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PREFACE 

This project involved a three-year program managed by BioMetics Inc. (Waltham, MA) 
to demonstrate the commercial feasibility of Biofine thermochemical process technology 
for conversion of cellulose-containing waste or renewable materials into levulinic acid, a 
versatile platform chemical. 

The program, commencing in October 1995, involved the design, procurement, 
construction and operation of a plant utilizing the Biofine process to convert 1 dry ton 
per day of paper sludge waste. The plant was successfully designed, constructed and 
commissioned in 1997. It was operated for a period of one year on paper sludge from a 
variety of source paper mills to collect data to verify the design for a commercial scale 
plant. Operational results were obtained for four different feedstock varieties. Stable, 
continuous operation was achieved for two of the feedstocks. Continuous operation of 
the plant at demonstration scale provided the opportunity for process optimization, 
development of operational protocols, operator training and identification of suitable 
materials of construction for scale up to commercial operation. Separated fiber from 
municipal waste was also successfully processed. 

The project team consisted of BioMetics Inc., Great Lakes Chemical Corporation (West 
Lafayette, IN), and New York State Energy Research and Development Authority 
(Albany, NY). 
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This is the final report of a technology development program carried out by BioMetics 
Inc. (BMI) Waltham, MA on the Biofine lignocellulose fractionation technology. The 
program was jointly funded by the U.S. Department of Energy, New York State Energy 
Research and Development Authority, Great Lakes Chemical and Biofine. 

This program involved design, construction and operation of a one ton per day 
demonstration plant based on technology developed and patented by Biofine, Inc. to 
fractionate waste paper sludge into the primary product levulinic acid, a valuable 
chemical intermediate and byproducts formic acid and a bone dry carbonaceous char. 

BMI operated the plant to collect data to verify the design for a commercial scale plant. 
Operating instructions and plant optimization parameters were developed. The 
operations results and process assessment data are provided in the OPERATIONS 
RESULTS section. 

The project team consisted of BMI (Waltham, MA), Biofine, Inc. (Waltham, MA), Great 
Lakes Chernical Corporation (West Lafayette, Indiana), and New York State Energy 
Research and Development Authority (AI bany, New York) 

BMI provided overall management of the program. This involved all project 
management, engineering, design, cost estimating, procurement and construction 
services for the demonstration plant. BMI also provided all plant operations 
management. 
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Biofine provided the initial process engineering package containing knlow-how and 
technical data for the design. A outline of the Biofine process is presented in the Base 
Technology section. 

Great Lakes Chemical Corporation (GLCC) is a specialty chemical company with 
worldwide operations. Levulinic acid and its derivatives represents a substantial 
potential market for GLCC. GLCC conducted laboratory pilot plant testing and 
confirmation of the proposed purification process for levulinic acid prior to 
implementation on plant. 

New York State Energy Research and Development Authority (NYSERDA) has 
supported the development of the Biofine technology and continues to support this 
demonstration development as a method to derive value from biomass resources and 
as a means to develop new N.Y. business. 

The Program Manager and Principle Investigator for BMI and Biofine was Dr. Stephen 
Fitzpatrick. Dr. Fitzpatrick coordinated all technical aspects of the program including all 
contractual matters with DOE. The project management company was BioMetics. 
Project manager at BioMetics was Mr. T. Y. Lam. Mr. Lam was responsible for the 
overall project execution and coordination. Dr. Colin South of BioMetics headed the 
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process de:sign team. 

The demonstration plant was constructed at Epic Ventures Industrial Park, South Glens 
Falls, New York. In this final report the plant will be referred to as the SGF (South 
Glens Falls) plant. The final plant design documents and photographs are presented in 
the BlOFlNE DEMONSTRATION PLANT section. 
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BMI also developed the preliminary design and an order of magnitude cost estimate for 
a commercial-size Biofine unit that could be installed at a typical paper mill or sludge 
processing plant. This estimate was used together with the demonstration plant 
operating results to reach a decision about implementation of a full-scale commercial 
unit. The commercial scale design report is included in the COMMERCIAL SCALE 
DESIGN section. 

Biofine and GLCC collaborated on the development of the technical requirements for 
converting levulinic acid into valuable products and assessment of the projected 
markets for these products. An independent market assessment report commissioned 
by Biofine “A Market Plan for Commercializing Levulinic Acid Derivatives” is included in 
the MARKET ASSESSMENT section. 

The program was successful in executing all required tasks. One aspect of the work, 
which was, however, not achieved was the attainment of commercial grade levulinic 
acid. The quality of product achieved, although useful for conversion on to derivative 
products, was below the commercial specification of interest to Great lakes Chemical 
Company. (Subsequent to completion of this program Biofine has modified the levulinic 
acid recovery and purification steps to allow production of commercial grade material). 

- 
The project milestone schedule is shown below. Project milestones on the project were 
met. 

Milestones -- Date 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

Kickoff Meeting at DOE 
Issue Last Major Bid Package 
Complete Cost Estimate Update 
Start Site Work (ground breaking) 
Close-In Building 
Mechanical Completion 
Complete Test-Run & Start Production 
Interim Report (Commercial Scale Design Basis) 
Finish Last Production Run 

Oct. 23, 1995 
Feb. 16,1996 
Apr. 19, 1996 
Jun. 03, 1996 
Aug. 02, 1996 
Feb. 14, 1997 
Apr. 11, 1997 
Sep. 12,1997 
Mar. 31,1999 





BASE TECHNOLOGY 

Biofine, Incorporated of Waltham, Massachusetts, has developed a thermochemical 
process to fractionate cellulosic biomass into levulinic acid (LA), formic acid, furfural 
and a high energy bone dry char using high-temperature, dilute-acid hydrolysis. The 
primary products from the process can be converted into a wide range of high value 
chemicals and fuel products. The technology holds U.S. Patents 4,897,497 and 
5,608,105, and has been awarded patents in several countries around the world. 
Typical yields in this two-stage process range from 50-70% of theoretical, resulting in 
about 0.5 Ib LA/lb cellulose. The cellulose in the biomass is first converted into soluble 
sugars, which are then converted into LA (CH3COCH2CH2C02H). Furfural, formic acid, 
and a high BTU solid fuel suitable for burning or gasification are co-products. 

The process is economical even without accounting for fees for disposal of waste 
feedstock. Using the Biofine process the product, promising chemical building blocks, 
can be made with low-cost and abundant waste feedstocks. Wet feedstocks can be 
used without drying, thereby saving energy. Paper mill wastes appear to be ideal feed- 
stocks for Biofine’s process because they are finely divided and relatively easy to 
handle. 

Prior to this project Biofine’s process had been demonstrated at a laboratory scale with 
a variety of cellulosic feedstocks, including waste paper, waste wood, and agricultural 
residues. .This work showed that the process could utilize a wide range of feedstocks. 
Biofine hopes to serve the growing need for options to dispose of these biomass waste 
st reams . 

- 
Biofine’s research indicated that if the process could be successfully demonstrated it 
could transform major sectors of the fuels and chemicals industry and play a major role 
in eliminating dependence on crude oil for chemicals and fuels. The process has the 
potential to become the key technology in a “bio-refinery” - taking lignocellulose and 
fractionating it into platform or building block chemicals which would be converted on to 
high value end products. 

LA’s niche markets provide excellent small-scale opportunities; large-scale 
opportunities will open up as Biofine lowers the price of this highly versatile chemical 
intermediate. LA’s present worldwide market is about two million pounds per year at a 
price of $4-6/lb. Full-scale commercial plants are feasible at 50 to 2000 dry ton/day of 
feedstock. At large scale, LA could be produced at a price which would allow it to be 
converted economically into such commodity chemicals as diphenolic acid, a 
replacement chemical for bisphenol A in polycarbonates, or acrylic acid, which sells for 
$0.50/lb. Eventually, Biofine hopes to build larger plants converting 1,000 to 2,000 dry 
ton/day of feedstock into $0.04-0.05/lb LA for conversion into economical fuel additives. 
The worldwide commercial market for LA and its derivatives could someday reach one 
trillion Ibs/yr (equivalent to around 10 Quads of energy). Full-scale plant opportunities 
are being assessed for several locations in the U.S. and worldwide. One full-scale 



commercial plant using 1,000 dry ton/day of waste cellulosic feedstock could produce 
over 200 million Ibs/yr of levulinic acid methyl ester additive for diesel fuel or a similar 
volume of MTHF for inclusion in fuel formulations such as the "P" Series fuel approved 
by DOE as an alternative gasoline. 

- 
LA derivatives are the key to marketability, and markets for such LA derivative 
chemicals as tetrahydrofuran, butanediol, succinic acid, and diphenolic acid exist. 
Established chemical conversion routes for LA are available. Biofine, in cooperation 
with Texaco Inc., National Renewable Energy Laboratory (NREL), Pacific Northwest 
National Laboratory (PNNL), and Rensselaer Polytechnic Institute (RPI) are developing 
market applications and production methods for other derivatives, including: 

0 Methyl and ethyl esters of levulinic acid as "drop-in" diesel fuel oxygenates 
0 Methyltetrahydofuran (MTHF) - a gasoline fuel oxygenate 
0 Delta aminolevulinic acid (DALA - a biodegradable herbicide) 
0 Diphenolic acid - A replacement for bisphenol A in polycarbonate 

The diagram below indicates some of the markets into which levulinic acid derivatives 
could be sold: 
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Biomass as a Raw Material 

Use of biomass rather than petroleum to manufacture chemicals has numerous 
advantages. Briefly, renewable biomass contributes no net CO2 to the atmosphere, 
conserves fossil fuel, and leads to a secure domestic supply of feedstock capable of 
making a huge array of chemical products. 

Ir 

The Biofine process allows the possibility of using biomass as a feed to a bio-refinery. 
Using the process, the biomass feed can be fractionated into levulinic acid, formic acid, 
furfural and a hydrophobic (bone dry) char which is suitable for gasification to synthesis 
gas. 

Benefits of the overall process 

Biofine's process uses a variety of biomass resources, including wastes and, 
potentially, crops. Management costs for many biomass waste streams are generally 
rising. One promising feedstock is municipal solid waste (MSW), which is abundant and 
consists of 50% to 60% cellulose in the form of wood, cardboard, and paper. Sorting 
facilities currently separate MSW into components for recycling. Much of the cellulose 
fraction, however, is not recyclable, and disposal of this fraction has always been 
accomplished by landfilling, landspreading, composting, or incineration, all of which add 
little value, can be costly, and have poor public acceptance. In contrast, Biofine's 
process can convert a problem fraction of the waste stream into valuable products, 
offering a welcome alternative to landfilling. Conversion of MSW into LA at the SGF 
plant was demonstrated in January 1998. The Biofine process saves energy by 
enabling the use of wet feedstocks such as paper mill sludge, and could help paper 
mills achieve "zero discharge" for their wastes. All by-products from the process, 
including the formic acid, combustible tar, and furfural, can be sold as is. Production of 
derivatives could be highly integrated. For example, some by-products of LA production 
could be consumed as reactants for LA derivatives. One potential by-product of DALA 
production has been identified as a material of great interest to a major domestic 
chemical producer. 

Benefits of the chemicals derived from LA 

The esters methyl and ethyl levullnate have significant advantages as diesel fuel 
additives . 

They have a high flash point (above 150 Deg. F.). This allows them to be safely 
transported and blended. In addition, the high flash point of these esters 
provides a means to allow the alcohols methanol and ethanol to be safely 
blended into diesel formulations. 
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They contain a high percentage of oxygen. The oxygen content of these esters 
is around 33%. Regular diesel blends incorporating methyl or ethyl levulinates 
have been shown to burn 35% cleaner than low sulfur “city” diesels. 

They have very high lubricity. They can be used to increase the notoriously low 
lubricity of low sulfur diesel formulations. 

MTHF has advantages as a fuel additive. Because it is miscible with gasoline at all 
proportions, it can be blended at the refinery and transported by pipeline. In contrast, 
ethanol must be added later in the distribution process because contamination with 
water can cause a phase separation. MTHF can be blended in gasoline up to 70% by 
volume without adverse engine performance. Because the octane of MTHF is 87, 
equivalent to base gasoline, it could fulfill new U.S. EPA requirements for greater 
oxygenate levels in gasoline and at the same time lower the Reid vapor pressure of 
gasoline blends. A lower Reid vapor pressure means less fuel evaporates in hot 
weather, relsulting in cleaner air. MTHF has a higher specific gravity than gasoline; 
mileage from MTHF-blended fuel would not decrease. Lastly, MTHF is, in effect, a high 
density (liquid) storage system for hydrogen fuel. MTHF could help to establish 
hydrogen as a practical source of transportation fuel, a goal sought by long-range 
planners at U.S. DOE. 

Deltaaminalevulinic acid (DALA), a promising new pesticide with enormous 
environmental benefits, is nontoxic and completely biodegradable. Its broad spectrum 
of activity rivals and possibly exceeds that of Monsanto’s Roundup@. DALA is an 
entirely new product with unique properties; its pesticidal action is triggered by light, 
leaving most major crops unaffected. DALA is also used as a crop growth enhancer for 
agriculture in arid conditions such as desert or tundra. 

V 

Diphenolic acid (DPA) is used as a component in protective and decorative finishes. It 
also can be used as a substitute for bisphenol-A, the primary raw material for 
polycarbonates and epoxy resin. Indeed, before bisphenol-A was developed, DPA was 
used more widely in coating applications. Bisphenol-A has been implicated as an 
endocrine disrupter, which could be a serious human health issue. 

Potential Stratesic and Economic Impact of the overall process 

The Biofine process could have profound strategic and economic impact in that it has 
the potential to alleviate our national dependence on crude oil imports and create jobs 
in both the biomass industry itself and supporting forest, agricultural, and advanced 
technologies industries. Jobs could also be created in urban areas, where the most 
garbage is generated. A vital biomass industry also would support local economies by 
retaining income within the biomass generation region. In contrast, fossil fuel refining 
generally creates value-added products elsewhere that are then imported. Producing 
proven alternative-fuel extenders such as methyl and ethyl ester or MTHF would 
increase economic activity and energy diversity in the transportation sector, which 
depends on oil for 99% of its fuel needs. 

W 



Helping generators such as paper mills dispose of their waste more cheaply may give 
them a competitive advantage. Interestingly, growth of this technology appears to be 
limited by the availability of feedstocks rather than by potential product markets. Larger 
plants will use a variety of feedstocks, including paper-mill sludge, scrap paper and 
wood, and agricultural or brewery wastes. Someday, the process may use crops grown 
specifically as feedstocks. The process has a high degree of replicability; manufacturing 
facilities could be readily built anywhere there are biomass wastes or crops available, 
and the products are used worldwide. 

I 

Potential impacts of the chemicals and fuel products derived from LA 

At large scale, esterification or hydrogenation of LA into MTHF would cost $0.04/lb, 
allowing it to compete economically in the fuels market. As determined by a U.S. DOE 
quality metrics evaluation, if MTHF replaces as little as 1 % of the U.S. gasoline pool 
(about 100 billion gal/yr, an amount equivalent to the use of ethanol in gasoline), it 
could support at least 50 large manufacturing plants in the U.S. alone making one 
billion gallons of MTHF from more than 10 billion Ibs LA. Similarly, the esters as diesel 
products could support at least 25 large-scale manufacturing plants. 

If the Biofine technology is adopted for large scale conversion of fuels and chemicals it 
could represent an energy saving of at least1 quadrillion BTU per year within the 
foreseeable future. 
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The Process Techno 

(Acid) (Acid) 
CELLULOSE -+ SUGARS ----+ LEVULINIC ACID 

+ 

FORMIC ACID 
k TARS 

HEMICELLULOSE ---+ SUGARS ---+ FURFURAL 
+ 
TAR 
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The Process Technology 

MOLAR: LEVULINIC ACID 70% 
YIELDS FORMIC ACID 50 % 

FURFURAL 80 % 

MASS: 0.5 Kg Levulinic acid 
frum 1.0 Kg ceUiduse 

BIOFINE 



PROCESS CHEMISTRY 

CELLULOSE 

1 (H+) 

SUGARS 

1 (H+) 

INTERMEDIATES I 

1 @+I 

HMF # 

1 
@I+) 

INTERMEDIATES II - 

1 (H+) 

LEVULINIC ACID 

+ TARS 

CONDENSATION 
REACTIONS 

RIOFTNE/ FORMIC ACID 



PROCESS CHEMISTRY & REACTOR DESIGN 

CELLULOSE 

FIRST 
STAGE 

FAST REACTION 
(seconds) 

FIRST ORDER 
p?iizGq 

SECOND 
I 

SLOW REACTION 
STAGE (minutes) 

FIRST ORDER + I IBACKMIXI 

1 REACTOR 1 

1 
CONDENSATION SUGARS 

I 
I REACTIONS 

INTERMEDlATES I -I 

INTERMEDIATES II 
I 

(minutes) 
SECOND ORDER 

I I I 
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THE BIOFINE PROCESS 
(CELLULOSE) 

1 
I 

1 1 1  

BIORNE 
REACTOR 

#l 

STEAM 

i 
CELLULOSE 
FEED 
(1 LB) 

BDFINE 
REACTOR 

Y2 

FORMIC 

(0.2 Ib) 

LEWLlNlC 
ACID 

PURIFICATION (0.5 Ib) 

COMBUSTIBLE 
bTAR/OIL 

(7000 BTU/LB) 
I (0.3 Ib) 

- 
MAKE-UP ACID RECYCLE ACID / WATER 

BTOFINE 



The Process Technology 

REACTOR SYSTEM - TWO STAGE (US Pat. 4897497) 

CONFIGURATION - STAGE 1 PLUG FLOW 
STAGE2 CSTR 

TEMPERATURE - STAGE1 420F 
STAGE2 380F 

ACIDITY (H,SO,) - 2 4 %  (Wgt) 

RESIDENCE TIME - STAGE1 15SEi 
STAGE2 12MIN 

PRESSURE 

YIELD€ 

- STAGE 1 444 PSIG 
STAGE 2 200 PSIG 

m LEVULINIC ACID: 70% (MOLAR) 
FURFURAL: 80% (MOLAR) 
FORMIC ACID: 50% (MOLAR) 

BIOFINE 



BIOFINE LEVULINIC ACID PRODUCTION 
OVERALL PROCESS SCHEME 

Biomass Acid Product Product --) Levulinic Acid to 
+ Feed/Acid -+ Reaction --) Feedstock Separation -Separation* Refining Downstr- Conversion 

Process 

Acid Recycle 
Solid Residue 
to Boiler 

1 BIOFINE 1 



PROCESS BY PRODUCTS 
TAR, FORMIC ACID, FURFURAL, LIGNIN 

TAR 
- PHYSICAL PROPERTIES (M.P. 200C) 
- CRYSTALLINE, HYDROPHOBIC 
- SPECIFIC GRAVITY - 1.5 
- APPEARANCE: BLACK, CRYSALLINE 
- ODOR: NO APPRECIABLE ODOR 
- SLOW TO CRYSTALIZE & PRECIPITATE TOTALLY 
- 12,000 BTULB 

FORMIC ACID 
- VALUABLE BY-PRODUCT 
- GENERATED IN DILUTE SOLUTION 
- CAN BE PURIFIED OR WASTE-TREATED 

FURFURAL 
- GENERATED FROM HEMICELLULOSE 
- VALUABLE BY-PRODUCT 
- FREE SEPARATION IN PROCESS 

*LIGNIN 
- PRODUCED AS BROWN POWDER 
- SOURCE OF OTHER CHEMICALS 
- ENERGY SOURCE (12,000 BTULB) ------l 

BIOFINE I 
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CELLULOSIC FEEDSTOCKS 
RENEWABLE FEEDSTOCKS: 
WOODY CROPS (FORREST MANAGEMENT) 

SHORT-ROTATION SILVICULTURE (WILLOW, POPLAR, ETC.) 

