
key features and benefits of
a c c e l l e r a s e T M 1 0 0 0

good reasons to partner w i t h g e n e n c o r

History Genencor is a diversified biotechnology company that develops and delivers innovative products and
services for the industrial, consumer, food, and agri-processing markets. Genencor has a proven 
ability to integrate state-of-the-art capabilities over a broad set of technologies relevant to the modern
practice of biotechnology. The company’s core competencies are centered on protein engineering, protein
expression and large-scale protein production at the metric ton level, and applied enzymology to bring 
biobased solutions to customers’ unmet needs. We have a track record of successful and fruitful
partnerships with a variety of large, well-known companies.

Expertise Genencor has demonstrated expertise on the basis of our long experience in cellulase products and our
previous research program in biomass conversion. In an unprecedented $17 million contract, we worked
with the US Department of Energy’s National Renewable Energy Laboratory (NREL) to develop cellulase
enzymes to convert low-value biomass to fermentable sugars and, ultimately, renewable ethanol fuel.
The original program targeted a 10-fold cellulase cost reduction, which was exceeded to achieve a 
30-fold reduction in enzyme cost. This reduction in cost was achieved at laboratory scale, using an NREL
cost model, a single feedstock (acid pretreated corn stover) and assumptions about full-scale production
economics in a mature, fully integrated manufacturing plant. ACCELLERASETM 1000 is the first product 
that will help the industry develop such plants.

Commitment Genencor remains committed to the industry—with ACCELLERASETM 1000 we are creating a stepping-
stone product that will facilitate process development and scale up in this emerging biomass hydrolysis
industry. Our high-performing enzyme systems will allow you to develop biorefinery solutions faster and
with less risk. Genencor is eager to work in lockstep with biorefinery developers to help them accelerate
process development, and be with them every step of the way to create viable commercial-scale facilities.

Vision Genencor envisions cellulase enzyme production integrated into the biorefinery with a dedicated production
capacity with shared location and infrastructure. Genencor believes such strategic improvements in
process economics for enzyme production will reduce capital and operating expenditure and make 
the biorefinery more profitable.
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techn ica l  serv i ce
Genencor works with customers to enhance processes and solve problems. Please contact us for assistance.

features benefits
Flexible Ability to operate in simultaneous

saccharification and fermentation (SSF),
two-step sequential hydrolysis and
fermentation (SHF), or a hybrid process

Versatile Enhanced saccharification performance 
on a range of feedstocks—sugar cane
bagasse, corn stover, softwood pulp 

Fast-acting High β-glucosidase activity increases
saccharification rate, speeding ethanol
fermentation, and improving yield

High Compatibility Minimal formulation ensures no 
chemical interference with saccharification
carbohydrate analysis or subsequent 
yeast fermentation

Supplementary Effects Nutritive value from unclarified product
available to yeast for ethanol production
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o v e r v i e w
Interest in ethanol as a clean-burning fuel is stronger than ever before. Ethanol as a fuel additive has experienced
significant growth over the past few years and is expected to continue in the future. Ethanol reduces dependence 
on foreign oil, lowers greenhouse gas emissions, provides economic benefits for rural communities, and establishes
a foundation for the biobased economy.

With those goals in mind, the US Government under the Energy Policy Act of 2005 implemented a national Renewable 
Fuel Program mandating use of 7.5 billion gallons of renewable fuels by 2012 with a target of 35 billion gallons a year 
by 2017. The EU has set a target of deriving 5.75% of its energy from biofuels by 2010 and has a goal of meeting 
25% of its road transport energy needs with biofuels by 2030.

To meet these aggressive targets and resolve the food versus fuel issue, the industry is experimenting with a wide 
range of technologies and biomass feedstocks for the production of ethanol.

A wave of public and private funding has poured into research laboratories all over the world, giving rise to several
biomass pilot and demonstration plants at various stages of design and development. The focus of these plants is 
to optimize the complex operations necessary to enable commercially viable production of cellulosic ethanol.

i n t r o d u c t i o n
Potential feedstocks for cellulosic ethanol include municipal solid waste, corn 
stover, wheat straw, sugar cane bagasse, rice straw, paper pulp, wood chips,
and biomass from “energy crops” such as fast-growing trees and grasses 
(switchgrass, prairie grass, miscanthus), dramatically expanding the available 
material for ethanol production.

Unlike starch, which contains homogenous and easily hydrolyzed polymers,
these feedstocks are lignocellulosic and are not homogenous in nature.
In addition to convertible cellulose and hemicellulose, they also contain lignin 
and other components which cannot be converted to fermentable sugars.
Separating the cellulosic material from the lignin and converting it into fuel 
involves pretreating the material to release cellulose, introducing enzymes 
to break the cellulose down into glucose and xylose; and then, using other
microorganisms to ferment those sugars into ethanol (see Figure 1 below).

Figure 1: Production of ethanol from cellulosic biomass.

hurdles to cellulosic ethanol commercialization
Although cellulosic biomass is available in large quantities, the main challenge for commercialization is to reduce the 
costs of the integrated biorefinery process. These costs include feedstock accessibility and transport to the biorefinery,
pretreatment strategies, use of enzymes and processes for efficient hydrolysis, and availability of recombinant
microorganisms to ferment the mixed sugars.

