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Cellic® CTec2 and HTec2 Enzymes for hydrolysis of
lignocellulosic materials
Conversion of lignocellulosic biomass to ethanol
involves the liberation of sugars from biomass
feedstocks. These materials are composed of three
major fractions: cellulose, hemicellulose, and lignin.
Cellulose and hemicellulose contain sugars in
polymeric form that can be converted by enzymes to
fermentable monomers for subsequent fermentation.
The lignin component, however, protects the
cellulose and hemicellulose against microbial and
enzymatic attack. Hence, the use of lignocellulose as a
raw material requires a physical or chemical
pretreatment in order to render the cellulose and
hemicellulose fractions accessible for enzymatic
hydrolysis. This pretreatment step is a fine balancing
act aimed at opening the fibers to increase water
access and enzyme accessibility while minimizing
sugar loss and inhibitor generation to ensure high
yields and a substrate suitable for enzymatic
hydrolysis and fermentation.
Cellic CTec2 and HTec2 are state-of-the-art enzymes
that have proven effective on a wide variety of
pretreated lignocellulosic materials for the conversion
of the carbohydrates in these materials to simple
sugars prior to fermentation.
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Products
In general, Cellic CTec2 and HTec2 can be described in the
following way:
Product

Cellic® CTec2

Cellic HTec2

Tech
specifications/
description

Cellulase complex for
degradation of cellulose to
fermentable sugars

-Endoxylanase
with high specificity
toward soluble
hemicellulose
- Cellulase
background

A blend of
- Aggressive cellulases
- High level of β-glucosidases
- Hemicellulase

Features

Benefits

- High conversion yield
- Effective at high solids
concentrations
- Inhibitor tolerant
- Compatible with multiple
feedstocks and
pretreatments
- High concentration and
stability

- Can improve cellulose
hydrolysis
when combined with
CTec2
- Helps in case of mild
acid or alkaline
pretreatment
- Converts
hemicellulose to
fermentable sugars

- Up to 50% lower enzyme
dosage
- Lower operating and
capital costs from optimization
of process, e.g., higher total
solids loading and higher
ethanol titer
- Enabling low ethanol cost
- Increased process flexibility

- 20% lower enzyme
usage cost
- Enables higher
ethanol yields
- Provides increased
flexibility for
pretreatment
technology

Table 1. A description of Cellic ® CTec2 and HTec2 and their features.

Application
CTec2 and HTec2 in application
Novozymes has partnered broadly with different cellulosic
ethanol production companies that have worked with the Cellic
product family to optimize the cellulosic ethanol production
process. We have gathered application information using CTec2
and HTec2 in various process setups using different feedstocks
and pretreatments. It is recommended to dose Cellic CTec2
based on the level of cellulose contained in the substrate to
allow direct comparisons of enzyme effectiveness on various
biomass materials, including those from different feedstocks
and pretreatment combinations.
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Dosing guidelines
The suggested enzyme trial dosage levels for initial
investigation of a substrate are 1.5%, 3.0%, 6.0%, and 30.0%
w/w (g enzyme/g cellulose). These data points should be used to
generate a dose response curve (enzyme dosage vs. percentage
cellulose conversion). The low dosage provides a target for
commercially feasible cellulose hydrolysis, while the high
dosage provides an indication of maximum enzymatically
accessible cellulose content. Additional testing is recommended
to refine the dose response curve and determine the effect of
time, solids loading, cellulose conversion, and enzyme dosage.
If the pretreated feedstock of interest contains an appreciable
amount of hemicellulose, it is advised to combine Cellic CTec2
and HTec2 to boost the cellulose hydrolysis. In some cases, other
Novozymes hemicellulases may also be relevant. The enzyme
dosage recommendation for Cellic HTec2 is 0.05–0.50% w/w (g
enzyme/g cellulose), but the dosage required is heavily
dependent on feedstock type, pretreatment technology, and
processing conditions. Enzyme dosage requirements may
therefore vary significantly. HTec2 is dosed based upon the
amount of cellulose in the substrate because it is primarily
viewed as a cellulase-boosting enzyme; additionally, dosing in
this way simplifies the experimental plan.
Using CTec2 and HTec2 in combination
When pretreatments result in a feedstock that would benefit
from additional hemicellulose degradation, one should test
whether there is synergy between CTec2 and HTec2. It is
recommended to perform a dose response test and a dose
response-replacement test where the total dosage of the CTec2
and HTec2 equals the dosages in the CTec2-only dose response
test. An example of an initial study design is shown in Table 2.

