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Ethanol Production

Currently produced from starches and sugars

– Corn in the US and sugarcane in Brazil
– Mature industry -
– 3.5% of fuel need requires 14% of US corn yield, 

2006
– 7.5% of fuel needs requires 71% of US corn yield, 

2017

In the future, will be produced from biomass
(crop residue and woody biomass)

– Uses agriculture residues, wastes and dedicated 
energy crops as feedstock



DOE grants for commercialized CE plants

Municipal green waste

Wheat straw

Bagasse

Wood waste

Corn fiber & stover



Public policy shifts

Energy Independence and Security Act of 2007
• Increased Renewable Fuel Standard (RFS)

– Ethanol - 11 billion in 2008 to 15 billion gallons by 2011
– Renewable gasoline and diesel- 36 Billion gallons in 2022

• Funding priority given to next generation biofuels
• Corn-ethanol capped at 15 billion
• Balance of RFS to “ advanced” biofuels

• USDA has established Biomass Crop Assistance Program 
(BCAP); total funding $2.6 billion

– 100% match for the price of crop residue sold to bioenergy companies

– 75% reimbursement for the price of establishing energy crops



U.S. Counties capable of supporting 
cellulosic ethanol



Biomass Feedstock

Wood Residues
� Sawdust
� Wood chips
� Wood waste

• pallets
• crate discards
• wood yard trimmings

Agricultural Residues
� Corn stover
� Rice hulls
� Sugarcane bagasse
� Animal waste

Energy Crops
� Hybrid poplar
� Switchgrass
� Willow

The energy content ranges from 7,000 Btus/lb for straws to
8,500 Btus/lb for wood. 



Potential feedstock for cellulosic ethanolPotential feedstock for cellulosic ethanol

Miscanthus



Herbaceous Plants
Switchgrass



Corporation for Economic Opportunity...” Prosperity for All”

ARUNDO CANE – A MATURE STAND (MAY 12, 2004)

Yield: 40 Tons/AC-Yr



Producing biomass for energy in 
Constructed Wetlands



Sustainable Crop Residue Amounts 
(ton/year) in Piedmont Region

Biomass availability (Ba, 
ton/square mile)

0� Ba<25

25� Ba<50

50� Ba<75

75� Ba<100

100� Ba

176,778 tons/yr  @ 30%
Ethanol Potential 
46,969,792  Lit/yr



Biomass availability (Ba, 
ton/square mile)

0� Ba<25

25� Ba<50

50� Ba<75

75� Ba<100

100� Ba

Sustainable Crop Residue Amounts 
(ton/year) in Coastal Region

881,193 tons/yr  @30%
Ethanol Potential 
238,549,075 Lit/yr



Cluster of counties to supply ethanol plant with 

feedstock demand of 500 ton/day in the coastal region

Biomass availability 
(ton/square mile)

Cluster 1

Cluster 2

Cluster 3

Cluster 4

30 miles radius



Biomass Handling
CollectionCollection

TransportationTransportation

StorageStorage



Feedstock Production, Storage, and 
Transportation– Major Objectives:

• Develop economically and agronomically 
viable energy feedstock suitable for NC
– Breeding high yield varieties,

– Developing better forest management specific to 
bioenergy

– Supporting research in harvesting, storage, and 
transportation

– Allowing harvesting biomass from CRP land



Resources: Biomass to Ethanol
Biomass 

Resources � � � � ����
Units Energy Content

(1012 Btus)

Ethanol
(Gal/yr)

Pulpwood 4,779,566 Tons/yr 81.25 382,365,280

Corn Grain 78,125,000 Bu/yr 15.04 195,312,500

Sweet Potato 24,500,000 Bu/yr 1.39 18,014,000

Total 595,691,780

Energy Crops 10.12% of NC
Consumption

Hulless Barley 300,000 AC 4.233 54,480,000

Switchgrass 263,132 Tons/yr 4.210 21,050,560

Total 106.123 671,222,340

% NC 
Consumption

11.4



Resources: Biomass to 
Biodiesel

Biomass 
Resources

� � � � ���� Units Energy Content
(1012 Btus)

Biodiesel
(Gal/yr)

Soybean Oil 60,480,000 Gal/yr 7.155 60,480,000

� 	 

� � 
� �	 � � 	 10,000,000 Gal/yr 1.183 10,000,000

Animal Ren. 323,400,000 Lbs/yr 5.100 43,120,000

Energy Crops (7.7% of NC)

Canola 300,000 AC 4.258 36,000,000

Total 149,600,000

% NC 
Consumption

10.2%



Resources: Biomass to Electricity
Biomass 

Resources
� � � � ���� Units Energy Cont.