Extensive research is being done to reduce the cost and improve the efficiency of converting cellulosic materials into
fermentable sugars. Improvements in several physical, chemical, and biological pretreatment technologies are also 
under investigation. As with pretreatment processes and cellulase development, fermentation microorganisms that 
can more efficiently utilize both C5 and C6 sugars are being developed and improved. Creation of a commercially 
successful biorefinery industry requires a coordinated and integrated effort across all of these activities. Recognizing 
this, Genencor continues to actively partner with academic, government, and other industry leaders to accelerate the 
arrival of the bioeconomy.
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ACCELLERASETM 1000 is the first commercially available biomass enzyme developed specifically for second 
generation biorefineries. ACCELLERASETM 1000 reduces complex lignocellulosic biomass into fermentable sugars.
ACCELLERASETM 1000 contains multiple enzyme activities; mainly exoglucanase, endoglucanase, hemicellulase 
and beta-glucosidase. The biomass hydrolysis performance of this enzyme preparation is a result of the synergistic 
effect of all the main and accessory activities.

Figure 2: Enzymatic hydrolysis of β-1,4 linkage by cellulases.

Cellulose digestion typically requires at lease three 
types of enzymes working synergistically (Figure 2).

• Exo-1,4-β-glucanase (cellobiohydrolase [CBH]), attacks 
reducing (CBHI) or non-reducing (CBHII) ends of the 
cellulose chain, releasing cellobiose units.

• Endo-1,4-β-glucanase (EGI, EGII, EGIII), attacks along the 
chain, creating more chain ends for the CBH and resulting 
in reduced degree of polymerization and viscosity.

• Beta-glucosidase (β-glu), converts soluble oligosaccharides 
like cellobiose to glucose which can be metabolized by yeast.
Reducing cellobiose accumulation can relieve product inhibition 
of the cellulase enzymes, making them more effective.

ACCELLERASETM 1000 fills a large unmet need for a reliable biomass enzyme supply to pilot and demonstration plant
developers who are actively working on process development, scale up, and integration. The significant features necessary
for a successful commercial scale biorefinery are built into this initial product. It is the first in Genencor’s plan for a family 
of products tailored to different biomass feedstock and system conditions.

The key to successful commercialization of cellulosic ethanol is the optimization and integration of each of the unit
operations in the biomass conversion process. ACCELLERASETM 1000 aims to address the need of biorefinery developers 
to understand how enzymes will work in their system. ACCELLERASETM 1000 serves as the benchmark enzyme solution
which Genencor and our partners will use to lead the biorefinery industry through its demonstration phase and into its
successful commercialization.

ACCELLERASETM 1000 has been shown to successfully hydrolyze a range of feedstocks including sugar cane bagasse,
corn stover, and softwood pulp.

Feedstock Ethanol Yield / Dry Ton

Gallons Liters
Sugar cane 
bagasse 112 424

Corn stover 113 428

Rice straw 110 416

Forest thinnings 82 310

Hardwood sawdust 101 382

Mixed paper 116 439

cellobiohydrolase

endoglucanase

β-glucosidase

Figure 3: Sugar concentration using ACCELLERASE TM 1000 at 7% cellulose loading, 50°C, and pH 5.0 versus an equivalent enzyme loading of
SPEZYME ® CP (for sugar cane bagasse and corn stover) on acid pretreated sugar cane bagasse, acid pretreated corn stover, and softwood pulp
(kappa = 14). The closed symbols represent cellobiose concentration, which is significantly lower for ACCELLERASE TM 1000 than for SPEZYME®

CP. The open symbols represent glucose concentration, which is significantly higher for ACCELLERASE TM 1000 than for SPEZYME ® CP. 

f e a t u r e s  a n d  b e n e f i t s  
ACCELLERASETM 1000 has been specifically developed to provide the nascent biorefinery industry with an enzyme solution to
help in the scale up from the laboratory to pilot and demonstration plants. ACCELLERASETM 1000 offers several key benefits:

• ACCELLERASETM 1000 shows enhanced saccharification performance on a wide variety of feedstocks.

• ACCELLERASETM 1000 has the ability to function in either a simultaneous saccharification and fermentation (SSF) 
process, a two-step sequential hydrolysis and fermentation (SHF) process, or a hybrid of the two processes.

• ACCELLERASETM 1000 is an unclarified liquid product that has had the production organism completely inactivated. The
remaining nutrients from enzyme production are available to the yeast in addition to the fermentable sugars produced 
by saccharification. This may lead to faster ethanol fermentations, reduce the cost of ethanol fermentation raw materials,
and possibly improve ethanol yields.

• ACCELLERASETM 1000 has been minimally formulated to ensure that enzyme formulation chemicals do not interfere 
with saccharification carbohydrate profile analysis or subsequent yeast fermentation.

• ACCELLERASETM 1000 contains high beta-glucosidase activity to minimize the amount of residual cellobiose. This may 
lead to higher rate of saccharification and ultimately to a faster ethanol fermentation, resulting in improved yields.

• ACCELLERASETM 1000 is significantly less expensive than previous laboratory-level options.

s u m m a r y
ACCELLERASETM 1000 offers the first true biomass enzyme solution for cellulosic ethanol production in the near term.
ACCELLERASETM 1000 delivers significantly enhanced performance over existing products for a broad range of feedstock
substrates. This new product line targets to serve the unmet need for the upcoming cellulosic ethanol plants at the pilot 
and demonstration scale and further builds on Genencor’s innovative power in developing high-performance products 
for the fuel ethanol industry.

Genencor has a long history of innovation across many enzyme markets and expects to continue to offer superior products 
to the emerging biomass industry. Genencor is committed to build and deliver to our partners a sustainable advantage 
in protein production and enzyme performance so that their biorefinery operates at optimal efficiency.

ACCELLERASE 1000™

Bagasse Corn Stover Softwood Pulp*
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