3-1/2 of the CSL is sprayed on the fibers for the 
CGF meal due to technical dryer limitations (e.g. dark color of CGF after drying, CGF sticks to tube due to 
high viscosity). The increased separation of starch and water from the fibers enabled more (CSL) from 
the steeping process to be sprayed on the fibers for the fiber meal: (CGF), as illustrated in Figure 6. The 

moisture of CSL is, however, higher than the CGF product, and steam is therefore needed to dry this 
extra CSL spray. Still, a net saving of steam was obtained.

Figure 6. 
Additional (CSL) spray on 
fibers with Frontia® Jade.

Overall, our full-scale trials showed that the mill capacity was improved by removing potential 
bottlenecks e.g., shortening steeping time, improving tube bundle driers’ processing capacity. 
Therefore, it could help corn mills improve grind capacity, and reduce fixed cost per unit e.g. labor cost, 
depreciation.

Reducing the environmental footprint 

A life cycle assessment (LCA) study has been conducted to assess the potential change in 
environmental impacts when Frontia® Jade is applied in corn wet milling in China compared to 
conventional corn milling (Gernaey B., 2021). 

LCA is an analytical tool which can be used to assess and document potential environmental impacts 
by addressing all processes in the value chain from so-called cradle to grave. The study was conducted 
according to the principles of the ISO 14040/44 (2006) standard for LCA studies, including a third-party 
critical review.

The study was based on general operational data and data from full-scale Chinese trials. In addition, 
data from production of Frontia® Jade was included based on Novozymes’ production recipes. 
Environmental changes when Frontia® Jade is used.

The results of the full-scale Chinese trials in this study showed that Frontia® Jade enabled 4.5 kg extra 
starch per tonne of commercial corn processed. This corresponds to an increased starch yield of 0.52% 
(based on dry matter. 
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Figure 7 below illustrates the potential environmental changes when Frontia® Jade is used. 
Increased starch output overall means that Chinese millers can reduce the need for conventional corn 
milling to produce the same, and thereby can reduce emissions from corn cultivation and milling. This 
transfer of starch from the fibers to food applications results in less starch to the animal feed. 
Also, increased CSL spray may increase the protein content of CGF slightly. Thus, the application of 
Frontia® Jade may change the nutritional balance of the animal by-products. When seen in a holistic 
life cycle perspective, the animal feed producers may need to adjust the starch and protein sources to 
keep the animal feed specifications unchanged. This will ultimately result in more emissions from crop 
cultivation for animal feed.
Reduced fiber moisture enables steam to be saved, resulting in a need for less fossil fuel for steam 
production and thereby less emissions.
Summarizing, the main changes from an environmental point of view are:

• Increased starch output, which reduces the need for conventional corn milling to produce the same
• Changes in steam consumption for fiber- and CSL drying
• Induced alternative animal feed sources
• Induced impact from production of Frontia® Jade

Figure 7. 
Illustration of the 
environmental changes 
when Frontia® Jade is 
used. Green lines indicate 
that the material stream 
is increased and red lines 
that the material stream is 
decreased.
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Results
The LCA study included 14 environmental impact categories. Overall, the result showed that Chinese 
millers can potentially improve in all environmental impacts by applying Frontia® Jade. 
The main environmental impact of importance was found to be global warming. According to our LCA 

model, the greenhouse gas emission is approximately 900 kg CO₂-equivalents to process one tonne 
of corn in China. The results of the LCA study, to assess the change in greenhouse gas emission when 
Frontia® Jade is used, showed that the potential reduction in global warming which  the Chinese millers 

can get is approximately 9 kg CO₂-equivalents per tonne of commercial corn processed in the corn mill, 

equivalent to 13 kg CO₂-equivalents per tonne of commercial starch produced. 

The results are illustrated in Figure 8 below. The reduction in global warming is primarily caused by (1) 
the increased starch output which means that the need for conventional corn milling is reduced, since 
we can produce more starch with the same input of corn, and (2) a net reduction of steam driven by 
steam saved for fiber drying. 