Treatment

Enzyme dosage % w/w (g enzyme/g cellulose)
CTec2

HTec2

Cellulase – low

1.50%

0.00%

Cellulase – mid

3.00%

0.00%

Cellulase – high

6.00%

0.00%

Replacement – low

1.35%

0.15%

Replacement – mid

2.70%

0.30%

Replacement – high

5.4%

0.60%

Table 2. Example of an experimental design to test for synergy between Cellic ® CTec2
and HTec2 with 10% HTec2 replacement.
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Optimal temperature and pH
The optimal temperature and pH for Cellic CTec2 are 45–50 oC
and pH 5.0–5.5, as shown in Figures 1 and 2 respectively. The
activity profiles were produced using a dilute acid-pretreated
corn stover at 5% total solids loading. The temperature was
kept constant at 50 oC for the pH profile, and the pH was kept
at 5.0 for the temperature profile throughout the 72-hour
hydrolysis.

Figure 1: Temperature curve

Figure 2: pH curve

The optimal temperature and pH for Cellic HTec2 are 45–50 oC
and pH 5.0.
Figures 3 and 4 on the next page illustrate the activity of Cellic
HTec2 at different temperatures and pH values using azo-wheat
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arbinoxylan as substrate.

Figure 3: Effect of temperature on the activity of Cellic ® HTec2

Figure 4: Effect of pH on the activity of Cellic ® HTec2

Figure 5 on page 6 shows the enzyme dose response of Cellic
CTec2 at 50 oC and pH 5.0 for an unwashed sample of dilute
acid-pretreated corn stover at 15% total solids loading.
The enzymes are also effective on other feedstocks such as
sugarcane bagasse, corn cob, corn fiber, and wood pulp. The
dose response will depend on feedstock, pretreatment, and
process conditions.
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Figure 5: Enzyme dosage (g enzyme/g cellulose)

Storage in application
The recommended storage conditions are 0–25 °C (32–77 °F) in
sealed packaging, well-protected from the sun. The product has
been formulated for optimal stability. However, enzymes
gradually lose activity over time. Extended storage and/or
adverse conditions such as higher temperature may lead to a
higher dosage requirement.
Safety, handling, and storage
Safety, handling, and storage guidelines are provided with all
products.

CELLULOSIC ETHANOL PRIMER
Biofuels are a key to reducing global CO2 emissions, and
cellulosic bioethanol offers the opportunity to reduce CO2
emissions by up to 90% compared to conventional gasoline.
The cellulosic ethanol industry holds a lot of promise for
meeting the demand for an alternative global liquid
transportation fuel, and at Novozymes we recognize this
potential as a worthwhile focus for our company. That is why
we started working on developing cellulosic ethanol solutions
in 2000 and have continued to grow our research efforts in this
area every year since then. Our cellulosic ethanol work has
become the largest endeavor in our company’s history, with
more than 150 people dedicated to this effort. We have learned
a lot through our internal research and through our
partnerships with leading companies across the globe.
The information in this section has been collected through our
efforts over the years and is offered to help you progress in
your cellulosic ethanol work.
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Cellulosic ethanol production process
The production processes for lignocellulosic ethanol are
continuously being optimized at pilot and demonstration-scale
plants around the world. Simplified, the process has five steps
(see Figure 6):
1. Feedstock: Feedstock collection and transport to the
cellulosic ethanol plant.
2. Pretreatment: A mechanical or thermochemical
pretreatment step to break up the lignocellulosic
structure so that the enzymes can access cellulose and
hemicellulose.
3. Hydrolysis: An enzymatic hydrolysis step to convert the
cellulose and hemicellulose to monomeric sugars.
4. Fermentation: A fermentation step to convert the sugars
to ethanol.
5. Recovery: A recovery step to separate the ethanol from
the remaining fractions so the product can be sold.