OTHER ENERGY CROPS (SWITCHGRASS, ETC) 

POTENTIAL TO REPLACE CRUDE OIL ALMOST COMPLETELY 

POTENTIAL AVAILABILITY IN U.S. 2 - 5 BILLION DRY TONSNR 

ADVANTAGES CONTROLLED COLLECTION 

CLEAN, CONSISTENT 

HIGH LIGNINMEMICELL. CONTENT 

UNLIMITED AVAILABILITY 

DISADVANTAGES POSITIVE COST ($2ODRY TON) 

MODERATE CELLULOSE CONTENT 

SUPPLY NOT YET ESTABLISHED 



RECURRING FEEDSTOCKS 

PAPER SLUDGE: 

TOTAL AVAILABILITY (US): 

COST: 

CELLULOSE FRACTION: 

ADVANTAGES/DISADVANTAGES: 

3 TO 4 MILLION DRY TONS/YEAR 

$5 PER TON TO NEGATIVE (TIP FEE) 

45 TO 65 % 

FINELY DIVIDED, CONSISTENT, 
CLEAN, MAY HAVE POSITIVE COST 



RECURRING FEEDSTOCKS 

MUNICIPAL WASTE FIBER: 

TOTAL AVAILABILITY (US): 

COST: 

CELLULOSE FRACTION: 

ADVANTAGES: 

DISADVANTAGES 

100 MILLION DRY TONS/YEAR 

NEGATIVE (TIP FEE) 

45 TO 65 % 

NEGATIVE COST, HIGH 
CELLULOSE CONTENT, STARCH, 

VARIABLE QUALITY, NEEDS 
SORTING 

BIOFINE 



RECURRING FEEDSTOCKS 

AGRICULTURAL AND LOGGING RESIDUES: 

TOTAL AVAILABILITY (US): 

COST: 

CELLULOSE FRACTION: 

ADVANTAGES: 

200 MILLION DRY TONSNEAR 

$20 /TON TO NEGATIVE (TIP FEE) 

45 TO 50 % 

GOOD CELLULOSE CONTENT, HIGH 
LOCALIZED QUANTITIES, 
CONSISTENT, CLEAN, 
HEMICELLULOSE, LIGNIN 

DISADVANTAGES MAY HAVE POSITIVE COST 



THE BIOFINE PROCESS 
(PAPER SLUDGE) 

I I- 
L,,, 

BIORNE 
REACTOR 

#2 

FORMIC 

(0.10 Ib) 
b ACID BIOFINE 

REACTOR 
#l 

LEWLlNlC LEV. 
ACID h ACID 

PURIFICATION (0.3 Ib) 

STEAM -+ 

PAPER SLUDGE FEED (1 Ib) 
CELLULOSE 60% 
ASH 20% 
OTHERS 20% - 

I 

OTHEfiS (0.6 It31 
0.2 TAR 
0.1 OTHERS 

MAKE-UP ACID RECYCLE ACID / WATER 

BIOFINE I 
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BIOFINE INC. - PAPER SLUDGE PROCESSING 
CAPITAL COST VS. SCALE OF OPERATION 

Installation assumed adjacent to pulp/paper mill(s) 
Operating Cost includes 10 % depreciation 
Tipping Fees not included 

Scale of Operation 
dry ton per day 

1.5 
25 
50 

100 
125 
200 
400 
500 

1000 

Capital cost 
$mm 

3 
10 
16 
25 
27 
37 
53 
73 
90 

Production Cost 
$ per lb. 

3.00 
0.68 

0.33 
0.30 
0.25 
0.18 
0.16 
0.13 

0.44 

** 

BIOFINE 
INCL. DEPRECIATION 

LVAC Scale 
mm lbs. per yr. 

0.25 
5 
10 
20 
25 
40 
80 
100 
200 
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PROCESS OPERATING COSTS 

(PROCESSING 300 TO 500 TONS/DAY PAPER 
SLUDGE) 

CENTS PER POUND LVAC 

RAW MATERIALS 

UTILITIES 

LABOR AND MAINT’NCE 

OVERHEADS 

WASTE DISPOSAL 

CREDIT: (TIP FEE) 

CREDIT: (BYPRODUCTS) 

DEPRECIATION 

0.7 

2.5 

3.5 

3.5 

0.5 

(0.0) 

(0.0) 

6.3 

TOTAL I 17.0 

BIOFINE 
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LA Chemicals “Family Tree” 

Paper Mill Sludge 
or other Biomass 
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LEVULINIC ACID 
FORMIC ACID 

FURFURAL 
LIGNIN 

PHARMACEUTICALS 

SPECIALN 

ANGELICA LACTONE 
LEVULINIC ACID 
KETALS 
D A M  
TELRAPYRROLES 
LIGNINS 

I 
MONOMERS AGRICULTURAL TRANSPORTATION FUELS ENERGY 

SPECIALN FUEL 
POLYMERS 

AND PRODUCTS PRODUCTS AND PRODUCTS 

ADDITIVES 

SOLVENTS 
AND 

GENERAL 
CHEMICALS 

FORMIC ACID 
NMP 
PYRIDINE 
FURFURAL 
ETHYL FORMATE 
MTHF 
GBL 
PENTANEDIOL 
THF 
SUCCINIC ACID 

DlPHENOLlC ACID 
GVL 
BUTANEDIOL 
TH F 
SUCCINIC ACID 
FURANS 

D A M  
HALOGENATED 
DIPHENOLIC ACID 
FORMIC ACID 
LIGNINS 

CMA 
(ROAD SALT) 
D A M  

SODIUM 
LEVULINATE 
SUCCINIC ACID 
(LUBE OIL) 

(HERBICIDE) 

MTHF 
E H N L  LEVULINATE 
METHYL LEVULINATE 

HEATING FUELS 
TURBINE FUELS 
GASIFIER FUELS 
ELECTRIC POWER 

BIOFINE I 



r
 

x w 



~ 

MTHF 
A NEW OXYGENATE FOR RFG, 

ALTERNATIVE GASOLINE AND GAS TURBINES 
~ 

OCTANE VALUE -85 (LIKE GASOLINE) 
LOW R.V.P. (LIKE GASOLINE) 
HIGH M.P.G. (LIKE GASOLINE) 
FULLY COMPATIBLE WITH ETHANOL AND GAS 
REDUCES R.V.P. OF ETHANOL/GAS BLENDS 
20% OXYGEN CONTENT (LIKE MTBE) 
HYDROPHOBIC MOLECULE (LOW AFFINITY 

PROVEN IN ROAD TESTS (UP TO 70% 

APPROVED BY U.S.D.O.E. (“P SERIES”) 
SUITABLE FOR GAS TURBINE FUEL 

FOR WATER) 

BY VOLUME IN GAS) 

BIOFINE 



ETHYL LEVULINATE 
A NEW OXYGENATE FOR DIESEL FUEL, 

AND GAS TURBINES 

MEETS OR EXCEEDS ASTM D-975 STANDARDS 
VERY HIGH LUBRICITY (REDUCED SULFUR FUEL) 
LOW VOLATILITY (HIGH FLASH POINT) 
HIGH M.P.G. (LIKE GASOLINE) 
FULLY COMPATIBLE WITH DIESEL 
REDUCES SMOKE (SOOT) SIGNIFICANTLY 
OXYGEN CONTENT 33% 

SUITABLE AS A BLENDSTOCK FOR ‘‘FAME” (esters) 
SUITABLE AS GAS TURBINE FUEL COMPONENT 
PRODUCTION COST (LARGE SCALE) <$0.50/L 

NON-TOXIC “ G U S ”  (PERFUME ADDITIVE) 



Material and Energy Flows for 
Production and Utilization of 

Chemicals & Fuels from Biomass 

I ATMOSPHERIC I 

/ \ COMBUSTION PHOTOSY NTH ESlS 

CONVERSION 

I I 



CELLULOSIC FEEDSTOCKS 

I DISADVANTAGES 

RECURRING FEEDSTOCKS: 

' BTOFINE 

PULP AND PAPER SLUDGE, 

MUNICIPAL WASTE, 

CONSTRUCTION WASTES, 

AGRICULTURALEORRESTRY RESIDUES 

MANURE 

AVAILABILITY IN U.S. 

ADVANTAGES 

300 TO 400 MILLION DRY TONS/YR 

EXISTING COLLECTION SYSTEMS 

NEGATIVE COST (TIP FEE) 

HIGH CELLULOSE CONTENT 

VARIABLE QUALITY 

POLITICAL INFLUENCES 

LOW LIGNIN AND HEMICELLSE. 



DESIGN BASIS - 
The Biofine demonstration plant at South Glens Falls, New York is to be based 
on the following design basis assumptions: 

Plant location . EPIC ventures 
22 Hudson Falls Road 
South Glens Falls 
NY 12803 

Feedstock composition 
Dried paper mill waste with an assumed composition of: . Moisture Content 10% 

Solids consisting of (dry basis): 
o 80% cellulose 
o 5% xylan 
o 15Y0ash 

Plant production time 
40 weeks/yr 
96 hours per week manufacturing product (4 x 24 hours) - Solids delivery: 

Drying, delumping, and sifting 
Performed off-site 

Slurry feed pump 
Progressive cavity pump . Feed concentration > 5% cellulose concentration . Flow 2.3 gpm 

Pressure 450 psig 

Biofine reactor svstem: 
Process conditions : 
First stage plug flow reactor: 

Second stage continuously stirred tank reactor: 
. 12 seconds, 230°C, 45Opsig 

. Residence time - 30 minutes . Temperature - 200°C 

Extraction : 
Extraction using 5 stage centrifugal extractor 

Extractant - 2-methy tetrahydrafuran. 

Crude levulinic acid recover\/: 
I . Continuous packed column 



Recycle acid stripping column: . Continuous packed column 

Removal of residual water: 
Spray drier 

Levu I i n ic recovery: . Wiped film evaporator 

Utilities: 
High pressure steam 
Electric boiler 800 #/hr at 600 psig 

Medium pressure steam from EPIC ventures site 
500 #/hr at 250 psig 

Cooling water 
Once through; 250 gpm at 80 psi 

Chilled water 
Package chiller for WFEt 

Electrical supply . EPIC supply to plant transformer: 575 VAC 3 phase . Plant supply: 400 VAC 500 Amps 
w 



PROCESS DESCRIPTION 
w 

Solids handlinq 

The vendor package VP-101 provides solids to the pre-hydrolysis tank T-I 01. VP-101 
is a slave to the rate of aqueous acid addition to T-I 01. Once VP-101 is powered by 
the control start-up sequence, or enabled manually, the rate of addition of solids from 
the weigh hopper to T-101 is maintained in an operator set ratio against the flow of 
aqueous acid measured by FE-0103. The flow controller FIC-0103 totalizes the amount 
of recycle acid until it reached the amount calculated to give the correct concentration 
with a batch of solids from VP-101. VP-101 runs on demand with the weigh hopper 
being filled as required from the raw materials storage bin, and the raw materials 
storage bin being filled with sifted and screened material when this bin reaches low 
level. 

Recycle acid from the acid stripper is returned to the pre-hydrolysis tank, T-101 via the 
recycle acid pump, P-410. Level in T-101 can be adjusted manually by the operator by 
adding water into the recycle acid stream using plant water through the rotameter, FI- 
0636, or flash condensate through rotameter, FI-0303. The acid concentration of this 
recycle stream is monitored using the pH meter AE-0102 to adjust the addition of 
sulphuric acid by the dosing pump, P-I 11. The recycle acid, process water, and make- 
up acid is mixed using the static mixer SM-100. 

W 

The recycle acid and the solids delivered from the solids feeder, VP-101, are mixed in 
T-I 01. The slurry is completely wetted by agitation in T-I  01 using the agitator, AG-101. 

The slurry in T-101 is discharged to the Biofine reaction system by the positive 
displacement pump, P-I  01. The flow from P-I  01 is controlled by speed control on the 
motor of P-I 01. The speed control is manually adjusted to maintain the desired 
residence time in the plug flow Biofine reactor system, R-101. 

P-I 01 
The speed of P-101 is adjusted through SIC-01 15 to give the required process flow 
rate. This process flow rate is provided in the plant manager run sheet for each run and 
will set the PFR residence time. 

P-101 can only be started automatically due to the danger of equipment damage and 
personnel safety when starting this pump. P-I01 will start once the solids handling and 
the high pressure reactor units are in run state. Each time P-I01 is started a 
sequenced start up is activated by the control system to ensure the safe start of P-101 
and the high pressure reactor system. To ensure that P-101 does not pump against a 
deadhead the temperature control valve PCV-0202 is opened prior to starting P-I 01. 



High pressure reactor 
Acidic pulp slurry from P-101 is pumped to the Biofine plug flow reactlor, R-101. In the 
base of R-101 the slurry is mixed with 550 psig steam to heat the  reaction slurry to 
2200C. R-101 is maintained at 400 psig by a back pressure valve to ensure that no 
vapor is present in t h e  reactor. 

I 

R-I 01 discharges into the second Biofine reactor, R-I 02. R-I 02 is maintained at 
2000C by regulating t h e  flashed stream’s condensing rate on HE-101. HE-I01 is 
maintained at t h e  same pressure as R-I02 and the  condensing rate is changed by 
TCV-0212 changing the  bleed of non-condensible gases from HE-I01 to the  vent 
scrubber. The condensate from HE-I01 is flashed into T-201, with this flash being 
condensed on HE-I 03. 

The level in R-102 is maintained by LCV-0205 to regulate the  residence time in R-102. 
Hydrolysate from R-102 is discharged into t h e  atmospheric flash tank, T-102. The 

steam flashed from the hydrolysate joins the  flash from T-201 then are both condensed 
in the  atmospheric flash condenser, HE-I 03. The flashed condensates from HE-I 01 
and HE-I03 are pooled in t he  condensate drum, T-201. The pooled condensate in T- 
201 is discharged to aqueous waste by the waste pump, P-203. During a run which is 
water deficit in t h e  feed, t h e  flashed condensate can be utilized for water balancing by 
returning t h e  condensate to the recycle acid stream through rotameter, FE-0303. 

If excess water is in t h e  system this is removed by addition of steam to the  jacket of T- 
102. The hydrolysate from T-I 02 is discharged to solids clarification by the  hydrolysate 
pump, P-102. 

w 

Solids removal 
Hydrolysate from P-I 02 is cooled to below 70UC by the hydrolysate cooler, HE-201 
before being fed to t h e  centrifuge, CF-201. The hydrolysate is clarified in CF-201 and 
the  clarified liquor is discharged to the  hydrolysate collection tank, T-205. 

The solids removed from the hydrolysate are discharged to the solids collection screw, 
AG-210. The solids are continuously neutralized using caustic from P-210 which 
doses 50% caustic solution to neutralize the acidic waste from CF-201 (P-210 is 
manually set). P-210 r u n s  anytime that P-I 02 and LIC-0301 are active. AG-210 
discharges t h e  neutralized solids to t h e  solids collection tote for disposal. 

The clarified hydrolysate in T-205 is pumped using the  clarified hydrolysate pump, P- 
205, to the extraction system for recovery of the Levulinic acid. 

Extraction 
Clarified hydrolysate is pumped from T-205 by P-205 to t h e  centrifugal extractor, C-301 
where it is counter currently contacted with MTHF. The flow rate of hydrolysate to the 
column is controlled by FIC-0344 whose set point is cascaded from LIC-0326, t h e  level 



control on T-215. The raffinate from the C-301 is pumped using the centrifugal force of 
the extractor to T-415, the reflux drum of the acid stripper, C-410. T-415 acts as a final 
contacting stage for the raffinate before it is sent to the acid stripper for MTHF removal. Y 

The recycled MTHF to C-301 is cooled to optimum extraction temperature through HE- 
304 prior to entering C-301. The rate of MTHF flow to C-301 is controlled by FIC-0630 
which operates as a ratio controller of the hydrolysate feed rate to C-301 via a 
cascaded set point from by FIC-0344. After extracting the Levulinic acid from the 
raffinate, the extract is pumped from C-301 using centrifugal force and is collected in T- 
301. T-301 feeds the MTHF stripper, C-510 and cascades level to flow control to 
maintain a constant flow to C-510. Make-up MTHF is added to T-301 as required using 
the drum pump, P-305. 

Acid strippinq 
Raffinate from the extraction column, C-310, is received in the MTHF separator, T-415, 
which acts as a final extraction stage of the recycle acid stream. Water from VP-513 
seal water which is potentially contaminated with MTHF overflows to T-415. The water 
rich phase for these streams is separated from the MTHF rich phase in T-415. 

The aqueous phase is sent to the acid stripper, C-410, for the removal of dissolved 
MTHF. The interface level in T-415 is maintained by the level controller LIC-0624 which 
cascaded a set point to the column feed controller FIC-0641. AIC-0628 monitors the 
conductivity of the aqueous phase to ensure that the MTHF layer does not feed the 
column. A low interface signal from AAL-0628 will stop the feed to C-410 by stopping 
P-416, and disable the discharge of bottoms product from C-410 by disabling the output - 
of LCV-0601. 

On start-up water is brought into T-415 by opening XV-0639 to reach the minimum 
interface level in T-415. The stripped MTHF is removed as an azeotrope from the 
column and condensed in the column overhead condenser, HE-41 5. The azeotropic 
condensate from HE-41 5 is drained back to T-415. The MTHF rich phase from T-415 is 
separated by decantation and overflows a weir. The MTHF phase is removed from T- 
41 5 by the recycle MTHF pump, P-415. The rate of MTHF discharge from T-415 is set 
by the demand of C-301 for MTHF as controlled from C-301 by FIC-0630. LALL-0625 
will stop P-415 and inform the operator that additional MTHF may be required. 

The bottoms of the column are reboiled through the reboiler, HE-410. The boil-up rate 
is maintained by controlling the flow of steam to HE-410. The flow of steam to HE-410 
is regulated by FIC-0633 which takes its set point as a ratio of the column feed rate 
from FIC-0641. The flow of low pressure steam (20 psig) fed to HE-4’1 0 is controlled by 
FCV-0633. The MTHF stripped aqueous bottoms are pumped to T-101 by P-410 with 
the rate of discharge controlled by LIC-0601. LIC-0601 controls the discharge rate from 
C-410 by a forward acting, fail close discharge valve, LCV-0601A and a reverse acting, 
fail open recirculation valve, LCV-0601 B. If either TALL-0603, AAL-0628, or LALL-0601 



is tripped the controller output is disabled and LCV-0601A is closed. The recycle acid 
stream is discharged and cooled to 400C by the recycle acid cooler, HE-104, prior to 
return to T-1 01 . The temperature of the stream exiting HE-I 04 is controlled by TIC- 
061 2. TIC-061 2 controls the flow of cooling water to HE-1 04 using TCV-0104. 

- 
High high level in T-101 as indicated by LAHH-0104 or LSHH-0129 will cause the 
recycle acid flow stopped via XV-0629. Routine blowdown of acid recycle to waste is 
regulated by the operator set rotameter, Fl-0626, which blows down accumulated 
minerals in the recycle acid stream. 