(1012 Btus)
Electricity 
(MW)

Softwood 1,894,305 Tons/yr 32.20 314

Hardwood 2,061,063 Tons/yr 35.04 342

Corn Stover 963,494 Tons/yr 14.26 139

Wheat Straw 60,413 Tons/yr 0.94 9

C&D W. W. 897,784 Tons/yr 15.26 149

Total



NC Incentives related to Biomass 
utilization

• Energy improvement loan program
– Loans with 1% interest rate for businesses, local 

governments and nonprofits

• Renewable energy tax credit
– 35% tax credit to corporate & individuals for 

renewable energy systems

• Requires state-owned fleets to achieve 20% 
reduction in the current petroleum consumption 
by 2010



NC Incentives related to Biomass 
utilization

• Alternative fuel refueling infrastructure tax credit
– 15% tax credit on the construction cost of biodiesel or 70-100% 

ethanol refueling facility

• Alternative Fuel Tax Exemption



Biofuel Research at NC A&T 
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Character ization &  
supply economics

Pretreatment 
Fractionation

Lignocellulose

Extractable 
chemicals

Solid cellulose 
stream

Liquid sugar  
stream

Hydrolysis &  
fermentation

Ethanol

Fermentation

Conversion &  
Modification

Bio-based 
products

Acetic acid

Fermentation 
residues

Activated 
carbonActivation

Dr. Lijun Wang
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Objective 1: Pretreatment and 
fractionation of biomass for  
production of ethanol using 
different methods 

Objective 2: Reactive screw-
extrusion pretreatment of 
lignocellulosic biomass for  ethanol 
production

Accelerated solvent extractor

Screw extruder  for  biomass 
pretreatment 
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Objective 1: Breeding and 
isolation of industr ial 
microorganisms for  
biological production of 
ethanol and acetic acid 

Objective 2: Synergetic 
production of ethanol and 
acetic acid from 
lignocellulosic biomass

2 L fermenter  

HPLC for  analyzing sugars, 
alcohols and organic acids



� � � 
 � 
 � �� � �	 � 
 �! � 
 �� �
 	 � �� � �� � �� 
 � �" 	 � � 
 �� 	 � � � � �� � � � �
� �� � � � �� � �  �# � � �
 � � � �	 � �� 	 � 	 � � � �� � � � � � �

Objective 1: 
Production of 
activated carbon 
from fermentation 
residues 

Objective 2: 
Development of 
catalysts suppor ted 
on activated carbon 

Furnace &  GC for  catalyst development



Pretreatment, Enzymatic Hydrolysis and 
Fermentation of Cellulosic Biomass

Investigate the feasibility of converting cattails into ethanol

Cattails

Grinding

Pretreatment

Enzymatic 
Hydrolysis

50ºC
pH 4.8
6 days

Fermentation
30ºC

pH 4.8
2 days

EthanolSeparation
Washing of 

Solids

1 N NaOH
1% H2SO4
Hot water

Cellulase

S. cerevisiae
or P. stipitis

liquids

Materials 

and Methods

Methods Conditions

Alkali extraction
1N NaOH ; Room 
temperature; 24hrs

Dilute Sulfur ic 
acid

1% H2SO4 , 121 C, 
15min

1% H2SO4 , 
180 C, 15min

Water  
extraction

121 C, 15min 180 C, 15min

Methods Conditions

Alkali extraction
1N NaOH ; Room 
temperature; 24hrs

Dilute Sulfur ic 
acid

1% H2SO4 , 121 C, 
15min

1% H2SO4 , 
180 C, 15min

Water  
extraction

121 C, 15min 180 C, 15min



Comparison of Pretreatment Processes:

� Glucose yields from the combined         
pretreatment and enzymatic 
hydrolysis are:

66.8% for NaOH,

62% for hot water, and

54.8% for dilute sulfuric acid



Ongoing Research 1- Pretreatment using a 
Solvent Extractor

• Dionex ASE 350 Accelerated Solvent 
Extractor 
• Providing a fast and efficient way to 
extract various biomass samples for 
sugar analysis to determine sample 
viability for alcohol production. 

Pretreatment conditions: 
1. Water 130-190 ºC for 5-15 min
2. 1% sulfuric acid: 130-180 ºC for 5-

10 min

Treated cattailsExtracted 
sugars etc.



Thermochemical Conversion of Animal Waste to BioThermochemical Conversion of Animal Waste to Bio--oiloil
A novel technology for livestock waste treatment

Batch Reactor

Bio-oil 
Products

Manure

Fue
l!

Bio-oil can be used as 
a substitute for fossil 
fuels to generate heat, 

power and / or 
chemicals

BioBio--oil can be used as oil can be used as 
a substitute for fossil a substitute for fossil 
fuels to generate heat, fuels to generate heat, 

power and / or power and / or 
chemicalschemicals



•• Optimize the operating conditionsOptimize the operating conditions

•• Improve the oil yield by adding other Improve the oil yield by adding other 
additives such as (crude glycerol, waste additives such as (crude glycerol, waste 
vegetable oil & chicken fat )vegetable oil & chicken fat )

•• Upgrade the bioUpgrade the bio--oil by hydrooil by hydro--
deoxygenation for transportation purposedeoxygenation for transportation purpose

Thermochemical Conversion of Animal Waste to Thermochemical Conversion of Animal Waste to 
BioBio--oiloil



Research ResultsResearch Results
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The maximum oil yield of 
24.2% was obtained under the 
following conditions: reaction 
temperature of 340 C, 
retention time of 15 min, and 
100 Psi initial N2 pressure.

The oil yield increased 
dramatically by adding crude 
glycerol as the co-substrate at 
different manure to crude
glycerol ratio. 
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Gasification