This saving corresponds to overall 1% lower global warming impact from corn milling with application of 
Frontia® Jade. 

The induced impact from production of Frontia® Jade account for about 10% of the savings.

Figure 8. 
The change in contribution 
to global warming (quan-
tified as CO2-equivalents) 
with application of Frontia® 
Jade per one tonne of 
commercial corn processed. 
Negative values indicate 
savings and positive value 
indicates induced impact.

Negative value
Saving
Positive value
Induced impact

Numbers are rounded

The presented LCA study was based on a starch yield increase of 0.52 %. However, it is our experience 
from other Chinese full-scale trials that the starch yield may increase up to 1% depending on 
conditions, which also enable fiber moisture to be reduced even further and thereby results in more 

steam. In such cases the reduction in global warming could amount to approximately 16 kg CO-eq per 
tonne of commercial corn processed or 22 kg CO-eq per tonne of commercial starch produced.
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Potentially result in a 
reduction greenhouse 
gas emission by

450.000 T
CO-equivalents. 

Summary: Strengthening business by improving margins 
and reducing environmental footprint

Forward-looking wet millers will remain competitive if they strengthen their business both by improving 

margins and by reducing environmental footprint. 

Chinese full-scale trials demonstrate that Frontia® Jade delivers increased starch yield by up to 1 %, 
fiber drying cost reduction by 25%, CGF output increase by 20%, and grind capacity increase by 10% 

through bottleneck mitigation. For a Chinese corn wet mill, these benefits translate into less direct 
costs and improved margins.

Frontia® technology can potentially help to reduce GHG emissions, energy, water and waste 
generation. With our third-party reviewed Frontia® Jade LCA model, it is possible to quantify the 
potential environmental savings. This allows Chinese corn wet millers to quantify and document the 
potential major reduction of the environmental footprint of their starch production. 

By using Frontia® Jade, and thereby reducing their global warming impact by 1%, the Chinese corn 
millers can actively contribute to the sustainability goals set by the Chinese government - a major push 
driven by the ambitious 2030 climate targets. In the present context, if applied to all corn milled in 

China, Frontia® Jade could potentially result in a reduction of greenhouse gas emission by 450,000 
tonnes CO-equivalents. 

Thus, to meet their sustainability goals, corn wet millers must act now to reduce their footprint. 
Cutting GHG emission with 450,000 tonnes CO-equivalents is a step in that direction. 

Moreover, Frontia® Jade is registered on the China positive list for food enzymes. This means it can 
be used as a documented food enzyme, produced in a document production process, and is therefore 
compliant with the Chinese food production regulations.

To sum it up, only with Frontia® Jade, is it possible to have documented margin improvements, 
quantified sustainability improvements and documented food safety compliance. All of this will help 
corn wet millers stay competitive both in terms of profitability and sustainability in the future Chinese 

market.

Cut corn fiber drying cost by 
25% through better 

dewatering

Increase starch output by
~%1 via starch in 

iber releasing

Increase corn gluten feed 
yield by 20% through 

spraying more corn steep 
liquor to fiber

Improve grind capacity by 
10% due to bottleneck 

mitigation

Figure 9. 
Value proposition of 
Frontia® Jade.
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About Novozymes 
Novozymes is the world leader in biological solutions. Together with customers, partners and the 
global community, we improve industrial performance while preserving the planet’s resources and 
helping build better lives. As the world’s largest provider of enzyme and microbial technologies, 
our bioinnovation enables higher agricultural yields, low-temperature washing, energy-efficient 
production, renewable fuel and many other benefits that we rely on today and in the future.  
We call it Rethink Tomorrow.

The present white paper has been prepared in collaboration between Novozymes’ Household Care Application Research Team, Household Care Marketing 
Team and Corporate Sustainability Team. Copying and citing from the document with proper reference to the source is permitted.
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