MTHF stripping 
The MTHF extract from the liquid extraction column, C-301, is fed from T-301 to the 
MTHF stripper. The MTHF stripping unit consisting of T-511, T-510, HE-510, HE-51 1, 
HE-512, and C-510 is maintained at an absolute pressure of 150 mmHg by the vacuum 
system VP-513. Pressure is controlled by the addition of nitrogen as necessary using 
PIC-0710 to control PCV-0710. Extract is pumped with P-303 into the MTHF flash 
heater, HE-510, with the rate of feed controlled by LIC-0405, the level control on T-303. 
LIC-0405 is an interconnect between extraction and MTHF stripping and is only started 

once the MTHF stripper unit is in a available to receive status. The feed rate to HE-510 
is measured using FT-0702B. The rate of steam addition to HE-510 is regulated as a 
ratio to FE-0702B as cascaded by FIC-0702 to the steam flow controller FIC-0746. The 
two phase fluid exiting HE-510 enters the flash separator, T-511. The liquid flows by 
gravity from T-511 to C-510 through a liquid distributor onto the distribution plate for C- 
510, while the flashed vapors join C-510's distillate line prior to condensing in HE-51 1. 

The distillate from C-510 is an azeotropic mixture of MTHFWater. The distillate is 
condensed in HE-51 1 and received into the reflux separator drum, T-510. The 
condensate forms a heterogeneous azeotrope which is separated into a MTHF rich 
phase and a water rich phase in T-510. The water rich phase is refluxed to C-510 using 
the reflux pump, P-512. The reflux of the aqueous phase is controlled such that the 
average feed composition is always on the water rich side of the azeotrope to ensure 
residual water in the product. To achieve this the speed of P-512 is controlled by FIC- 
0702 as a ratio of the feed flow, FE-07029. The MTHF layer is returned to extraction in 
T-415 by P-511 with level control by LIC-0722. 

v 

There is a water deficit in T-510 as more water leaves in the MTHF separated from the 
distillate and in the crude LA residue that leaves the column. Process water is added to 
T-510 by control using LIC-0708 which intermittently opens XV-0729 to meet this water 
deficit and maintain the interface level in T-510. 

The residue at the base of C-510 is reboiled using HE-512 which controls the 
temperature in the base of the column to regulate the water content of the residue. The 
column reboil temperature is controlled by cascading the temperature controller as a 
reverse acting controller to the set point of LIC-0720, the condensate level in HE-512. 
As the temperature measured by TIC-0724 rises the set point for the condensate 



blanketing in HE-512, LIC-0720, is raised to reduce heat input. The bottoms are 
metered to LA finishing, by the WFE feed pump, P-513 whose speed is controlled by 
the column level controller, LIC-0703. The column level controller also controls the LA 
finishing isolating valve XV-0728 which is not opened unless LIC-0703 and P-513 are 
running. If the reboiler temperature drops below TALL-0724, or the column pressure 
rises above PAH-0710 then LIC-0703 is disabled until the temperature/pressure is back 
within operating bounds. 

I 

Finishing 
Crude Levulinic extract stripped of MTHF by the MTHF stripper, C-510, is delivered to 
the air stripper by P-513. If during start up the air stripper by pass option is chosen then 
P-513 will be feeding the WFE directly. The air heater blower, 8-550 is started and the 
exit air temperature brought up to set point using the steam heated coils in HE-550. 
The air stripper temperature control is by TIC-0862 which regulates the flow of steam to 
HE-550 by the steam control valve TCV-0862. On start of B-550, the compressed air 
isolating valve XV-0869 is opened to allow compressed air to the air stripper atomizer. 

The Wiped Film Evaporator, C-515, is evacuated by the plant vacuum vendor package, 
VP-513 and the WFE vacuum package, VP-520. The WFE vacuum is held by the non 
return valves in each of the discharge and inlet lines. The temperature in the WFE is 
regulated by the stand alone temperature controllers TIC-0861, TIC-0862, and TIC- 
0863 which control the temperature of the electrical tracing on three zones of C-515. 
The feed from the air stripper (or directly from C-510 if the air stripper is being by 
passed) is delivered to T-515 where residual water is flashed from the solution. The 
pressure in T-515 is maintained at 50 mmHg abs. by the process vacuum package, VP- 
513. The devolitizer feed flashes the residual moisture to VP-513. The vacuum in the 
WFE sucks the stripped feed from T-515 into the WFE, C-515. The devolitilized crude 
hydrolysate is uniformly distributed onto the heating surface by the wiped film 
evaporator stirrer. Pressure in C-515 is maintained at 10-25 mm Hg abs. by the vendor 
vacuum package, VP-520. Pressure in the WFE is maintained manually by the addition 
of N2 through a bleed valve to VP-520. Levulinic acid is evaporated from the crude 
Levulinic acid slurry by heating on the surface of C-515. The LA distillate from C-515 is 
condensed on HE-515 using chilled water. 

U 

The condensed and subcooled LA product from HE-51 5 is pumped by P-520 to the 
Levulinic acid product drums. The Levulinic acid product is received into one of two 
drums. The WFE controller regulates the speed of P-520 to ensure that the product 
level does not exceed the height of the product sight glass. Product flow from the WFE 
is measured and totalized using FIRQ-0834. 

Product is received into drums which are switched as they fill. As a drum is filled its 
level is displayed on the operator interface. When the drum reaches high level an 
alarm is generated to tell the operator to change drums. The drum change over 
procedure is for the operator to position a new drum and make process connections 
which are sensed by the proximity sensor ZS-0845 (or ZS-0846 depending on the 



drum being added), once this drum is in position the operator actuates the hand switch 
HS-0847 which opens the new discharge valve and closes the discharge valve for the 
current drum (XV-0841 and XV-0842). The operator then switches the manual divert 
valve on the WFE to allow the new product drum to fill. The product drum level sensor, 
LE-0835, is then swapped to the drum being filled. 

I 

Residue from C-515 is pumped to the organic waste drums by P-515. The two waste 
receiving drums are managed in the same manner as the product drums. The operator 
allows one drum to fill, and then switches product to the other receiving drum using the 
hand switched product valve (switching XV-0839 and XV-0840) and the diverter valve. 
The level sensor which indicates the level in the waste drums is LE-0812. 

Effluent treatment, T-701 
Effluent is treated by neutralization in T-701. Effluent from process wastes is received 
in T-701 and pH adjusted to 7.0 by the dosing pump, P-710 while being agitated using 
AG-701. Effluent is well mixed in the first compartment of T-701 before continuously 
overflowing to the second partition of T-701. In the second compartment of T-701 the 
effluent is further trimmed to ensure the pH is 7.0. The second compartment in T-701 
is agitated using a continuous recycle from the discharge pump, P-704. The treated 
effluent is discharged using P-704 which discontinuously discharges effluent by level 
control. The effluent treatment process starts as a unit with the utilities start from the 
process overview screen and runs continuously. 

Organic hold tank, T-703 
The organic hold tank, T-703, and the organic hold pump are used to hold organic 
solutions from process prior to reprocessing or discharge to organic waste. Organic 
fluids can be sent to T-703 from organic process areas. P-703 discharges from T-703 
to either organic waste for drumming or to T-301 for reprocessing. The operation of T- 
703 and P-703 is totally manual. 

- 

Inorganic dump tank, T-702 
The inorganic dump tank, T-702, and its associated discharge pump, P-702 are used to 
handle dumped aqueous process liquors. The contents of T-702 can be discharged to 
either T-I 02 for preprocessing or to effluent for neutralization and discharge. The 
operation of T-702 and P-702 is totally manual. 

Relief tank, T-704 
T-704 is a containment tank used to retain the contents of aqueous pressure relief lines 
in the process. The contents of T-704 are removed by the use of a mobile transfer 
pump. 



3 t. 
. .. 

! I 

L 

Noiiniia a333 

I@ ibZ os n' 

ti31VM 



0 5  

0 0 3  

05 

MAKE-upE WATER 

AQUEOUS 

PHASE 
I - 
'0 

SOLVE VT 1 

DECANTER r 
1053 

- 
2 

46 
& WATER 

- 

(NOTE I )  (GJ 

WIPED 1 AIR 

KEY 
( ' S / h r )  

' ~ / , ~ / g )  

5/20/96 

4/02/96 

DATE 

THRL ROOF 

I 
W S  CONSUMPTION C,s, 

GENERAL C.S. 

GENERAL C.S. 

DESCRIPTION CHECKED BY APPV'D BY 

1000 

1053 

MP 
STEAM 

m - S 0 LVE NT - 
PHASE 0 

MP CONDENSATE 
RETURN 

MP 
STEAM 

MP CONDENSATE 
RETURN 

gq 37 

c 
TARS TO 

WASTE 

NOTES: 

1 .  SOLVENT FLOWS %OWN FROM 
STRIPPERS ARE NETT FLOWS, 
& REFLUX RETURh STREAM ARE NOT SEPARATIOR SHOWN. 

ER: I 

BO02 
EO0Z.OWC 



I 

PFD1 PFWPFDl CWG 

300 Ib/Fr 

SM-!OO 
?RE-HYDROL"SIS -ANK S T A T i C  M lXER 

A G I T P T Y  

1-131 
DREYYDROLYSiS 

DRUM 
100 GAL.  

F I R S T  STAGE 
HYDROLYSIS 

REACTOR 

R-:C2 
SEtOfvD STAGE 

H Y 3 R 3 L Y S I S  
REACTOR 
150 GAL.  

SULFUQIC ACID 

NAKE-t.P 
D 

I 

I 

I 

--r-L-c P-111 4 

SULFURIC A C i D  
DRUM I 

--1 I-------------- 

1 LEGEND: 

~ 0 TEMP "F  

I 

BLOWER 

I 

6 I 

I 
I TO 
I VENT 
I BLCWER I 

I 

VP-101  I 

1 3 PRESSLRE, pstg 

I 
I 

P-111 

sH CONTROL PUMP 
ACID RECY CL E 

1 GPY e 20 P S I  

2-101 

5 GPM @ 600 P S I  
-IVDRCILYSIS WWP 

BioMetics I 
WCESS ENC~NEER~NC ' VNIMlloN ' MRCHIECNRE ' CUP CONSULnK. 

100 BEAR dlLL :D., WALTHAM MA 02154 
j17 684-833 I FAX E; 7 684-8335 

NOTES. 
1. STREAM NUMBERS I N  0 REFER TO THE 

PROCESS MASS BALANCE. THE SASlS IS 
GIVEN IN  DWG. PROCESS MATER!AL 
SALAIUCE - 001. SENSITIVITIES AROUND 
GI\~CCS\O~~-DOC\PFDBASIS.CRS. THIS ARE GIVEN :N: 

BlOFlNE 
JOB NUMBER: 96 

DRAWN BY: E.B. 

CHECKED BY1 B.J.P. 

DATE: 12/15/95 

REVISED: 2/29/96 

4/17/96 
7/16/96 
1/20/97 

6/26/97 
SCALE: N.T.S. 

SOLIDS DELIVERY 
AND 
ACID HYDROLYSIS 



I 
L
 

b
-
-
, 

I 

c
 

U
I

 
V

J
 

+
- 

z
 z 1
 

//
 

Q 
I- 
r
-
 

\
 
/
 

I I 

I 
I 

I
1

 



I
 

a
-
 

-
 

P
 

I
t

 

!2 W
 

t-
 

tt-
 

E 

I 
!I 

0
 

n
 

-
 

z
 

m
 



HE- 1 0 4  C-41C n E - 4 1 0  HE-41 5 7-41 5 - __. 
RECYCLE ACCi RECYCLE ACID RECYCLE ACID AZEOTROPE ivITQr PHASE 

1 1 0 0  -B/bR 250,003 BTU/HR 94,003 BTU/clR Z75 GAL 
S-R FFER ?EBCILE? CGNDEYSER SEPARATOR COOLER 

I 5 0 , c c o  BTU/HR 

I 
i 

HE-41  5 

r---- 
I 
I 
I 
I 

I \  / I  P - 4 1 6  
M 
P - 4 1 5  

LEG EN 9 ~ 

TEYP "c 0 

TO 
VENT 

4EADER 

r - - - - - -  
I 
I 
I 

f 

? - 4 1 0  P - 4 1 5  P - 4 1 6  - 
RECYCLE ACID RECYCLE MTHF 3ECYCLE AQUEOUS 

PUMP PUMP PUMP 
5 GPM Q 33 PSI 3 GFM Q 2 1  PSI 5 GPM -Q 33 ?SI 

1 BioMetics 1 
NOTES: 

1. NITROGEN FOR START-UP 
PURGiNG ONLY. 

BlOFlNE 
JOB NUMBER) 9 6  

DRAWN BY! E.B. 

CHECKED B Y  C,S 

DATE 4 / 0 2 / 9 6  

REVISED 7 /16 /96  

1 /20 /97  

6 / 2 6 / 9 7  

SCALE, N T S  

MTHF 
STRIPPING 
AND 
BLOWDOWN 

IPFD4 



L
 

0
 

I I I 
I I I 

P-
--

 

9
 

I r
-
-
-
-
 ”8

 
I
@

-
-
-
 

_I 



7
-
 

I I 

1 I I I I I I I I I I I I I I I I 



Y I 

r-- 
1 I 

I 
I 
I 

I 1 )  I 

I 

I 
I _ _  _ _ _  I 

R.."-j: f = = - 2 = = - = :  - 0  I = = ;  = = = = : =  = = = = - = = : =  = = : =  = - + - -  = = - I -  - = - - ~ - 1  
ii 

I 
I 
I 
I 
L 

I 
I 
I 
I 
I 

---I 

4) 

I 
I 
I 
I 
I 

-101 - 

I --.-.---- BioMetics I 

E. RH-0119 d R-OlY. P M  OF 

u U 

M - 0 1 0 2  

C O N N E r n  m wrcMo( mnrcx 

2-1/2'0 FOR AT LWT (r. URK) 

CONcDmPc RmucER LK) 7HE 

13. P-111 fucnON DtsMrrpE NEW 

14. WNP OECHMCS PI- m BE 

TO BE m 1- u510 

- m e ~ ~ ~ c a m ~ ~ n r o v  

rYm9EI-E FRON - 
17. P-101 & T-101 ME To BE ClDS 

COUPLED. T-101 BQTXIN OlmET 
PLD TO BE =ED MREcRl To 
P-101. 

la. Damr, 

USERA 
HANO VALE% 

w-0101 WRU Hv@ 
UNE 

OlWl THRU 01018 

iNSTRUKNT #n 
0101 THRU 0132 

DOE16 IO F I N E 



1 
I 

DOEIB IOFlN E 

PID-002 



I 

1 d 

l
a

 

U
 
0
 

rn
 3
 

75 n - Z
 

rn
 

*0
@

 

I 

7 



I 

I I 

BioMetics I 
I I --.-.-.-- 

!JsEua 
" 4 0  V N V E S  

UNE #a 

INSTRUENT #a 
O f 0 1  MRU 0 4 U  

!JsEua 
" 4 0  V N V E S  

UNE #a 

INSTRUENT #a 
O f 0 1  MRU 0 4 U  

DOE/B I OF I N E 

P1D-004 



W
 

r I I 'c
 

I I I I I I- I I I I i I I I I I I I 

1 L 

I
t

 

-i! I I I 

-t I I I I 

I I I I I I I I I I I I I !I I \ I 

j
I

 
I I I I I 



12 B 
1--

---
- 

1 I I j j j j j i j j I I I I I I
 

I I 

I 1 j / j I j j I I I
 \ I
 I I I I
 I I 

I I I I I 1 

A
 

I 

-.I
 

L
 

L 

I 



n I 800-01d 

Y 

h 

r----------- 

K' 



I 

C
I
 

t3 

L i i 1 i 3 &
 

-
 

L 

I I 
I

%
T

b
 

I I I I I I I I I I I I I I I 1 I I
@

 

I I I I I I I I I I I 1 I 

@
.&

&-
--

--
- 



I 

1
 r ~-

 

-
-
-
-
-
-
-
-
-
1
 

I 

!-
- 

t 
\
 -
-
-
-
I
-
-
-
-
 

I- F c! 
e I 

-
 I 

c
 

n
 E 4 N 



i I  I 

- P-731 
-----..___---I 
'H- 730 - 

I 1 

UgQtri 

H V - m  TWU HV 7371 0 Hh'Ul VALMSi  

LINE *s rNs~E&@ n o m  

I I I I 
- b 

U 

lOE/B I OF I N E 
f 

UFD-073 



29’ 35’4 21’4 

11 11 1I 

1 “.I~--~--}~~_,----,- --,-,,- -‘--“‘. i ,, , 

SCHEME X 7/3/96 
GROSS AREA: 5,000 SF 



--._ , . “_-P ”  __--_-_-.-.l 

-- 

-- 4 87-U 

u acv+- u nE+- 

North Elevation West Elevation 

-- 
tr-c+- w-u +- 

ITIm@- D aEv.+ 

South Elevation Ed Elevation 

ELEVATION ORAWNGS ILLUSlRAK BUILDING SHAPE AND MATERIALS ONLY. 
FINAL ELEVATION DESIGN. DETAILS AN0 CONSlRUCllON OOCUMENTS ARE 
TO BE DEVELOPED AN0 PROOUCED BY THE OESlGN/BUILO TEAM. 

IA-2 



! 



C c 

Photos of Biofine’s Commercial 
Demonstration Plant in 
South Glens Falls, NY 

. . 
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BIOFINlE DEMONSTRATION PLANT 

FEEDSTOCK STORAGE 
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BIOFINE DEMONSTRATION PLANT - 

FEEDSTOCK HANDLING 
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BIOFINE DEMONSTRATION PLANT - 

OPERATING AREA I1 
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SECOND STAGE REACTOR 
(R-102) 
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'WXREI) FILM EVAPORATOR AND 

HIGH PRESSURE BOILER 
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SOLVENT STRIPPING (C-500) + ACID 

STRIPPING (C-400) COLUMNS 
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BIOFINE DEMONSTRATION PLANT - 

PRODUCT COLLECTION r  
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DATE: August 8,1996 

TO: S. FitzpatrickB. PichetteK. South/S. Tsai 

FROM: T. Y. Lam 

SUBJECT: Biofine Demonstration Plant 
HAZOP Review Meeting Report 

Attached is the draft HAZOP Review Meeting Report for the Biofine Demonstration Plant. The 
HAZOP was conducted in accordance with a classical guide word technique for normal plant 
operation only. M O P  for startup, shutdown and emergency shutdown has been deferred to a later 
date. The specific methodology and scope are as outline in the July 16, 1996 BJP Memorandum 
(also attached). 

Please review and address all items with a Risk Rating of A or B or with specific recommendations. &i 
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BioFine HAZOP Review 

Flow - MORE 

Flow - LESS 

Composition 
AS WELL AS 

Composition 
PART OF 

Flow- 
NO 

Flow - MORE 

Flow - LESS 

c 

1) Weigh element out of More solids fed to T-101 Mich 1) T-101 level control 2 3 C Software to have trending and alarms based on 
calibration will inhibit flow to P-101. 2) Weigh elements have inherent self 2 3 C rate deviations >5% b r  control variables 
2) Weigh element failure diagnosbics 

fails 

Same as MWE flow. 

Foreign object larger than 2" P-101 failure Solids delivered presiited 2 3 C SOP and quality requirements on ked materials. 

Excess or lack ofwater and/or Improper feed composition Cellulose feedstock delivered in 2 3 C SOP for cellulose feedstock sampling to include 
cellulose 

1) W-0629 in wrong position T-101 level drops 1) FAL-0103 & valve position 3 3 C If position svitch differs from required operating 
2) LE-0104 on T-101 fails high indication position, then alarm. 

1) FE-0103 fails high Water balance not maintained 1) LE-0104 3 2 C SOP for normal operation require operator to 
2) FI-0132 IeR open 2,3) LE-0104 & FAH-0103 3 2 C monitor T-101 level to maintain Meter balance. 
3) FI-0303 leR open 

Same as MORE flow. 

3) Flex conveyor speed control 3) Hopper weigh element 3 3 c  

which will prohibit LA 
production characterized prior to use. 

batches Mich are quality tested and % moisture, % cellulose & titrations. 