Figure 6: Cellulosic ethanol production process

It is widely believed that pretreatment, hydrolysis, and
fermentation should be carried out in an integrated fashion
since the three steps are highly interconnected. For example,
degradation products generated during pretreatment can
adversely affect hydrolysis and fermentation. Additionally,
determining the optimal time to proceed from hydrolysis to
fermentation can potentially increase the ethanol yield or
decrease the overall process cost. Thus, it is important to
determine how changes to one process step affect the
performance and cost of the subsequent steps.
Hydrolysis
The primary goal of hydrolysis is to convert as much cellulose as
possible into monomeric sugars as quickly as possible, which is
achieved by adding cellulases and hemicellulases. A good
measure of the effectiveness of an enzyme is percentage
cellulose conversion, which is defined as the amount of
cellulose converted to glucose divided by the total amount of
cellulose. A high cellulose conversion can be achieved by
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increasing either the enzyme dosage or the hydrolysis time.
However, a small fraction of the cellulose in a feedstock is
harder to convert than the majority; hence, there can be a
diminishing return where it takes a large amount of enzyme to
convert a relatively minor fraction of cellulose.
Given this diminishing return, it is not recommended to
attempt to reach a predetermined target percentage cellulose
conversion without developing a process model, as this could
result in a higher process cost. Finding the optimal enzyme
loading requires balancing of capital expenses and operational
expenses. Modeling these relationships is critical for finding the
optimal process setup for a cellulosic ethanol plant.
Table 3 shows a few basic relationships between several
hydrolysis factors and CAPEX/OPEX. It is important to note that
the benefits and downsides shown below do not necessarily
offset one another. For example, if you increase solids, the
savings on acid/base and tank costs may not offset the
reduction in maximum attainable conversion at higher enzyme
cost. Additionally, it should be noted that not all changes will
be realized at the same time as there are multiple ways to
approach these complex relationships.
Hydrolysis factor

Higher enzyme
dosage

Longer hydrolysis
time

CAPEX

OPEX

- Quicker reaction
results in less installedtank capacity
- Lower agitation cost

- More spent on enzyme
- Lower agitation cost
- Lower residence time
- Higher cellulose
conversion

- Lower enzyme dosage - Higher heating/agitation
- More installed-tank
cost
capacity
- Less spent on enzyme

- More expensive
(initial) mixing system
- Less installed-tank
capacity
- More expensive solids
Higher total solids transport
-Potentially cheaper
pretreatment
equipment
- Smaller distillation
unit
- Lower CHP size/cost
Higher percentage
cellulose
conversion

-

Lower water throughput
More spent on enzyme
Higher agitation power
Lower heating cost
Lower acid/base cost
Lower distillation cost

- Less material for boiler
means less income from
electricity
- More ethanol generated
results in lower distillation
costs
- More spent on enzyme

Table 3. Some basic relationships between CAPEX and OPEX.
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A brief note on fermentation and SSF
It is strongly recommended to identify the optimal time to
switch from hydrolysis to fermentation for the specific
feedstock. Simultaneous saccharification and fermentation
(SSF), a process design where yeast and enzyme are added
together and run at 32–37 oC, is commonly cited as a way of
decreasing process costs because it can remove the end-product
inhibition on enzymes by fermenting glucose to ethanol.
However, for cellulosic bioethanol, suboptimal conditions
during SSF necessitate longer processing time for the enzymes
and C5 sugar conversion to reach a specific glucose conversion
level. The temperature is not favorable for optimal enzyme
performance, and higher inhibitors, due to high solids in
hydrolysis, cause the normal yeast dosage to not perform
effectively. For cellulases, CTec2 and HTec2 have significantly
more activity at hydrolysis temperatures than at fermentation
temperatures (Figures 1 and 3), and CTec2 also has an improved
β-glucosidase enzyme that has less glucose inhibition.
Additional information
We invite you to explore our bioenergy information site at
www.bioenergy.novozymes.com. For additional information on
Novozymes’ products or other general topics, please contact
Novozymes using the contact form on the above website to
place your inquiry.

Novozymes is the world leader in bioinnovation.
Together with customers across a broad array
of industries we create tomorrow’s industrial
biosolutions, improving our customers’ business
and the use of our planet’s resources.

For more information, or for more office addresses, visit www.novozymes.com
Novozymes A/S · Krogshoejvej 36 · 2880 Bagsvaerd · Denmark · Tel. +45 4446 0000 · Fax +45 4446 9999

Laws, regulations, and/or third party rights may prevent customers from importing, using, processing, and/or reselling the products described herein in a given manner. Without separate, written
agreement between the customer and Novozymes to such effect, this document does not constitute a representation or warranty of any kind and is subject to change without further notice.
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