2) FAL-0103 & LSHH-0129 3 3 c  

c 
August 5,1996 

1 

2 

2 

Deviation LauSeS I Consequences I Safeguards I SI FI Recommendations 

Flow- 
NO 

1) Empty Bag 
2) Bridging of Bag 
3) Bridging of feed to T-101 
4) Flex convep speed control 
fails 
5) Feed system weigh element 
fails. 
6) Foreign object (larger than 2') 
7) Solids freezing 

No solids fed to the process 1,2) Weigh element and LSL on ked 
hopper, bridge breakers on bag sides, 
& software monitoring of time for bag 
to empty. 
3) None 
4) Hopper weigh element 
5) LCL on feed hopper and the weigh 
elements have inherent self 
diagnostics 
6) Solids delivered presiited 
7) Solids stored in heated area 

3 

3 
3 

I 2  

i f  
I 

L 

2 j 

I None 
Composition Solids in rec)cle acid line I Possible plugging 
AS WELL AS I I 3 I 3 I CI Veryunlikelyto occur 

Page 1 of 16 



c 
Consequences Safeguards S 

BioFine HAZOP Review 

F R Recommendations --- --- 

Augus 

Deviation 

Composition 
PART OF 

c 
5,1996 

Causes 

Excess or lack suliuric add due 
to pH meter Qilure 

2.1 

2.2 

3.0 

4.0 

No add or high acid in the 
system 

Routine operator sampling at HV- 3 
0123. 

I 
Water enters 98% H2SQ 
drum, possible eqk)sive 
reaction 

Solvent vapors in an 
unclassified area, electrical 
hazard. 

None 1 2 A 1)RemovePSV 
2) Reduce H2SQ concentration from 98% to 
-50% or less. 
3) Surround HzS04 drum With plastic shroud. 

None 1 3 B 1) SOP for MTHF & HSQ storage in different 
areas. 
2) Drums to be purchased in diferent colors. 

Flow - 
MOREILESS 

Flow - 
REVERSE 

Pressure - 
LESS 

P-111 stopped 

Same as 2.0 Composition 

Composition - 
OTHER THAN 

Flow - 
REVERSE 

Level - MORE 

Level - LESS 

Same as RNERSE fow 

MTHF drum used in place of 
Ha04 drum 

Low PW header pressure 

WEILE-0104 fails low 

WEILE-0104 fails high 

Sulfuric acid contaminating the 
PW header & MOC of PW 
header not designed k r  HzSQ 

Flow- NO 

None 

1) P-101 failure due to stator 
2) PCV-0202 fails dosed or is 
blocked 
3) Spectide blind dosed 
4) Line blockage Q ked to P- 
101 
5) Line blockage atter the pump 

1 

I 

3 B 1) Add swing elbow to isolate the PW during 
operation. 
2) Move PW point of entry to after the blind 
flange near T-101 for gravity drainage. 

~~ ~ 

P-101 runs dry 

T-101 overflows 

LSLL-0116 3 3 c  

LAHH- 0129 3 3 c  

3 

C 
C 

C 

C 
C 

1) SoRware to have trending and alarms based 
on rate deviations >5% fw conW variables 
2) Consider the addition of a spare pH meter. 
3) Verify stainless steel compatibilitywith higher 
concentrations of H&04 

3) Operating SOP for system start-up \nil1 require 
operators to ensure hand valve and spectide 
blind positions 

1) Reactor shutdm 
2,3) High pressuriation of 
R-101 system. 
4) Pump runs dryand ruins 
stator 

1) FAL-0102, PAL4202 
2) PAHH-0202, PSH-0119 & FAL- 
0121 
3) PAHH-0202, PSH-0119 & FAL- 
0121 
4) FAL-0121, TAHH-0201 
5) FAI-0121 

3 
3 

3 

3 
3 

3 
3 
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BioFine HAZOP Review August 5,1996 

Deviation Causes Consequences Safeguards S F  

Flow - HIGH 1) P-I01 speed controller Bils 1,2) System shutdown 1,2) None 3 3  

3) PSV-0202 remains stuck everse flaw from R-102 4) PAL-0202 intellodc 2 2  
open 4) Possible personnel injury 5) None 3 3  

2) TCV-0201 fails open 3) System shutdm and 3) PSE-0209 

4) Line failure 5) Wasted feedstock 
5j ~v-0118 1 3  

3 3  

I I I I I  
I I  

Flow - 
REVERSE 

1) HP steam Q lowpressure 
2) Pump bridging of stator 
failure 

1) Addic liquid enters boiler 8 
corrodes I 2) Steam now thru P-101 to T- 

1) None 
2) FE-0121 I 

101 

Flow - LESS 

Temperature - 
HIGH 

Temperature - 
LOW 

Pressure - 
MORE 

1) Line blockage I) Overpressuriation of reactor PAHH-0202 if blockage @ line or PAL- 3 3 
system 0202 if blockage prior to PE-0202 

TCV-0201 stuck open Reduced residence time in TAHH-0201 3 3  
reactor 

1) Low steam pressure 
2) High reactor pressure 
3) TCV-0201 fails dosed 

1) tine blockage 
2) Excess steam due to TCV- 
0201 open 
3) Specticle blind in w n g  
position 
4) PCV-0202 dosed 

Pressure - 1) PCV-0202 studdhiled open 
LESS 2) TCV-0201 failedlstuck dosed 

3) P-101 failure 

Phase - MORE 1) Steam not condensing due to 
low pressure 
2) Too much steam due to TCV- 
0201 open 

Incomplete reaction 1) Added PIT on boiler line 

3) TAL-0201 
2)TAL-0201 8 PAHH-0202 

1) See LESS low 
2) See MORE flow 
3) See NO flow 
4) See NO flow 

I) See HIGH flow 
2) See LOW temperature 
3) See NO flow 

I) See LESS pressure 
2) See MORE flow 

r 

Recommendations 

C 

A 
C 

B 
C 

- 
A 
C 

- 
C 

- 
C 

- 
C 
C 
C - 

I) Add FAH to FlQOl21 
2) Add ON/OFF valve on steam line H/ same 
operatin permissives as TCV-0201 
3) Depressurize R-I 02 by overriding TCV-0212 
control into an open position 
4) Reactor area to be t.~lly enclosed & restircted 
area. 
5) Operating SOP for system start-up Hill require 
operators to ensure hand valve and specticle 
blind positions 

1) Add PIT to boiler supplyline 
2) Set PAHH setpoint Q 550 psi; Add skin 
temperature Indication ater FE-0121; Add 
plexiglass endosure around the viton joint; Veri9 
if mag meter can diferentiate reverse tow. 

Add ON/OFF valve on steam line UJ same 
operating permissive as TCV-0201 

Page3of16 



August 5,1996 

leviation Causes Consequences Safeguards 

hroSion/ 1) More than anticipated Line blowout 1,2 & 3) Routine hylrotest of 
3vslon - 2) More add R-101 system; Cinder block 
dORE 3) Grittyfeed stock endosure around R-101 base: 

Reactor area to be blly endosed & 
restircted area 

=orrosionl Low pressure in HPS line Une failure None 
Erosion - therefore reverse now 
MORE 

%w - MORE 1) TCV-0212 failed open 1,2) R-102 depressurizat'n, 1) PAL-0208 
2) LCV-0215 failed open vapor dump to vent sytem & 

possible shutdown 
2) PAL-0208 & LAL-0215 

-low - LESS 1) TCV-0212 Igiled dosed 1) HE-101 will blanket w/ vapor 1) PAHH-0208 
2) LCV-0215 failed dosed 
3) Cooling Water fails 

so R-102 pressure Mll rise. 
2,3) No condensation - vapor 
entrained wl liquid enters the 

2& 3) PAHH-0208 

\- 

BioFine NAZOP Review 

S F  

1 3  

2 3  

3 3  

3 3  
3 3  
3 3  

1) Increase the si= of the vent header to approx 
4" 

' 2) If position sfitch on valve differs from required 
, operating position, then alarm. 

I 

Temperature - 
HIGH 

Temperature - 
LOW 

Pressure - 
MORE 

Pressure - 
LESS 

FIOW - OTHER I LOW cooling water flow 
THAN 

1) Maltunction of TE-0212 

TCV-0212 or LCV-0215 fails 
open 

TCV-0212 or LCV-0215 bils 
dosed 

TCV-0212 or LCV-0215 fails 
open 

Level - 
NO / LESS 

6 

F 

B 
- 

R-102 
1) LE4205 - fails high 1) Level rises in R-102 1) LAH-0301 3 3 c  
2) LCV-0205 - fails open 2) Level rises in R-102 2) LAL-0205 & LAH-0301 3 3 c  
HE-101 

- 
c 

- 
C 

C 
C 
C 

I ventsystem . 

No condensation - vapor PSE-0207 
entrained wl liquid enters the 

I See MORE flow 

See LESS low 

Recommendations 

Change material of construction torn carbon 
steel to stainless steel 

3) LCV-0215 - Fails open 
4) No cooling water supply 

See MORE flow 
See LESS flow I 

Add LAHHH to Shut P-101 dOWl 
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c 
1 

Safeguards S 

I) LAHH-0219 
2) LAHH-0205 & LAHH-0219 

3) LAH-0215 & PAHH-0208 
4) PAHH-0208 

d 

F R Recommendations 

3 3 c  
3 3 c  

3 3 c  
3 3 c  

R-I 02 
I) LCV-0205 - stud dosed 
2) LE-0205 fails low 
HE-I01 
3) LCV-0215 - fails dosed 
4) LE-0215 - element failure 

2) Solids impinge on R-102's 
bottom 
3) Dio tube erosion 

I )  R-102 has a faulty liner 

1) Reactor system shutdm 
2) Reactor system shutdow 

3 & 4) No condensation - vapor 
entrained w/ liquid enters the 
vent system 

R-102 failUre 

1 & 2) LAHH-0219 & LAHH-0205 

2 3 c  

3 3 C Add LAHHH to ensure shut-dovn of 

1) LCV-0205 fails open 
2) LE-0205 fails high 

Erosion In turbulent region post 
LCV-0205 

T-I 02 level jumps up 
T-102 level jumps up 

Line rupture 

1) LAL-0205 & LAHH-0301 
2) LAHH-0301 

None 

3 3 c  
3 3 c  

I 3 B Mount LCV-0205 flush to R-102 and bllow it with 
a zirconimum elbow. 

None 

PSE-0308 ruptures 

3 3 c  

3 3 C Operating SOP for system start-up 1411 require 
operators to veriw hand valve positions 

None 3 3 c  

I )  None 
2) Failure alarms @ R-102 

3 3 c  
3 3 c  

I 

BioPine HAZOP Review August 5,1996 

Deviation Causes Consequences 

Level - 
HIGH 

I I I I  
I l l 1  

corrosion I 
Erosion 

Enclosed area to personnel Routine leakage monitoring 

Flow - 
NO 

I) Une b l h g e  
2) LCV-0205 fails dosed 
3) LE-0205 fails low 

System shutdm 

I 3 331 :I p-lol 
3) LAHH-0219 

Flow - 
MORE 

Erosion - 
MORE 

8. 

- 
9,10, 
11 

Level - 
MORE 

LE-0301 fails low 1 Uquid overRows to vent None I) T-102 will be banging due to vapor hitting 
liquid level in T-102 and T-201 level increases at 
a areater rate than normal. 

Level - LESS 

Pressure - 
MORE 

~ 

I) LAH-0324 
2) None I 1 1 Add indeDendent LSHH 

Flow - 
NO 2) LE-0324 fails low vent system 

FlOW - 
MORE 

~ 

Excess feed rate to T-102 HE-I03 overloaded and 
excess vapro escapes to vent 
system 

I & 2) Less condensate to T- 
201 
and potential vapor lock on 
HE-103 

Flow - 
LESS 

None I) Condenser fouling 
2) Less CW 

Verify HE-I03 orientation( put process on shell 
side for better venting & draining) 

Temperature - 
MORE 

1) No cooling mter supply 
2) LCV-0205 fails open 

I) Vapor to vent s)stem 
2) Vapor to vent swtem 
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Deviation 

Pressure - 
MORE 

Phase 

Causes Consequences 

HE-103 vapor locked 

1) Condenser fouling 
21 Less CW 

Overpressure of T-201 

Same as LESS low 

Temperature - 
MORE 

Pressure - 
MORE 

Pressure - I 

LOW 

1) TCV-0312 fails dosed 
2) TE-0312 fails extractor, C-301 
3) CW none existent 

LCV-0301 fails dosed 

1,2 & 3) High ked temp. to 

Level rises in T-102 

Lack NPSH in pump, P-102 Level rises in T-102 

Erosion I 
Corrosion 

Flow - 
NO 

Add + M.O.C. Line failure 
compatability 

Bridging in T-210 Can't remove wstes 3 3 c  

Flow - 
MORE 

Flow - 
LESS 

Composition 

Temperature - 
MORE 

1) Excess caustic 
2) Excess H20 carryover 
3) Excess CaCQ ' 3) Higher pH Q T-210 

Leave HV-0441 open 

1) T-210 Q high pH 
2) T-210 fills quicker 

4) Overfill dNm /or 4) Spill 

Neutralizing chemical pH not adjusted 

Solids in liquid line 

Heat of Neutralization 

Solids in extractor 

M.O.C. in T-210 

2 

3 

2 A 1) Consider changing to CaCQ 
Fed via auger 

3 3 c  
3 3 c  
3 3 c  

3 C Operating SOP for neutralized material to be 
neutralize - sample - adjust - sample 

2 

3 

2 A Add duplex filters downsteam of P-205 

3 C Verifyheatofmixing 

Flow - 
NO 

1) FCV-0344 fails dosed 
2) P-205 fails 

1) T-205 fills 
2) T-205 fills 

c 
BioFine HAZOP Review August 5,1996 

SI FI d Recommendations Safeguards 
I l l  

None Rupture disc on T-102 services both T-102 & 
T-201 since theyshare a common vent. 

1) LA"-0301& xAH-0343 
2) LAL-0301 & xAH-0343 
3) xAH-0343 

1) High level in T-102 
2) LCV-0301 fails open 

1) Centrifuge shuts d w  
due to high torque 

1) Liquid overflows to vent 
2) Liquid overflows to vent 2) LCV-0301 fails dosed 

1) None 
2) LAH-0301 

1) T-102 Mll be banging due to vapor hitting 
liquid level in T-102 and T-201 level increases at 
a greater rate than normal. 

1) TAHH-0312 & TAHH-0341 
2) TAHH-0341 
3) TAHH-0312 & T A "  0341 

LAHH-0301 

LAHH-0301 

None 

Agitator designed to handle bridging 

1) T-210 designed to hold 
hazardous materials 
2) LSH-0340 
3) Minimum pH b r  CaCQ is 6. 
4) Sump in area and deanup process 

None 

None 

None 

15. 1) FAL-0344 I LAHH-0326 
2) FAL-0344 I LAHH-0326 3 3 c  31 31 cI 
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BioFine HAZOP Review August 5,1996 

Deviation I Causes I Consequences Safeguards SI FI d Recommendations 

Effective extraction coefficient 
reduced. 

FCV-0344 fails open I Flow - 
HIGH 

1) LAL-0326 
2) (2-301's capaatyls 4 times that of 
design. 

None 

3 3 c  

I I 

I M-03250pen 
Flow - 
LESS 

I Product to mste tank 3 3 C Operating SOP for system start-up i l l  require I I I Operators to verify hand valve positions 
~~ 

Level- LOW FAL-0344 
I l l  

LE-0326 fails high 

LE-0326 fails low 

T-205 empties + P-205 runs 

LCV-0326 doses and T-205 

3 3 c  

Level- HIGH FAL-0344 3 3 c  

~~ ~ 

1) Nitrogen due to low pressure 
or PCV-0412 fails 
2) No Aqueous fow due to 
LCV-0344 dosed 
3) No organic phase due 

to FCV-0630 closed 

~ 

1) Loss of nitrogen blanketing 
2) None 
3) LA to acid stripper therebre 
loss of yield 

~ ~ ~ ~ 

1) None 
2) HE-304 cools MTHF h i c h  makes it 
H20 rich due to Inverse solubility 
3) LAH-0625 

FIOW - 
NO 

2 2 A 1) Add nitrogen rotameter and lowpressure 
3 3 C switchonfeedline. 

3 3 C feeds. 
2) If either feed to the extractor fails, then stop all 

Flow - 
HIGH 

1) Aqueous FCV-0344 open 
2) MTHF FCV-0630 open 

1)Effective extraction 
coefficient reduced. 
2) None 

1)LAL-0326 and C301's capacityis 4 
times that of design 
2) LAL-0625 I FAH-0630 

3 3 c  

3 3 c  

Pressure - 
HIGH 

1) PCV-0429 fails 
2) HV-0436 dosed I ik1PossiMyoverpressure c- 1) None 

2) Verification of hand valve positions 
in startuplopetating SCP 

1) Add rupture disc to N2 lines 
2) Hand valve to be lock open valve. 

2) Possibly overpressure C I 301 
~ ~ 

Presssure - Nz IOSS See NO FLOW 
LOW 

Flow - HV-0432, HV-0412, Possible fooding of C301 
NO HV-0601 closed 

Flow - HV-0427 left open T-703 fills 
LESS 

None 3 3 C Operating SOP for system start-up i l l  require 

3 3 C Add level svdtch high to T-703 

operators to verify hand valve positions 

None 

AALL-0410 Phase Phase inversion MTHF to add stripper 

Flow - 1) No nitrogen due to low 

2) PCV-0412 falls closed 

Loss on nitrogen blanketing 
NO pressure 

None 1) Add nitrogen rotameter and lowpressure 
switch on feed line. 

1) None 
2) LAL-0405 

1) Add independent level sdtch low on T-301 
2) Nitrogen will prevent full vacuum 

Flow - 1) LE-0405 fails high 1,2) T-301 empties 
HIGH 2) LCV-0405 fails open 
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c 

1) None 
2) lAH-0405 

1) None 
2) Verification of hand valve positions 
In startuD/oDeratina SOP 

c 

2 2 A 1) Add independent high level switch on T-301 
2 3 c  

3 3 C l)Add~pturedisctoT-301 
3 3 C 2) Hand valve to be lock open valve. 

c 

1) PCV-0429 fails fully open 
2) HV-0420 dosed 

LCV-0405 fails open 

More Aqueous in T-301 

BioFine HAZOP Review 

1) Overpressure T-301 
2) Overpressure T-301 

T-301 empties 

Overload MTHF stripper 

August 5,1996 

LAL-0405 

MH-0425 

3 3 C N2 will prevent vacuum +operator wll shut HV- 
0417 

3 3 c  

1) TAH-0724 I LAH-0703 / LAL-0405 
2) TAH-0724 I PAH-0704 
3) PAH-0710 

TAH-0709 I PAH-0710 

2 2 A 1) Add P A "  to shut N-0728 
2) If position svdtch on valve differs from required 

3 3 C operating position, then alarm. 
3 3 C 3) Verification of hand valve positions 

in startup/operating S B  

3 3 c  

1) PAH-0710 

None 

PAH-0710 I TAH-0709 

1 & 2) LAH-0708 

3 3 C Add rupture disc, PSE-0732, on vapor line of 
3 3 C C-510 
2 2 A  

3 3 C AddPALLtoPIC-0710 

3 3 c  

3 3 C 1)Add FALonFIC-0702 

3 3 c  
3 3 c  

Deviation Consequences Safeguards I SI FI d Recommendations Causes 

Flow - 
LESS 

1) LE-0405 failslow 
2) LCV-0405 fails closed 

1) T-301 overflows 
2) T-301 ovemows 

Pressure - 
HIGH 

Pressure - 
LOW 

Phase 

Flow - 
NO 

1) Flood C510 
2) Run column down to low 
level, then shut down 

1) lAH-0703 I TALL4724 
2) LAH-0405 I LALL-0703 

3 3 C 1) Add LAHH-0703 to dose LCV-0405 

I 3 1  31 CI 

1) No steam Uow to HE-510 
2) LCV-0405 fails dosed 

18. 
18.1 

18.2 
18.3 

I 
Flow- 
MORE 

1) Loss vacuum in C-510 & 
MTHF in column bottoms 
2) LCV-0405 wide open 
3) Ovedoad vacuum s)stem 

1 ) LCV-0405 stuck open 
2) LE-0405 fails high 
3) HV-0702 left open 

Temperature - 
MORE 

Lossnack of cw Incomplete condensation in 
HE-51 1 and overload vacuum 
sys. 

1,2 8 3) Loss vacuum in C- 
510 
& overpressurization of C510 
due to MTHF in column 
bottoms 

Pressure - 
MORE 

1) LCV-0405 fails 
2) VP-513 fails 
31 Fire 

open 

Pressure - 
LESS 

PCV-0710 fails dosed Additional vacuum pulled & C- 

1) FCV-0702 fails dosed 
2) P-512 failure 

1 & 2) Sptem shutdm 

Phase 

Flow - 
NO 

Flow - 
MORE 

1) FCV-0702 stuck open 
2) FE-0702 fails low 

1 & 2) Excess liquid down 
column 

1) FAL-0702 I LAL-0708 
TAL-0724 I AAL-0723 

2) IAL-0708 I TAL4724 
AAL-0723 
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Recommendations 
- - 
S - - 

- 

2 

- 
2 

- 
3 
3 

3 
3 

- 
3 
3 
3 
3 

2 
3 

3 
3 
3 
3 

- 

3 
3 

- 

Deviation Causes Consequences Safeguards 

Flow - 
LESS 

Same as NO flow 1) FCV-0702 fails dosed 

1) LCV-0405 fails open 
2) VP-513 fails 
3) Fire 

2) P-512 failure 

Pressure - 
MORE 

Same as MORE Pressure Rr 
Node 18.1 

None NO N2 supply Excessive vacuum on T-510 
therfore tank collapses 

A Add rupture disc, PSE-0737, on T-510 Pressure - 
LESS 

Composition 

Level - 
MORE 
T-510 

None MTHF in bottoms A SOP on sampling br peroxide formation to be 
incorporated 

Explosive mixture in C510 
bottoms due to peroide 
formation 

Left side 
1) H20 overllows to MTHF side 
2) Same as NO Flow 

Right side 
1 & 2) MTHF level rises and 
T-510 floods 

Left side 
1) W-0718 or W-0729 left 
open 
2) FCV-0702 fails closed 

Right side 
1) LE-0722 fails low 
2) LCV-0722 fails dosed 

Left slde 
1 & 2) LAH-0722 and the stream has 
another separation stage in T-415 

Right side 
1) LAH-0708 
2) LAH-0708 I LAH-0722 

Left side 
I &  2) Same as MORE flow 

4) AAL-0723 I FAL-0702 
3) LAL-0708 I AAL-0723 

cl 

Level - 
LESS 
T-510 

Left side 
1) FCV-0702 fails open 
2) FE-0702 fails low 
3) W-0729 fails closed 
4) LE4708 fails high 

Left side 
1 & 2) Same as MORE flow 
3) Aq. layer disappears 
4) T-510 empties 

C 
C 
C 
C 

C Add level sv4tch high, LSH-0739. to T-510 right 
C side 

Right side 
1) None 
2) LAL-0722 

Right slde 
1 & 2) P-511 cavitates 

Right side 
1) LE-0722 fails high 
2) LCV-0722 fails open 

Steam failure: 
I) W-0720 closed 
2) LCV-00720 closed 
3) LE4720 fails low 
4) MPS boiler problem 
Other sources: 
5) P-510 fails 
6) HE-510 blockage 

Flow - 
NO 

Steam failure: 
1,2,3 & 4) T-510 bottoms temp 
low 

Steam failure: 
1,2 & 3) TAL4724 
4) TAL -0724 and PAL-731 1 

Other sources: 
5) Pump run status and LAH-0703 
6) TAL4724 I LAH-0703 

Other sources: 
5) No circ. leading to possible 
tar blockage 
6) Complete shutdovm 

Page 9 of 16 



c 
Causes 

Steam failure: 
I) LE-0720 fails high 
2) LCV-0720 fails open 

Other sources: 
3) FCV-0728 fails open 
4) FE-0728 fails low 

Same as NO flow 

Consequences Safeguards E 

Steam fallure: Steam failure: 3 
I & 2) b s s  boil-up 1 & 2) TAH-0724 3 

Other sources: Other sources: 

quality 

3 & 4) b s s  feed to WFE, C 
51 5 which will reduce LA 4) LAL-0703 3 

3) FAH-0728 I LAL-0703 2 

3 c  

Excess steam 

2) LAL-0703 

Same as MORE Flow 3 

I) No chilled water supply 1) Loss of vacuum I) Temperature and pressure alarms 
in column, C510 - TAH-0709, TAH- 
0724 and PAH-0710. 

2) Local flow indication 

3 

3 

Excess process wter supply Additional HzO in system Process is designed to handle some 
excess water via T-101 level 

3 

High seal water temperature 
due to loss ofchilled water or 
hioher tmcess inlet temDerature 

Possible loss of vacuum PAH-0710 

c 
BioFine HAZOP Review August 5,1996 

Deviation Recommendations 

Flow - 
MORE 

Add an onlofi valve, XV-0728, to isolate the LA 
takeoff during alarm conditions 

Flow - 
LESS 

I 1  
I I  

Flow - 
MISDIRECTED 1 3  

HV-0731 left open I T-703 will overflow I) LSH on T-703 as added in Node I 16.1 
Verification of hand valve positions 
in stattuploperating SCP 

Temperature - 
MORE 

Temperature - 
LESS 

Same as LESS Flow I Less steam I 13 
I I I 
I I I 

Level - 
MORE 

1) FCV-0728 fails dosed 
2) FE-0728 fails high 
3) Low boil-up 

I & 2) Same as LESS Flow 

3) Same as LESS Flow 
(Mer sources) 

(Steam hilure) 

3 

3 

Level - 
LESS 

I) FCV-0728 fails open or 
FE-0728 hits low 

2) LE-0720 fails high or 
LCV-0720 Bils open 

1) Same as MORE Flow 

2) Same as MORE Flow 
(Other sources) 

(Steam hilure) 

3 

3 

20. Flow - 
NO 

2) Operator to frequently check rotameter b r  
2) No process water supply I 2) Build-up of MTHF 

Flow - 
MORE 

20 Temperature - 
MORE 

1 3  
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c 
R 

C 

Recommendations 

Continuous process Hater bleed into 
VP-513 and wer(low of MTHFto T-415 

None 

3 3 

3 3  C 
~~ 

SOP to PW into VP-513 on all the line sample 
VP-513 separator 

C 

A 

Review NPSH calculationsbr P-511 
Consider making P-511 a gear pump 

AddPIvlithAAH TAL4603 2 2  

c 
BioPine ILAZOP Review August 5,1996 

Causes Consequences Safeguards I SI F Deviation 

Composition Excess MTHF vapor Potential sqhsion 

20.1 Flow - 
NO 

Process water rotameter not 
open 

MTHF build-up in VP-513 

Overall excess PW In system Flow - 
MORE 

1) Fl-0638 open too much 
2) PW rotameter on seal tank 
open too much 

1) LCV-0722 fails dosed 
2) LE-0722 fails low 
3) No subcoding of MTHF in 
HE-51 1 

21. 

- 
22. 

Flow - 
NO 

1) T-510 level rises 

3) Pump cavitation due to low 
NPSH 

1) LAH-0722 and LSH-0739 on T-510 
as added in Node 18.W18.3 
2) LSH-0739 on T-510 as in 
Node18.2/3 
3) None 

C 
C 
C Review NPSH calculationsbr P-511 

Consider making P-511 a gear pump 
I 

C Flow - 
MORE 

1 ) LCV-0722 open 
2) LE-0722 fails high 

1 & 2) T-510 empties and 
pump, P-511, cavitates 

1) LAH-0722 and LSH-0739 on T-510 
as added In Node 18.W18.3 
2) LSH-0739 on T-510 as in 
Node18.2/3 

Flow - 
REVERSE 

l)P-511,pumptrips 
2) LCV-0722 fails oDen 

Nz flm to T-510 None C Show interlock b r  LCV-0722 to be open only if I P-511 is running 

Flow - 
OTHER THAN 

No subcooling of MTHF Same as NO Flow 

LCV-0722 closes I 31; Temperature - 
MORE 

Pump, P-511, in recirculating 
mode 

Pump can not dissipate heat 
and trips cI 

Pressure - 
LESS 

PCV-0710 fails dosed Pump, P-511, cavitates PAL-071 0 3 Addressed in 
Node 16.1 

23 Phase Emulsion feedstock variations Column disruption and 
shutdown 

Page 11 of 16 



c 
\ 

BioFine HAZOP Review August 5,1996 

Deviation I Causes Conseauences Safeguards Recommendations 

~ Level - 
MORE 
T-415 

Right side 
I ,2 & 3) M M F  level rises and 
T-415 floods 

Right side 
I) FAL-0630 
2) FAL-0630 I LAH-0625 
3) FAL-0630 I LAH-0625 

Left side 
I )  FAL-0641 
2) LAH-0624 I FAH-0630 I FAL-0641 

Right side 
1) LE4625 fails low 
2) FCV-0630 fails dosed 
3) P-415 failure 

Left side 
I) LE-0624 fails low 
2) LCV-0624 fails dosed 

Right side 
1) LE4625 fails high 
2) FCV-0630 fails open 

Left side 
1) LE-0624 fails high 
2) LCV-0624 fails open 

3 c  
3 c  
3 c  

Left side 
I & 2) Aqueous lapr oveflows 
and MTHF HJ excess wter 
flows to the extractor. 

3 c  
3 c  

Right side: 
3 C Add FAH to FIC-0630 
3 c  

Left side: 
3 c None 
3 c  

Level - 
LESS 
T-415 

Right side 
1 & 2) MTHF mayoverload 
C301 then Ail starve it. 

Right side 
1) None 
2) LAL-0625 

Left side 
1) FAH-0641 I AAL-0628 
2) FAH-0641 I AAL-0628 I LAL-0624 

Left side 
I & 2) Aq. lapr disappears 
and MTHF may flood the 
column 

Flow - I) PA16 failure 

Flow - ,--- 2) LCV-0624 fails open 

2) LCV-0624 fails dosed 
3) LE-0624 fails low 
4) AAL-0628 Qils 

I) LE4624 fails high 

1-4) No feed to column I )  LAH-0624 I FAL-0641 
2) LAH-0624 I FAL-0641 
3) FAL-0641 
4) LAH-0624 I FAL-0641 

3 c  
3 c  
3 c  
3 c  

1 & 2) Level in column starts 
To build 

1) FAH-0641 
2) FAH-0641 I LAL-0624 

Same as NO Flow I Flow - 
LESS 

Static head of leg drains into 
T-415 

None 
3 1  CI 

While P-416 is shutdm, 

I) High feed rate 
2) High boilup rate 

REVERSE LCV-0624 is open 

None 
3 1  CI 

I & 2) Potentiallyoverload 
HE415 

TAH-0622 Temperature - CWS lost 
MORE I Vapor out to vent sytem 

31 CI 

1) None 
2 & 3) None 4 1 1) Add a rupture disc dth fusible element to 

2) Change material of construction to CS lined 
with teflon, PVDF. glass lined br temperature 
and corrosion ( HE-410 M.QC - graphite or 
teflon??) 

C-410. (PSE-0642) 
1) High pressure 
2 & 3) High concentration of 

Temperature - 1) High pressure 
MORE 2) High boll-up 

3) P-410 stops 
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TAL-0603 3 3 c  

None 1 2 A PVDF, alloy20 or teflon lined pipe 

C 
BioFine HAZOP Review August 5,1996 

Causes Consequences Safeguards I SI FI Recommendations Deviation 

1) Low MPS flow 1) Possible MTHF in bottoms 1) TAL4603 I 3 l  3 l  Temperature - 
LESS 

Corrosion Same as MORE Temoerature 

Level - 
MORE 

1) LE4601 fails low 

3) P-410 fails 
2) LCV-0601 fails dosed 

1,2 & 3) Flood -10 1) None 
2) LAH-0601 
3) LAH-0601 1113 
1) TAL4603 
2) TAL4603 I ~ L - 0 6 0 1  I LALL-0601 1 1 Level - 

LESS 
1) LE4601 fails high 
21 LCV-0601 fails men 

1 81 2) C410 pumped to low 
level 

Flow - 
NO 

Same as MORE level for Node 
26 

Flow - 
MORE 

Same as LESS level br  Node 
26 

flow - 
LESS 

FE-0633 fails high Not enough boil-up 

Same as MORE temperature in 
Node 26 

Temperature - 
MORE 

Temperature - 
LESS 

Same as LESS temperature in 
Node 26 

Composition MTHF d m  column TAL-0603 I 3l  3 l  cI MTHF enters the non- 
explosion proof area 

Line failure Corrosion I 
Erosion 

H~SO, aggressiveness 

Flow - 
NO 

1,2 & 3) No add rec)cle to T- 
101 

1) LAH-0601 I FAL-0103 
2) IAH-0601 I FAL-0103 
3) FAL-0103 
4) LSH added to C-410 in node 26 
5) None 

6) None 

1) LCV-0601 fails dosed 
2) P410 stops 
3) Plugging due to solids 
4) LE4601 fails low 
5) Pressure drop to T-101 too 
high 
6) Line blockage due to 
minerals salting out 

LCV-0601 fully open 

3) Change pipe size to 1" 

5) Change to a 2 valve arrangement to ensure 
pressure drop 
6) Add an isolation valve br periodic cleaning of 
Fl-0626 

4) LCV-0601 closed 
5) No flow 

6) Plugging of Fl-0626 

Add recycle temperature may 
increases and T-101 level \nil1 
rise I jl3I cI Flow - 

MORE 
TAH-0612 I IAH-0104 
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FIOW - 
MISDIRECTED 

BioFine HAZOP Review 

XV-0629 in diverted position All add recycle to FAL-01 03 3 3 c  
neutralization 

August 5,1996 

Flow - 
MISDIRECTED 

Temperature - 
MORE 

Flow - NO 

Flow - MORE 

Pressure - 
HIGH 

Deviation I Causes I Conseauences I Safenuards I SI FI d Recommendations 

HV-0633 left open MTHF emp@ to T-703 T-703 designed to MTHF inventory 3 3 C 

1) TCV-0408 fails dosed I & 2) Temp. to C301 1) TAH-0408 3 3 C 2) Add a local temperature indicator on line 
2) TE-0408 fails low changes efficiency 2) None 3 3 C 04016 so TCV-0408 can be manuallyset 

I) XV-0731 fails closed 1) WFE runs dry l)FAL-0728 & LAH-0703 3 3 C I) If position m'tch on valve differs from required 
2) FE-0728 fails high 2) P-513 stops & W E  runs dry 2) LAH-0703 3 3 C operating position, then alarm. 
3) LE-0703 fials low 3) WFE runs dry 3) FAL-0728 3 3 C 2) Add an internal relief to P-513 

FE-0728 fails IOW Overfeed WFE & decreases LAL-0703 and verification of P-513 3 3 c  

and LAL's will activate 

LA purity rpm 

I) XV-0731 fails dosed I) P-513 deadheads I )  P-513 has an internal recyle 3 3 C Verify the wiped film evaporator high pressure 
2) Line blockage 2) Possible rupture ofT-515 2) WFE inlet PIT to alarm and chut P- 3 3 C rating 

(MOC is glass) on WFE 513 via software interlock 

1) HV-0809 8, HV-0810 dosed 
2) HV-0827 & HV-0828 closed 

Temperature - I) CWS TCV-0612 fails dosed 1) Temp. Rises to T-I01 I) TAH-0612 
MORE I 2) TE-061 2 fails low 1 2) Temp. Rises to T-I01 I 2)None 

1) Overpressurization of the tar 
line 
2) Overpressurization of the LA 
product line 

1,2) None 

3 3 C 2) Add TI to the eisting themo\FRII to T-I01 fw I I I I  2 3 C anoperatortoroutinelylog 

C 

Corrosion I 
Erosion 

1) Ensure that P-515 & P-520 have internal 
reliefs 
2) Change the hand valves to solenoids which 
are operated by a hand svitch to alwiys ensure 
that one valve is open. 

Flow - 
NO 

HZSO4 aggressiveness 

I) No solvent in T-415 
2) P-415 stops 
3) FCV-0630 fails 
4) FE-0630 fails high 

Same as Corrosion I Erosion in 
Node 27 

1-4) MMF loop stops In general, T-415 is designed to hold 
all MTHF inventory 

3) FAH-0625 I LAH-0625 I FAL-0721 
4) lAL-0625 I FAL-0721 

I) FAL-0630 I LAL-0625 I FAL-0721 
2) FAL-0630 I LAH-0625 I FAL-0721 

- 
3 
3 
3 
3 

- 
3 
3 
3 
3 

C 
C 
C 
C 

Flow - 
MORE 

FIOW - 
LESS 

I) FE-0630 fails low 
2) FCV-0630 fails open 

MTHF circulated through the 
system faster than normal. 
May overload some processes. 

MTHF flow reduced therefore 
less extraction of LA product. 

1) LAL-0625 
2) LAL-0625 I FAH-0630 
3) LAL-0625 / FAH-0630 

FAL-0630 

3 
3 
3 

3 
- 1 3 

cl 
C 
C 

cI 

Flow - NO 2 3 
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c. 
~~~ ~ 

Deviation I Causes 
I 

I 

c 

LA product and tar drums are 
very hot and potentially an 
operator hazard. 

BioFine HAZOP Review 

I) Tar drums have an isolation barrier 3 3 C 
to keep personnel awy. 3 3 c  
2) LA product - NONE 

August 5,1996 

Line blockage of tar lines 

31 

1-702 

- 
31 

T-703 

~~ 

Heat traced tar lines 131 31 cl 

31 

T-704 

31 

T-701 

Cannot empty T-702 None 2 3 C Add a tee with blind flange on outlet line and 
ensure that the tank has a 2"low level node  
with isolation valve. 

Flow - MORE 

Overpressurization of T-702 

Temperature - 
MORE 

None 2 3 C I )  Make HV-7130 a lock open valve 
2) Add an overllow line w/ loop seal going to line I I I I 71012 

Temperature - 
LESS 

~ 

Overfill organic waste drum 

High temperature in T-703 and 
potentially an operator hazard. 

Increased output to the tar & LA 
product drums 

I) Tar always enters drums hot 
2) LA product cooler losses 
chilled water 

WFE heating element failure 

None 2 2 C I) Add level switch to drum to provide the 

None 2 3 C 1) Add local temperature indicator to T-703 

operator with a warning 

solids carr)over. 

I) Liquid overflows into the 
vent system 
2.3) Overpressure of T-703 

Pressure - HV-7130 dosed 

None 2 3 C I )  Add rupture disc to T-703 
2) Ensure HV-7140 is a locked open valve 

Pressure - 1) Overfill T-703 
2) HV-7140 closed 
3) PCV-7118 failed closed 

Temperature - 
MORE 

Flow - NO 

One of the reactors relieved into 
T-704 

I) P-710 stops running 
2) P-71 I stops running 
3) P-704 stops running 

I 
I 

High temperature in T-704 and 
potentially an operator hazard. 

None 

Conseauences I Safeguards I SI FI d Recommendations 

1) T-701 pH is low in first 
compartment 
2) T-701 pH is low in second 
compartment 
3) Level increases in T-701 

I) 1-701 pH Is low in first 
compartment 
2) T-701 pH is low In second 
compartment 

Overfilling of drums 

1) AAL-7102 3 3 c  
2) AAL-7103 3 3 c  
3) LAHH-7106 3 3 c  

I) AAH-7103 3 3 C Add a redundant pH meter in the neutraliz?d 
2) None 2 3 C waste exjtline. 

3 3 C Consider making the drum level svitches to level 
transmitters so drum level can be monitored as I I I I  well as warnings given. 

For tar - LAH-0812 
For LA product - LAH-0835 & FmH- I 0834 

Flow - MORE I) AIC-7102 QilS low 
2) AIC-7103 fails low 

I I I I I  

2 3 C 1) Add local temperature indicator to T-704 / I l l  
I I I I I  
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BioFine HtAZOP Review 

2 2  

1 I 

Level - LESS 

Level - MORE 

Deviation 

XV-7106 fials Mde open 

1) P-704 stops nrnning 
2) XV-7106 fails dosed 

T-701 pumped dow 

Overfill T-701 

Temperature - 
MORE 

Causes I Consequences 

enough exceeded 
2) T-102 emptied dthout going 
through HE-201 

c 
August 5,1996 

Safeguards I SI F 

None 

None 

LAHH-7106 3 3  

4 Recommendations 
~~~ 

A 1) Add temperature indicating transmitter to line I 03021 
2) Add temperature indicator to T-702 to ensure 
that the liquid is cooled prior to transfx to T-701 
3) Investigate material of construction alternates 
for T-701 such as rubber lined or fberglass lined 
cs. 

C 

cI 
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BIOFINE DEMONSTRATION PLANT 

OPERATIONAL PROTOCOLS 

1. The plant was operated 24 hours per day, four days per week. This work 
schedule allowed two operating teams to work four twelve- Feedstock Average 
Values hour shifts with a long weekend. The staffing complement (and 
qualifications) were as follows: 

0 Four operators total organized into two shifts of two working twelve hours with 
a thirty minute overlap for shift hand-over (chemical plant operating 
certification and experience) 

~ 
A plant manager and an assistant plant manager (mechanical/chemical 
engineers) 

A day-shift laboratory analyst (professional chemist) 

BioMetics Inc. provided engineering technical support, as required. 

2. Plant operational campaigns were targeted to run for a total of 96 hours including 
start-up, steady state and shut-down. Maintenance or equipment inspection was 
scheduled for the fifth day. Each week, prior to start-up, plant operating 
conditions for that week were set in the "Plant Manager Run Sheet". Operations 
that reached steady state for at least 30 hours were reported as operational 
data. 

3. Steady state was adjudged to have occurred when plant conditions were stable 
and stream analyses changed less than 10% for three consecutive samplings. 

4. During operations the computer monitoring system logged all plant data. A 
summary of the data logging points is included in this section. The plant 
operation was also monitored via a routine stream sampling and off-line chemical 
analysis. HPLC and GC analytical methods were used for routine analysis. All 
chemical methods were validated using an independent analytical laboratory at 
Dartmouth College, Hanover, NH. A summary of the routine sampling schedule 
is included in this section. 

5. The plant processed a range of feedstocks. Prior to processing, the feedstock 
was characterized via a series of tests. These were: 

0 Cellulose content (via the Quansac method) 
0 Moisture (loss on oven drying) 
0 Ash (residue) 



Titratable alkalinity (titration against acid) 

L 
1 

2 

All chemicaVanalytical techniques are described in this section. 

Operations Manual PP-01 

Job Descriptions - Assistant Plant Manager PP-02A 

6. Prior to and regularly during operations,'the plant was inspected by insurance 
underwriters and by OSHA representatives. Also, local representatives of NY 
State Department of Environmental Protection inspected the operation. All 
required operating permits were granted. 

3 

4 

5 

6 

7. Operation procedures were written for the operation and maintenance of the 
South Glens Falls demonstration plant. In addition to the a 155 page operating 
manual, additional 80 procedures were written, for use as follows: 

Senior Operator PP-026 

Junior Operator PP-02c 

Shift change Protocol PP-03 

Disciplinary Procedures & Personnel Records PP-04 

Personnel Protective Equipment (PPE) Protocol PP-05 

Continuing education, training, and assessment PP-06 

Personnel procedures 
Laboratory procedures 
Operating procedures 
General procedures 
Report forms 

8 

9 
23 
14 
20 
14 

Safety Manual PP-08 

The following table gives the title of each of these documents. 

I Item I Title I Document I 
No. I I Number 

Personnel Procedures Ld 
0 llnitial Training Protocols IPP-00 I 

I I 
7 IVisitors and Site Access 1PP-07 

I I 

Laboratory Procedures 

1 INot assigned ILP-01 



W 

3 

4 

I 2 ILevulinic Acid Assay via Titration ILP-02 

Not assigned LP-03 

Determination of Ash Concentration in Feedstock LP-04 

5 

6 

7 

8 

Quantitative Saccharification for Feedstock Analysis LP-05 

Feedstock Titratible Alkalinity Procedure LP-06 

Determination of MoistureContent in FeedstocWResidue LP-07 

Karl Fisher Moisture for Product LP-08 
I 

9 Determination of Peroxides in MTHF 

10 Not assigned 

1 I Hazard Communication & Labeling for the Laboratory 

LP-09 

LP-10 

LP-11 

I I 
15 IHPLC: Sulfuric Acid Determination ILP-15 

12 

13 

14 

I I I 16 IHPLC: Levulinic Acid Determination ' (LP-16 

Disposal of Laboratory Wastes Protocol LP-12 

Process Sampling Procedure LP-13 

Standard Laboratory Operating Procedures LP-14 

17 HPLC: General Procedures LP-17 

18 

19 

I I 1 22 IGC: General Procedures ILP-22 

Not assigned LP-18 

Chemical Storage in Laboratory LP-19 

I I 
23 IGC: Capillary Column ILP-23 

20 

21 

I I 

24 IGC: Stainless Steel Packed Column ILP-24 

Certificate of Analysis Preparation LP-20 

External Validation of Analytical Procedures LP-21 

1 

2 

Sulfuric Acid - Storage & Handling 

Sodium Hydroxide - Storage & Handling 
I I 

3 ILevulinic Acid - Storage & Handling lop-03 

OP-01 

OP-02 

4 

5 
I I 

6 IHydrogen Cylinders - Storage & Handling (OP-06 

Solvent (MTHF) - Storage & Handling 

Helium Cylinders - Storage & Handling 

OP-04 

OP-05 



7 

8 

9 

10 

Air Cylinders - Storage & Handling 

Tar By-product - Storage & Handling OP-08 . 

OP-07 

Cellulose Feed Stock - Storage & Handling 

Routine Operations & Daily Log Protocol 

OP-09 

OP-10 

I I 

13 IComputer Back-up lop-1 3 

11 

12 

Facility Storage Protocol - Laput & Locations 

Data Handling and Reporting OP-12 

OP-11 

14 Record Keeping and Fire files OP-14 

15 

16 

Not assigned 

Nitrogen Purging Protocol OP-16 

1 Change control protocol 

2 Lockoutrragout Procedures 

G P-0 1 

GP-02 

I 

11 IFire Extinguisher Usage Protocol IGP-11 

3 

4 

5 

I I 
12 IBack Injury Prevention Protocol 1GP-12 

Ladder, Elevated Platforms & Scaffolding Procedures 

Preventative Maintenance Procedures and Calibration 

Maintenance & Sanitization of Building & Facilities 

GP-03 

GP-04 

GP-05 

6 

7 

Contingency Plan for Emergencies GP-06 

Contingency Plan for Chemical Spills, Undefined Spills andlor Residual GP-07 

8 
Clean-up Procedures 
Receipt, Inspection & Quarantine of GMP Materials GP-08 

9 

10 

Ordering of Raw Materials & Supplies GP-09 

Assignment of Tracking Numbers GP-10 

13 

14 

15 

16 

17 

18 

19 

Confined Space Entry Protocol GP-13 

Hazard Identification Protocol (Wall Chart) GP-14 

Evacuation Plan GP-15 

MSDS and Chemical Hazard Document Handling GP-16 

Plant Access GP-17 

On Site Security GP-18 

Emergency Management Plan GP-19 



20 lNot assigned 

21 Material Specification Protocol IGP-21 

1 

2 

Employee Safety Suggestion Form 

New Employee Safety Checklist Form 

RF-00 1 

RF-002 

3 

4 

5 

6 

7 

8 

9 

I I 

12 IGMP Receiving Log IRF-012 

Employee Safety Record RF-003 

ReceipffAcknowledgement of Training regarding PPE 
(XXX stand for operator’s initials) 
Notice of Safety Infraction RF-005 

Minutes of Safety Meetings RF-006 

Employee’s Accident Report Form RF-007 

Accident Investigation Report Form RF-008 

Accident Prevention program Evaluation RF-009 

RF-004- 
xxx 

I I 

13 IPressure Test Form IRF-013 

10 

11 

I 

Pressure Inspection Record Form RF-010 

Tracking Number Log RF-011 

14 Performance Planning & Evaluation IRF-014 



OPERATIONS RESULTS 

The demonstration plant was started up in April 1997 and operated under this program 
until March 1999. Feedstock materials fed to the plant during this time included paper 
sludge from various paper mills and a sample of sorted municipal solid waste from New 
York City. 

W 

Resu Its 

The results are reported as follows: 

0 Feedstock Characterization - Showing analytical data characterizing a 
feedstock 

0 Production Run Summary Sheets - Showing overall weekly inventory 
changes, and overall levulinic acid yields 

0 Instantaneous material balances showing instantaneous material flows 
and levulinic acid yields and recoveries. 

A summary of the plant yields for levulinic acid is provided below. The target yield was 
set at 50%, by weight (0.5 Ibs levulinic acid per pound of cellulose). This is the 
equivalent of 70% of the theoretical maximum yield which is 71.6%. Raw operations 
data is provided in the report appendix. 

In all, paper sludge from twelve different sources was tested and three were 
successfully processed over extended periods of time. In addition, approximately four 
tons of municipal solid waste from New York City was successfully processed in one 
operation. 

A summary table of the successful operations is provided below: 



South Glens Falls Operations and Summary of Results 

Plant operations were carried out on various feedstocks from 8-97 until 8-98. 

41 

32 

NIA 

The following table summarizes the yield of levulinic acid obtained during 
operations running on several different feedstocks. The most stable operation 
was experienced on Kimberly Clark sludge and Softwood Kraft fiber. Other 
feedstocks were processed but steady state was not achieved for the target 30 
hours. Steady state was also achieved processing separated municipal waste 
ti ber. 

0.496 

0.426 to 0.503 

NIA 

Instantaneous and overall yields were measured. Overall yields were calculated 
by actual inventory changes of feedstock and crude product. Instantaneous 
yields were calculated based on sample analysis and stream flowrate 
measurement. 

0.583 

0.595 

NIA 

0.31 

Run date 

8/97 - 9/97 

Kimberly 

Kimberly 

Irving 

Municipal 
Waste 

911 1/97 

911 6/97 - 
911 8/97 

9123197 

2123198- 
2126198 
3/2/98 - 3/6/98 
3/98 - 4/98 

5/98 - 8/98 

N/A 0.4 to 0.48 

80 0.532 

80 0.424 to 0.525 

ao 0.39 to 0.513 

Overall Feedstock 
Yield Processed 
(I bll b) 

0.42 Benetech 
Peach 

0.53 Kraft 

0.50 Kraft 

0.42 Kraft 

Sustained 
steady state 
not achieved 
Instantaneous 
yield numbers 
only 
Instantaneous 
yield numbers 
only 
Instantaneous 
yield numbers 
only 

Sludge analysis 
58% cellulose 
Sludge analysis 
58% cellulose 
Sludge analysis 
58% cellulose 
Reactor 
plugging 
stopped run 
See report 
included in with 
this report 



The following tables provide information on the feedstocks provided by various 
collaborating companies and tested during the program: 

Feedstock 

Soft wood Kraft 
American Tissue 
Mechanicsville 

Feedstock Average Values 

Tag Moisture 
gm moisture/ 

gm wet sample 

SWK 0.06 
ATM 0.16 

Benetech Peach BT 0.29 

I IP - Augusta I 1p- I 0.36 - I Augusta 
IP - Androscogin I IP-Adro 0.62 
IP - Mansfield I IP-ManCF I 0.72 
IP - Mansfield I IP-ManPF I 0.84 

IP - Thilmanv 

I IP - Natchez I IP-Nat I 0.62 

I P- I 0.65 

IP - Pine Bluff I IP-PB I 0.74 
IP - Pineville I IP-Pine I 0.67 

Ticonderoga 
lrvina DaDer 

Thilmany 
TIC 0.77 
I RV 0.62 

Kimberly Clark 
Kimberly Clark - 
hydrofuser 
Marcel 

KC 0.44 
KCF 0.32 

Marcel 0.65 I Refuse derived feedstock I RDF I 0.12 

Ash 
gm ash/ 

gm dry sample 

0.00 
0.16 

0.25 
0.13 
0.23 

0.33 
0.07 
0.12 
0.55 
0.25 
0.28 ~ ~~ 

0.13 
0.1 5 

0.1 2 
0.1 1 
0.07 
0.06 

0.39 
0.12 

Titrateable 
AI kal ini ty 

gm dry sample 

0.035 

gm H2SOd 

0.026 

0.085 

0.069 

Cellulose 
gm cellulose/ 

gm dry sample 

0.93 

0.34 

0.21 
0.42 
0.35 , 
0.19 
0.21 
0.28 ~ ~~ 

0.72 
0.40 

0.40 

0.58 
0.58 

0.49 



Feedstock Run Dates & Comments 

SWK 

ATM 

BT 

BTV 

IP- 

Feedstock I Tag I Approx. run I Comments 
dates 

9197, 10/97, 11/97, Baseline substrate; consistently processable. 
12197, 2198 
5/98 Processing was discontinued after material was 

found to contain gravel. 
8197 Processing discontinue due to insufficient supply 

of material. 
9/97 Foreign material (latex) caused difficulty with 

centrifuge operation. 
not processed Sample sent for analysis only. 

Soft wood kraft 

Ticonderoga 
Irving paper 

Kimberly Clark 
Kimberly Clark - 
hydrofuser 
Marcel 
Refuse derived feedstock 

American Tissue 
Mechanicsville 
Benetech Peach 

Benetech Vichey 

Thilmany 
TIC not processed Sample sent for analysis only. 
IRV 3198,4198 High ash content prompted precipitation reaction 

in reactor. Processing discontinued due to 
repeated blockages. 

KC U98,3/98 Consistently processable. 
KCF 3198,4198 Consistently processable; fluffy consistency 

caused sporadic solids feeding problems. 
Marcel not processed Sample sent for analysis only. 
RDF 6/98, 7/98 Required sorting to remove large solid objects. 

Ran at high solids concentrations with the addition 
of a flow aid/antifoaming agent. 

IP - Augusta 



PROCESS PERFORMANCE ANALYSIS 
u 

Process stability: The overall integrated process operated consistently 
and stably on both fresh paper stock (softwood Kraft wet lap) and paper 
sludge (ex, Kimberley Clark) waste for periods in excess of 30 hours per 
campaign. Both the hydrolysis and the recovery/purification system operated 
separately at steady state over periods in excess of 50 hours. However, 
maintaining simultaneous stable operation of the reactor system and the 
solvent extraction recovery system proved difficult for a shift operating staff 
complement of only two operators per shift. Two auxiliary staff engineers 
from BioMetics were required to ensure adequate operational cover during 
operations. 

To improve process stability and operability it was decided to alter the 
process by taking the major acid recycle flow back to the feed mixing tank 
from the centrifuge rather than from the acid stripper recovery column. This 
led to a more stable reactor system since it had the effect of decoupling its 
operation from that of the recovery section. In addition, it improved the 
operation of the solvent recovery section since it now received a much higher 
levulinic acid concentration due to the build-up of levulinic acid in the recycle. 

Recycle of the reactor output had been tried previously during laboratory 
operation at Dartmouth College, but results were inconclusive. Operation of 
the SGF plant in this mode showed good benefits. The following memos from 
BioMetics’ engineering staff provide further analysis of this significant 
improve men t . 

L4 

Typical Operating parameters for the process are contained in the plant 
manager run sheet issued by the plant manager to the operating staff at the 
start of the run. 

V 
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PFR Temp 
PFR residence time 
PFR pressure 
CSTR Temp. 
CSTR residence time 
CSTR pressure 

Typical major operating parameters are provided in the process description 
section and are as follows: 

428 Deg F. 
12 seconds 
390 psig Over 385 psig 
392 Deg. F. 
25 minutes 
200 psig 

Controls HP steam flow 
Pump federate 3.1 gpm 

40 inches in reactor 

Acidity (sulfuric acid) 
Extraction solvent ratio 
Acid striDDer steam rate 

3% 
2.5 Ib/lb 
1000 Ib Der hour 

Make up controlled by pH 

I Solvent stripper steam rate I 1200 Ib per hour 

In addition, feedstocks from other sources were also used including municipal 
waste from New York City. A full list of the feedstocks used is included in the 
Testing section of this report. Most of these feedstocks ran successfully for a 
limited period of time. In these instances, the duration of the runs were 
limited by mechanical failures of equipment rather than for any process or 
yield problems. Data from these operations are not reported since the plant 
was not observed to be at steady state. A report on the New York City 
municipal waste processing is included later in the report. 

The modified recycle process was modeled using a Microsoft Excel spread 
sheet. The results of a typical simulation are shown on the following pages: 



~~ ~ 

2. Process Energy Usage: The main points of energy usage in the process 
were as follows: 

> The high pressure steam to the plug flow reactor 
> Low pressure steam to the recovery section 
> Electrical energy for pumps and other rotating equipment 

At steady state typical values experienced for the above energy usages are 
as follows (Target numbers for a commercial process unit are shown above in 
parentheses.): 

It is anticipated that these numbers would be reduced in a larger scale plant 
due to appropriate heat integration and higher consistency feeds. 
calculations on the effect of feedstock concentration on high-pressure steam 
usage are summarized graphically below: 

Effect of % solids on H.P. Steam Usage 

50.0 

45.0 

2 40.0 
3 

35.0 

30.0 

g 25.0 
.c1 
v) 

al ; 20.0 
3 
E 15.0 
Q al 5 10.0 

5.0 

0.0 
6.00 8.00 9.00 10.00 12.00 15.00 18.00 20.00 22.00 25.00 

% Solids in Reactor Feed 



Average Process Mass and Heat balances: The average values for energy 
inputs and outputs were calculated over a series of steady state operations. 
The numbers are presented below: 

Feedstock 
H.P. Steam 
L.P. Steam 
Electricity' 

MAJOR INPUTS: 

470,080 @8,000 BTU per pound 
550,000 @31 Ibs/lb LVAC 
550,000 @35 Ibs/lb LVAC 
51 5,000 @ 3550 BTU per KWhr 

TOTAL (BTU Der hour) 2.1 million BTU Der hr 

MAJOR OUTPUTS: 

Levulinic acid 
Formic acid 

152,000 @9,700 BTU per pound 
30,000 In waste water a4500 

Tar (as h-free) 

Cooling water discharge 

I I 
TOTAL (BTU Der hour) I 2.0 million BTU Der hr 1 

- 
BTU per pound 

301,000 @lO,OOO BTU per pound 
(dry, ash-free basis) 40% 
moisture 

1,500,000 Estimated - 300 gpm and 
10 Dea. F. term. rise 

It is interesting to note in the table above that 64% of the BTU value of the 
feedstock is retained in the Tar component of the process output. This tar 
component is hydrophobic and similar to powdered coal in physical 
appearance. It has been shown to be a superior boiler fuel to hydrophilic 
paper sludge exhibiting an improved efficiency of combustion due to 
elimination of slagging and the need to de-water. When improved efficiency 
of combustion is accounted for it is likely that more energy output can be 
obtained from a boiler burning the waste tar than from the original sludge. 
This implies that in applications in paper mills burning paper sludge for energy 
the Biofine process can extract valuable chemicals (in the form of levulinic 
acid and formic acid) while, at the same time increasing the output from the 
same boiler. 

' Electricity consumption is net of electrical energy required for HP steam production 



3. Raw Material Feeding: The original SGF design encompasses a 
Flexicon-type feed solids metering system. This depends upon two screw 
augurs: One feeding from the bag hopper into a weigh hopper and one 
feeding from the weigh hopper into the feed tank T-101. This system worked 
well with feeds of high quality. However, there was no way of separating 
rocks and tramp metal that often occurred with poor quality feeds. These 
hard inert materials reduced the life of the Moyno feed pump and, in extreme 
cases, blocked the plug flow reactor pressure letdown valve. During the 
program the second screw augur was replaced with an air conveying system. 
This consisted of an "Ex-air" high pressure air injection system. This caused 
air entrainment of the feedstock particulates. Harder, denser material was left 
behind in the feed hopper. A manual removal system was installed at the 
feed hopper to remove collected tramp material. The scaled up plant will 
include this air conveying system. 

It was also found beneficial to grind fresh feedstock material to remove tramp 
material before feeding. The grinder provided a second route for removing 
tramp material. This will also be installed in the larger scale plant. 



4. Moyno feed pump modifications: The Moyno pump with a ceramic rotor 
and Viton elastomer stator gave reliable service with consistent flowrates and 
pressures. The maximum consistency of feed reached was 6% by weight 
(dry basis). (This is equivalent to around 3% cellulose). Above this 
consistency the pump showed increasing indications of cavitation evidenced 
by variations in output flowrate, feedstock de-watering and audible “groaning”. 
Cavitation is undesirable since it accelerates wear on the stator and causes 
variations in feed-rate and feed consistency. The primary cause of the 
cavitation was found to be due to the knuckle connection between the drive 
and the rotor. This was located at the fluid entrance to the stator and acted 
as a partial blockage with high consistency feeds. 

Lid 

Due to this pumping limitation a maximum of 80 Ibs per hour of solids at the 
maximum pump flow of 2.5 U.S. gallons per minute. This gave a daily output 
of 1920 Ibs, or 94% of the target process rate of 2000 pounds per day. 

As a result of discussions with the pump manufacturers (Robbins and Myers) 
the design of the pump was modified to reposition the drive knuckle further 
towards the rear of the entrance hopper and away from the entrance to the 
stator. A modified larger pump was purchased and installed. This pump 
appears to be capable of feeding up to 15% consistency feedstock. 

Higher consistency feeds to the reactor have the benefit of significant 
reduction in high pressure steam usage. In the scaled up design a twin screw 
feeder will be used to feed the Moyno pump. This is expected to allow 
consistencies of over 20% to be fed. 

Lad 



5. CSTR (R-102) design: During commissioning the pressure stability of R-I02 
proved highly sensitive to the condensing rate in its condenser T-101. This 
was found to be due to the large over-design factor used in the condenser 
design. This situation was corrected by plugging of 50% of the condenser 
tubes to reduce condensing rate. With this modification, R-102 and its 
condenser system showed good stability. 

u 

The materials of construction of R-102 were a continual source of problems. 
The initial design was 316L stainless steel with a Teflon interior lining for 
process fluids contact surfaces. Although the lining showed good resistance 
to the process conditions, “flow” or movement of the lining proved to be a 
serious problem leading to frequent tearing of the lining. Due to this problem 
R-102 was removed for re-lining on two occasions. 

As a result of this experience the material of construction of R-I02 was 
upgraded to zirconium in order to eliminate the Teflon lining and 



6. Centrifuge design: During operations the main centrifuge bearings were 
found to fail frequently due to corrosion. The cause was identified to be hot 
formic acid vapors resulting from reduced cooling capacity of T-103. 
Although the maximum temperature limitation for feed to the centrifuge was 
set at 110 Deg. F. the temperature frequently exceeded this specification. 

'c6) 

Two changes were made to remedy this situation: Firstly, the design of the 
centrifuge bearings was modified to include a pressurized oiling system and a 
fan to force air flow away from the bearings into the process; secondly, the 
process side fluid velocity in HE-201 was increased by reducing the number 
of tubes. This had the effect of increasing the tube-side heat transfer in HE- 
201 due to establishment of turbulent flow through the tubes. 



7. PC-202 modifications: The initial pressure control valve design for 
PC-202 was a ball valve with a characterized “birds head” aperture. This 
design allowed a small Cv during normal flow conditions but could open 
rapidly to allow passage of large inert materials such as rocks or metal 
objects. During operation it was found that the lifetime of these valves were 
limited to approximately one month of useful operation due to both erosion of 
the valve aperture and “flogging” or excessive wear of the actuator spindle in 
the plug. This limited lifetime was manageable in the demonstration plant but 
would not be economic in a commercial scale plant. The design of the valve 
was changed to a plug type configuration with a hardened ceramic 
impingement surface. This configuration appears to be giving acceptable 
service life. 

w 



8. Solvent-free purification process: A modified process for levulinic acid 
recovery was developed after this program had been concluded. This 
process eliminated the MTHF solvent extraction step. In place of solvent 
extraction the process now includes a two-stage evaporation. Stage One 
involves dehydration of the tar stream from the density separation step. 
Stage Two involves vacuum evaporation of the levulinic acid in the 
dehydrated tar output from Stage One. The advantages of this process are 
that there is no solvent usage and the tar is produced as a bone dry 
byproduct from Stage Two. The recycle loop process can be balanced to 
increase the concentration of levulinic acid in the centrifuge tar slurry stream 
to the point where the levulinic acid in this stream is equal to the levulinic acid 
input to the loop. 

I 



9. Wiped Film Evaporator Operation: Operation of the wiped film evaporator 
as a finishing unit operation was inconsistent. The intent of this operation 
was to evaporate levulinic acid from the residue from the solvent recovery 
column under vacuum (5 mm Hg). The products from the column were 
levulinic acid (overhead) and a tarry residue (bottoms). During operation this 
step had three major drawbacks: 

u 

It was found that the viscosity of the tarry residue was too high for the 
bottoms discharge pump to pump out against the vacuum. This 
prevented consistent operation of the unit. The bottoms pump was 
replaced with a batch “lock hopper” arrangement. This worked 
reasonably well, improving reliability of operation. 
Residual water in the crude levulinic acid stream from the solvent 
recovery stream tended to overload the WFE vacuum system causing. 
loss of vacuum. This was alleviated by dehydrating the product with hot 
air in the air stripper column. 
Residual formic acid in the levulinic acid from the solvent recovery column 
corroded the vacuum pump. This was alleviated by installation of a liquid 
nitrogen “ice trap” in the vacuum line. Losses of liquid nitrogen would 
preclude this measure from being used in a commercial plant. 

u 
As noted above, the solvent extraction/recovery system has been replaced 
with an evaporation system. This has alleviated the above-reported 
problems with the WFE unit. 



I O .  Corrosion Issues - Materials of Construction: The process operates with 
elevated temperatures (200 to 420 Deg. F.) and dilute sulfuric acid (2% to 3% 
by weight). In addition, moderately erosive slurries of paper sludge were 
being handled (paper sludge consists of cellulosic fibers and inorganic 
particulate) at some points at high velocity. Materials of construction were a 
major concern. Alternative materials of construction were tested for the unit 
operations handling combinations of high temperature, acidity, and erosive 
slurries. The main points of concern for corrosion/erosion in the process were 
as follows: 

R-102 

LCV-202 

T-102 feed line 

The feed mix tank (T-101) 
The plug flow reactor (R-101) 
The plug flow reactor pressure control valve (PCV- 202) 

0 The second stage CSTR reactor (R-102) 
0 The second stage reactor level control valve (LCV- 205) 
0 The line from the second stage reactor to the flash vessel (T- 

The acid stripper recovery column (C- 41 0) 
102) 

characterized trim Temperature - up to 480 Deg. F. 
Fiberlinorganidchar slurries - up to 10% 
High discharge velocities - up to sonic 

Temperature - up to 350 Deg. F. 
Fiber/inorganic/char slurries - up to 10% 
Vibration from dip-pipe vapor discharge 

Temperature - up to 350 Deg. F. 
Fiber/inorganic/char slurries - up to 10% 
High discharge velocities - up to sonic 

Teflon-lined 31 6L Acidity - up to 5% sulfuric acid 
stainless steel 

Zirconium ball with Acidity - up to 5% sulfuric acid 
characterized trim 

Allov 20 stainless Acidity - UD to 5% sulfuric acid 

The following table describes the basis for selection for materials of 
construction for the above-mentions plant sections: 

steel 

I I Fibedinorganic slurries - up to 15 wt.% 
PCV-202 I Zirconium ball with I Acidity - up to 5% sulfuric acid 

. .  
Temperature - up to 220 Deg. F. 
Direct steam injection 
Presence of MTHF solvent. 

I steej 

- .  
Temperature - up to 350 Deg. F. 
Fiber/inomanic/char slurries - UD to 10% 

1 High discharge velocities - up to sonic 
(2-41 0 I Teflon-lined carbon I Aciditv - UD to 5% sulfuric acid 



The experience gained concerning the performance of the selected M.O.C. 
and substitute materials is provided in the following table: 

T-1 01 

R-1 01 

PCV-202 

R-102 

LCV-202 

r-102 feed line 

2-410 

no apparent pitting or excessive corrosion 
Zirconium performed well with no 
apparent pitting or excessive corrosion 
Initial valve selection performed poorly 
with limited life of CV due to erosion and 
"flogging" out of the actuator stem sockei 
in the ball. Typical life of valve due to 
erosion was three weeks. Failure 
indicated by loss of acceptable pressure 
control. 

Teflon lining exhibited frequent tearing 
due to "cold-flow" of Teflon. 

Initial valve selection performed poorly 
with limited life of CV due to erosion and 
"flogging" out of the actuator stem socket 
in the ball. Typical life of valve due to 
erosion was three weeks. Failure 
indicated by loss of level control. 

Pinhole leaks experienced due to 
erosionkorrosion at bends. 

Teflon lining exhibited frequent tearing 
due to "cold-flow" of Teflon. 

None 

Various valve configurations 
were tried. The most 
successful found is a custom- 
built valve with a 
characterized zirconium body 
plug valve with hardened 
ceramic seat and plug and 
zirconium stem with sacrificial 
zirconium inserts at the wear 
points. This valve has 
provided satisfactory service, 
to date. 
New R-102 installed which is 
100% zirconium. This has 
provided acceptable service, 
to date. 
Various valve configurations 
were tried. The most 
successful found is a custom- 
built valve with a 
characterized zirconium body 
plug valve with hardened 
ceramic seat and plug and 
zirconium stem with sacrificial 
zirconium inserts at the wear 
points. This valve has 
provided satisfactory service, 
to date. 
Eliminated sharp bends in 
line. Points where line 
changes direction are 
specified to have heavier 
gauge alloy 20. This has 
eliminated problem, to date. 
Requirement for stripper 
column eliminated from 
process. 
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LVAC PRODUCTION - 500 DRY TPD PAPER SLUDGE 

PROCESSING SCALE - 500 DRY TONS PER DAY 1.000 "AS IS" TONS PER DAY PAPER SLUDGE 
'bi 

OPERATING DAYSNR 334 
PLANT CAPITAL COST - SMM 50 APPROX. 
PRODUCTION RATE - 108,550,000 POUNDS LVAC PER YEAR 

20,000,000 POUNDS FORMIC ACID PER YEAR 
OPERATING COSTS 

COST ITEM QUANTITY BASIS 

RAW MATERIALS 
BASIS UNITS COSTlLlNlT ($) 

FEEDSTOCK 167,000 T N  - SPERTON 
LIME 1,000 TIY 100 SPERTON 
SOLVENT 300 TIY 300 SPERTON 

TOTAL ANNUAL RAW MATERIALS COST 

UTILITIES 
STEAM 78,000 PPH ON-SITE BOILER 
ELECTRIC POWER 4.0 MW 30 $PERMWHR 
WATER 30 GPM 0.005 $ PER GAL 
NAT. GAS (FOR BOILER) 3 MMBTUMR 5 SPERMMBTU 
COMBUSTIBLE TARS 65 MMBTUMR TO BOILER 
COMBUST'BL 'OTHERS 10 MMBTUMR TO BOILER 

TOTAL ANNUAL UTILITY COSTS 

LABOR AND MAINTENANCE 
OPERATING STAFF 7 PERSHIFT 18 (SPERHR 
SUPERVISION 2 PERSHIFT 23 ($PERHR 
MAINTENANCE 0.04 CAP.COST (4% CAP.) 

TOTAL ANNUAL LABOR AND MAINTENANCE 

OVERHEADS 
DIRECT 
GENERAL 
INSURANCE 
TAXES 
LAND AND TAX 

TOTAL ANNUAL OVERHEADS 

TIPPING FEES FOR ASH DISPOSAL 
PLANT OPERATlNG COSTS PER YEAR , 
DEPRECIATION 

0.40 LAB.COST 
0.30 LAB+MAINT 
0.02 CAP.COST 
0.02 CAP.COST 

4 

33.400 TIY 20 

% PER YR Not Ind. 

PRODUCTION COST PER YEAR 

BYPROD. REV. FOR FORMIC ACID 20,000,000 at ' 0.02 SPERLB 
TIP FEE REVENUE FOR SLUDGE 334,000 WETT/Y@ 25 $/WETTON 

NET PRODUCTN. COST FOR LVAC $ff 

NET PRODUCTN. COST FOR LVAC 

ANNUAL COST 

$ 100,oO0.00 
$ 90.000.00 
$ 

1,192,000.00 

S 961,920.00 
$ 72,144.00 
S 103.540.00 

$ 1,137,604.OQ 

J 1,048,320.00 
S 382.720.00 
$ 2,000,000.00 
$ 3,431,040.00 

$ 572.416.00 
$ 1,029,312.00 
5 1,000,000.00 
$ 1,000.000.00 
$ 200.000.00 
S 2,772,416.00 

3 668,Ooo.Oo 
s 9.201.060.00 
$ 

$ 9,201,060.00 

$ 4Q0,000.00 
$ 8,350,000.00 

J 451.060.00 

s 0.0042 
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Sheet1 

ASSUMPTIONS: 

1. Tar burned in boiler for process energy - Natural gas burned as auxilliary fuel 
2. Cellulose content of paper sludge - 65% 
3. f ip  fee charged - $25 per wet ton - Moisture Content 50% 
4. LVAC yield - 0.5 Ibs per pound cellulose 
5. Alkalinity in paper sludge 3% (Le. 3 Ibs acid per 100 Ibs sludge) 
6. Formic acid valued at energy value only @$0.02 per pound 
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EXECUTIVE SUMMARY 

Biofine Limited Partnership’s (Biofine) proprietary and patented technologies offer a pathway 
for biobased products to penetrate mainstream fbels, chemicals, and electricity markets in an 
economical and environmentally beneficial manner. Target markets for Biofine’s “biorefinery” 
approach $2 trillion annually and the variety of products derived from the company’s process 
offer many exciting opportunities. 

The Biofine biorefinery uses heat and a dilute inorganic acid to convert cellulose into levulinic 
acid (LA). Levulinic acid is a versatile chemical that can be converted into a variety of 
intermediate and finished products. 

Biofine has dedicated considerable time and money to developing the technologies required to 
process cellulose into LA and to produce the derivative products discussed in this report. 
ANTARES believes that the results Biofine has obtained to date and the experience gained at the 
company’s two-ton-per-day facility in South Glens Falls, New York demonstrate the technical 
feasibility of these technologies. 

The purpose of this study was to assess some of the remaining issues which will impact the 
larger-scale deployment of Biofine’s technologies and suggest action items for addressing them. 
ANTARES examined general market trends, technicalhegulatory issues, and specific market 
opportunities. 

Summarizing this effort, the data collected by ANTARES indicates the following: 
Several chemicals appear to have market volume and price points that make exploring 
these markets and strategic partnerships with industry leaders a high priority. 
Profitable entry into the energy markets for LA derivatives will require green market 
support and, in some cases, additional legislative action. Biofme should begin 
immediately to contact green energy marketing groups and discuss the potential for 
including headpower generated using Biofine products in their offerings. However, these 
efforts should be subordinated to an increased effort to target the chemical industry as a 
customer of LA derivatives. 
Biofme must place a high priority on additional fuel testing to meet government 
regulations for key markets and to determine ways to resolve key technical issues. 
Biofine should query the IRS on the requirements to obtain a private ruling for receiving 
the ethanol tax credit on a prorata basis for the manufacture of ethyl levulinate 
Biofine must begin the process of identifying regulatory requirements for marketing a 
new pesticideherbicide as soon as possible, Lead times and testing requirements may 
push deployment of such a product into the latter part of this decade. 
Cost curves detailing the relationship of biorefinery size to LA production costs and 
derivative products must be developed to determine optimal plant size for given markets. 
A detailed heat and energy balance for a combined cycle plant operating on EL/Fuel Oil 
(FO) bfends should be performed using data collected from additional fuel testing. 
By 2010, revenue from LA derivative products could reach over $300M/year 



The results of this effod suggest that s e v d  key markets for LA derivative products exist within the 
chemical industry. Additidy, properly stmctmd incentives within the mewable energy markets may 
also provide scale benefits to the biorehery concept. In the case of both of these markets, Biofine 
needs to seek out partnm with the market expertise and access to the infbtructure needed to eflsure 

u 

success. 



I 1.0 BACKGROUND 

The markets for biobased kls, power and chemicals 
hold great economic (refer to Exhiiit 1) and 
environmental potential. New technologies are being 
developed around the world seeking to capitalize on 
this opportunity. Most industry experts agree that, in 
the long term, the technologies most likely to succeed 
will~multipleinputstreamsintomultiple 
products to several sectors. The concept of 
bwrefineries is similar to td t ional  petroleum 
refineries. However, inputs will be based on 
agciculm, chemistry and biology rather than mining 
and geology. 

Global Target Markets ($Billion) 

400 

0 

EXHIBIT 1: Annual Global Market 

Biofine Limited Partnership has developed a suite of technologies for this purpose. This report focuses 
on describing the market opportunities and issues Biofine can expect as they deploy their technologies. 
Green fuels, green energy and biobased chemicals are discussed in this context. The report concludes 
with xtmmmendations and an action list ANTARES believes will help Biofine penetrate its target 
markets. 

I 1.1 Biofine Technology 

The heart of Biofine’s processes is an acid hydrolysis process that uses heat, water and a dilute m i n d  
acid to convert cellulose h m  various sources into levulinic acid (LA). LA is a platfom chemical with 
many end uses and it canbe converted into s e v d  different green k l s  and avariety ofbiobased 
Chemicals. It is impOaant to distinguish this chemical process h biological umvmion processes 
which rely on the action of to convert organic materials into other products. As a 
chemical pn>cess, the reactions required to convert cellulose into LA ~IE easily controlled and product 

cars than it is to making wine. 

Initial reaction time for this process is about 12 minutes. In contrast, fermentation of corn to ethanol 
may take s e v d  hundd times longer. This rapid reaction has the benefit of miming procesSing and 
starage vessel sizes, thus drastically lowering capital costs. After initial processing, LA maybe refined 
Wer to meet the specifications required for the final application. Exhiiit 2 shows an example of a 111- 
SCaleLAImdkhmg * f icay.  

yields m assured fora given material input. In other words, this process is more akinto madadmh g 

Biofine estimates that 6065% of the cellulose received into a plant is converted to LA. The remainder 
ofthe cellulose is discharged in a stream that has a high lignin content and contains othernondlulose 
materials. Biofine’s current expectation is to use this stream as fbel for on-site heatlpowex needs, but 
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they are investigating higher-value uses.l Effective 
utilization of this stream will add value and close 
the loop on the system. Almost all incoming 
cellulosic material will be consumed on site and 
converted into useful, biobased products. 

EXHIBIT 2 

Processing cellulose to LA also leads to the 
production of formic acid. Formic acid is an 
important chemical used heavily in the catalyst 
industry. 

1.2 Market Summary 

Biofine is pursuing construction of large- scale 
biorefineries which will provide the economies of 
scale necessary to reduce the costs of producing LA and its derivatives. These biorefmeries will 
rely on low-cost cellulosic feedstocks such as clean urban wood wastes, agricultural residues, 
wood mill residues, municipal solid waste (MSW) and paper sludge to produce chemicals, fuels 
or green energy. 

These markets are diverse and overarching generalizations are difficult. However, it is apparent 
that most industrialized countries are encouraging the use and production of biobased fuels, 
chemicals and energy. Examples include European fossil fuel taxation, America's use of 
selective tax incentives, and state renewable portfolio standards and system benefits charges. 
Encouragement manifests itself in varying forms and degrees, but the market environment for 
these products is promising. 

I 

1.3 Fuels Terminology 

The jargon used in the fuels sections of this report can be confusing, so this section introduces 
some commonly used/terms for the materials that are sold as or blended with familiar heating 
and mobility fuels. The potential for confusion has been compounded in recent years by the 
introduction of new terms (and unconventional definitions for old ones) in Federal laws and 
regulations. Part of the intent of this section is to establish a consistent usage for this report. 

In the petroleum industry, the term additive is typically used to mean a functional additive, 
something blended to a commercial fuel to influence a specific property of the fuel. In this 
particular usage, an additive is not something put in the fuel to function as fuel, that is, to 
liberate energy when burned. Additives, in many cases are materials not derived directly from 
crude petroleum, as the balance of the fuel is, but instead synthesized chemically. Their 
usage in the finished fuel is normally measuredexpressed in pounds (of additive) per thousand 

'The National Renewable Energy Luboratory (NREL) fs working to develop a c&micalpmess that converts lignin fnto high-value 
chemicals andfucls. An obvious synergy between BioJne 's process and this fvpc of research exist3 and is  w e n t l y  being pursued 
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barrels of fuel, or ptb. This usually corresponds to fi.actions of a percent. Examples of functional 
additives include the deposit control additives used in gasolines and c e h  compomds sometimes 
added to diesel h l s  to improve their lubricity. In this report, we use the term additive in this way. 

Some materials might need to be used at higher concentrations (1-5%) to function well as additives. 
This might be true, for example, of ethyl levulinate @L) or an EL derivative that was used to impmve 
diesel fuel lubricity. In this situation, the term additive still applies since the mtent of blending such a 
mataial would be to modi@ a specific fuel property, not to add significant volume or enw value to 
the fileL 

U n f i i l y ,  the term additive is sometimes applied to materials that function pn‘unarily as fuel or which 
mod@ the fuel’s combustion. The oxygenates commonfy added to gasolines are examples. These 
compounds, mainly ethanol and methyl tettiary butyl ether, are blended to gasoline to provide extra 
oxygen to the combllston, paxticularly when the engine is NIlILing fid-rich. This modifies the 
combustion, e f f h e l y  making it leaner (less rich). When used at legal limits, these compomds also 
add sigdcant energy value to the whole fuel, and significant volume as well (10 volume percent for 
ethanol and as much as 15 volume percent for MTBE at their respective legal limits). Thus they are not 
additives as that term is used in this report. Generically, ethanol and IWIBE are fuel blending stocks, 
added to the fuel cgasoline, in this case) either to modifL its combustion or to add volume to the fuel 
pool. In that respect, they aren’t hdamentally Wkrent hm refinery streams like alkylate (high 
octane value) or naphtha (basic bulk building block of gasoline). In broad chemid terms, they are 
oxygenates, since they incoxpoxate oxygen in their molecular structures and thus add chemically bound 
oxygen to gasoline, as called for by the Clean Ait Act Amendments of 1990. 

Alternativefirel is a term f d y  dehed m Federal legislation, specifically in the Energy Policy Act of 
1992. In addition to the alternative fuels named in EPAct, thm are criteria by which othm may be 
designated (by the Depatment of Energy) as altematve fuels. By “ahnative,” EPAct means 
“altemative to petroleura” Thus the first of the criteria it specifies is the most intuitively reasonable, 
namely that a fuel, to be an alternative hl, must be “substanMy not petmleum.’’ DOE has settled on 
a cut-off of 50 pemmt as its working definition of “substantially.” That is, ifat least 50 percent of a 
fuel’s energy vdue comes fhm source(s) other than petroleum, it meets the f b t  and most basic 
criterion for designaton as an altemative fueL Alternative fuel, as used in this report, wili refer to k l s  
that are either explicitly named in the Energy Policy Act or meet this definition, since it is widely used 
and intuitively appding. 

More recently, DOE has begun using the term replacementfirel. Again for the purposes of EPAct 
compliance, rqhmnent fuel is that part of a fuel which is derived h m   sources other than petroleum, 
regardless of whether it is the fuel’s dominant Constituent. An example, and the one which gave rise to 
the term, is the biodiesel component (20 volume percent) of B20. A blend of 80 percent petroleum 
diesel fuel with 20 percent biodiesel, B20 obviously derives much less than 50 percent of its energy 
h m  the non-petroleum portion of its makeup, hence it can’t be an alternative he1 by the EPAct 
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definition, any more than gasohol (10 volume percent ethanol, 90 percent gasoline) could. Under 
legislative dimtion, DOE set up a program whereby vehicle fleet owners muld get partial credit 
toward EPAct compliance for the non-petroleum portion of B20 (or other biodiesel blends). That 
portion, the biodiwl in B20, DOE refers to as replacement hl, since it replaces part of the petroleum 
fuel that would otherwise be consumed. In this report, replucementfiel is used in the same way, and 
generally only when EPAct compliance options are being discussed. 

u 

As a point of g e n d  informatin, EPAct concems itselfonly with automotive (trucks and cars) 
transportation fuels, not k l s  for heating, power generation or non-road use. 

Finally, bZend is a term used in s e v d  senses, in r e f a c e  both to conventional fkls and non- 
petroleum fuels. Strictly speaking, conventional gasoline and diesel fuel are themselves blends. To 
produce finished fuels whose properties comply with applicable specifications and meet cornmercial 
standards, refiners carefuuy blend various refinery streams. In this cantext, blending implies continuous 
contml of the input streams, real-time knowledge of their properties and monitoring of the finished fuel's 
C- 'cs. Gasohol is also Sometimes refmd to as a blend, as in fkt  it is. However, it is 
typicaUy splash-blended near the end of the gasoline retail chain, rather than being blended 
continuously and under strict quality control, as in a refinery. For this reason gasohol may or may not 
meet gasoline specifications, depending on the c w  ' 'cs of the gasoline to which it is blended. 
Most hfbrmally, blend can be used to refer to any mixture of fuels, h m  any some or sources. In this 
looser usage, the finished fuel's properties may not necessarily meet any patticular standard or 
specification. How the term blend is being used will usually be indicated by context u 
2.0 MARKETOVERVIEW 

2.1 Review-of Derivative Products 

The primary products produced directly h m  Biofine's process are LA, formic acid, and a residue 
stream that may be used for fuel or mer refined to other products. Although f&c acid does have a 
substantial market, it is LA derivatives that will drive plant economics. ConceptuaUy, these pm3mt.s will 
be either manufktued on-site as an integral part of the plant or LA will be moved to other fkilities for 
convqion. The process is similar in concept to traditional petroleum refining operaiions and the whole 
system can be referred to as a biorefineiy. 
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Potential biorefinery products include the LEWLINIC ACID & DERIVATIVES 
items listed below and illustrated 
structurally in Exhibit 3: 
a Ethyl levulinate (EL) 
a Delta Amino LA @ALA) 
a Succinic acid 
a Diphenolic acid @PA) 
a 1,4 Butanediol 
a Formic acid 
a Green electricity/steam 
0 Methyl tetrahydrafuran (MTHF) 

O \  

It is important to recognize that most of 
these products have many end uses that 
cross sectors. For example, EL is used in J 

- 
I 

the flavors and fragrances industry. It is 
also possible to use EL as a diesel 
replacement fbel. Although both these 
applications are explored in detail later in 
this report, general market trends are useful in characterizing the potential for LA derivative 
products. 

EXHIBIT 3: Derivative Diagram 

2.2 General Market Trends 

This section is dedicated to examining some of the key market trends which will influence the 
penetration of LA derivative products. A more specific, anecdotal look at each of the key 
derivatives is presented later, but this section provides context to the recommendations and 
action lists presented later in the report. 

2.2.1 Green Fuels 

Piesel Redacement - Fuels 
Between now and 2007, profound changes will occur in the domestic highway diesel fuel 
market. The principal driver of this most significant trend will be the Environmental Protection 
Agency's Tier 2 emissions regulations and concomitant rulemaking on road diesel fuel itself. 
Within the next few months, EPA will promulgate its final rule on road diesel s u l k  content. 
The agency is expected to issue the rule substantially unchanged from the version it proposed, 
Le., road diesel fuel will be capped at 15 parts per million sulfur. (Current road diesel fuel is 
capped at 500 ppm and averages about 350.) Other changes to the fuel will accompany the new 
limitation on sulfur content, resulting from the severe hydroprocessing diesel blending stocks 
will undergo. These are discussed elsewhere. 
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Other forms of distillate fuel will come under keener regulatory scrutiny in coming years. Diesel fuel for 
non-road uses and Number 2 fuel oil (FO) currently are limited to sulfur contents of 5,000 ppm. The 
Engine~~~Associat ion~)hasrecommendedthatEpAbe~rulemakingtolowerthe 
sulfur content of n o n - d  diesel fuel. EMA member companies also build the engines used in these 
applications, which are under incmsingly stringent emissions regulations. The EMA has said that 
EPA's particulate matter standards for non-road diesels may not be achievable with the current fuel and 
perhaps not even with current highway fuel (500 ppm). They urge EPA to consider mandating ultra- 
low-sulfur diesel (ULSD - 15 ppm) fuel for non-mad engines, as the agency is expected to do for 
highway diesels. While there may be no comparable pressure to lower the sulfur content of N0.2 FO, 
it's likely that as more and more of the ULSD product is produced, there will be ever-gmter 
"leakageyy of the deeply desullinrzed ' product into the FO market This leakage is already a factor in the 
non-road market, as 500 ppm product h m  the highway market finds its way there. 

Beyond the potential for LA derivatives, there 81te two fuels on or entering the market which may 
become q b t  diesel fuels, diesel fuel additives or blending stocks. One is biodiesel, the other is 
Fischer-Tropsch (synthetic) diesel fuel. The latter is also known as gas-to-liquids (GTL) produd. 
Both can be technically superior fbels to today's conventional product. However, both are more 
expensive and neither is apt to be available in the next seven years in quanbties &cient to serve a 
significant portion of the mad diesel fuel market. 

Biodiesel has become m y  well established in the past several years, benefitting h m  considemble 
legislative suppoxt, mainly at the state level and particularly in the farm belt. Federal legislation passed 
in 1998 obliged DOE to pmmulgate regulations gmting credit for the bidesel mmponent of low-level 
(a. 20 volume percent) blends against fleets' EPAct purchases of alternative fuel vehicles. Biodiesel 
may findwidermarkets as a lubricity additive to petroleum diesel b l s  as the latter are desulfinized. 
Minnesota will consider legislation during 2001, mandating such usage of biodiesel. It is also possible 
that pending Federal legislation mandating a ''renewable content" in motor b l s  will M e r  promote 
biodiesel's market penetration. Biodiesel remains more expensive to produce than petroleum dieseI, 
although the difference has shrunk Tecently as diesel fuel prices mse. Nonetheless, it is likely that the 
principal drivers of bidesel use will Continue to be use mandates and nm-technical umsidexations 
such as political support of fanning and h e n .  The emissionS benefits of bidesel, by itself and in 
blends, are real, but are greatest in older-technology engines. Momver, they will be dwarfed by the 
improvements effected by the next g e n d o n  of diesel emissions controls and improved conventional 
diesel fueL 

Fischer-Tropsch (F-") p m s e s  can yield diesel-range liquids fiom virtually any carbonaceous 
feedstock F-T coproducts can be converted to diesel-range liquids by umvent id  ~~g steps. 
The initial interest in F-T processes in the U.S. was based on the perception of F-T as a means to 
monetize natural gas reserves that couldn't be produced economically due to lack of hh&uchm 
(pipelines, LNG plants, tankers, etc.). Natural gas is the most favorable feedstock for F-T processes, 
but other materials, including coal (the original F-T feedstock) and petroleum coke can also be used. 

W 
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F-T liquids can be ideal diesel fuels, as demonstmted by recent tests of an all-parafh synthetic diesel 
fuel produced by Syntroleum, one of the smaller firms active in the a m  and a technology licensor. 
Vehicle and engine emissions reductions were dramatic. However, such a carefuuy tailod fuel is quite 
expensive to produce. F-T fuels are esserrtialy sulfi.u-fiee, since sulfur must be moved fkom the 
feedstock to pmtect the F-T catalysts. This, too, raises costs. Small amounts of F-T diesel have been 
imported to the U.S. West Coast fkom South a t x i  and marketed as premium diesel fuel. The cost 
and quality of F-T diesel firel may make it more economical to employ it as a diesel blending stock than 
as a sepamte fuel wen apremium fuel. 

Conoco is one of several major oil and gas companies that have recently announced plans to ventm 
into F-T liquids production. It has dissented h r n  the views of smaller companies (Syntroleum and 
Rentech, for example) regarding the optimum size of GTL plants. Conoco believes those companies 
have proposed plants too small to be economically feasible. GTL plants need to be at least 60,000 
bbllday, according to Paul Grimmer, manager of the company's gas refiuing group. This implies daily 
~tural  gas consumption of about 500 million cubic feet. Ifthe plant is to operate for the 20 years 
Conoco says are necessary for amortization, the gas field would need to umtain 4 trillion cubic feet. 
There are very few such fields in the world The d e r  companies, on the other hand, have made a 
virtue of the potential of their proprietary processes to be scaled down. Rentech has commissioned 
two studies exploring the feasl'bility of "piggybackingf' its F-T technology on other specialty chemical 
manuhctming processes to use off-gas or syngas produced in other operations as feedstock for GTL 

F-T process to be feasible at small plant sizes and to require no air s e p d o n  plant. Air separation is 
usually needed to produce the pure oxygen to convert feedstock to synthesis gas (syngas - CO + H2). 

\ liquids. R e n w s  pilot plant was originalry tested on lanm gas. Synmleum likewise has designed its 
bci 

For the next five to ten years, it's unlikely that the volume of F-T liquids hm all sources will be 
suflicient to pertu15 diesel fkl markets. Major rehers' attenton will be on conventional processing of 
distillate firels to meet the stringent sulfirr regulations that will come into force during the period. Outside 
the California market, available F-T distillate will pmbably be blended to ULSD, rather than being sold 
as a distinct, zer<Fsullirrfirel. 

Gasoline Redacement Fuel 
Recent developments may herald the closing of the "oxygen era" in gasoline blending and madeting. 
P, like other oxygenates, may suffer as a dt. Major refinm and the Americm Petroleum 
Institute have d e d  for elimination of the reformulated gasoline (RFG) oxygen content mpkment 
imposed by the 1990 Clean Air Act Amendments. California refiners have said they can produce all- 
hydmmrbon gasoline that will meet that state's stringent requimnents. Elimination of an oxygen 
content specification, refiners say, will give them i n d  flexibility to produce clean gasoline at 
optimum cost and in the quantities demanded by the marketplace. The position of these fuel r e h m  is 
significant, since many have made large investments in oxygenate (ethers such as MIBE) pduction 
over the past two decades. Methyl tertiary butyl ether (MTBE), which is and has been the most widely 
used gasoline oxygenate by far, seems clearly to be on the way out By itself, W o m b ' s  decision to 
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phase out use of MTBE as a gasoline oxygenate 
will shrink the world market by 25 percent. Other 

EXHIBIT 4: Ethanol Producers & Volumes 
U.S. Ethanol Production Capacity 

states, including New Yo& intend to follow 
California's lead. Ethanol, the second-most 
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6 
f.Iu1: Some major refiners produce and market ethanol- 

blended gasoline in response to regional market 
demands, but no reher, it's safe to say, does SO because ethanol offers compelling technical or 
economic advantages that are unobtainable h m  MTBE or hydrocarbons. Instead, the market relies on 
government-sponsored tax incentives for market share. 

WY 

However, recent trends in ethanol production reflect growing demand, spurred in part by the 
anticipated phe-out of MTBE and in part by near-record petroleum prices. The Department of 
Energy reports ethanol production for the years 1998,1997 and 1996 of 1.4 billion, 1.3 billion and 1.1 
billion gallons, respectively. Production for 2000 is on track to reach a record 1.6 billion gallons, 
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according to the Renewable Fuels AssociatiOn AUS consultants completed a study of the industry 
and its probable markets for the Governors’ Ethanol Coalition in March of this year. The report 
projects annual produceion to more than double to 3.5 billion gallons by 2004. This growth is 
predicated on ethanol’s being used to replace the MTBE that will be withdmwn h m  the gasoline pool. 
That regulatoxy move is expected to create additional demand for 3.2 billion gallcms of ethanol. 
Projects curzently under wmtruction could add a billion gallons of annual capacity to the U.S. ethanol 
industry. These projects and others in planning are expected to constitute 31 percent of the 1.95 billion 
gallons of capacity that will be added to the U.S. industry by 2004, according to AUS. The balance 
will come h m  plants now on line. Among the latter is ADMs WalhaUa, North Dakota plant, which 
the company restarted in September 2000. It had been closed since June 1999, when oil prices were 
at near-record lows. 

Exhibit 4, h m  the Renewable Fuels Association website (compiled by Bryan and Bryan, Inc.) 
sufnmarizes the make-up ofthe domestic ethanol industxy. 

2.2.2 Green Electricity 

Consumer demand for green power has the potential to modifj. the way the power industry views its 
markets. As utilities transition into a deregulated era where it is presumed that emphasis should be 
placed on generating low cost energy, evidence is emerging that some consumers are willing to pay 
more to “go gteen.” The allure of higher margins and new madcehg oppoxtunities has s p u d  the 
electricity market to consider this oppodmity mfully. Envircmmental groups are developing 
certification pmcesses, holding meetings with stakeholders, and issuing guidelines to consumers about 
what is green and what is not 

The Center for Resource Solutions (CIS) is one organization seeking to establish standards for green 
electtici@ The group has cunducted regional meetings that include representatives fimn the renewable 
energy industry, environmental groups, and govemment The p u p  offers a certification “Greene” that 
power suppliers can use to identi@ their supplies as green. Power suppliers are granted Green* 
certification based on guidelines established at these regional meetings. 

CRS, arguably the largest and W p s  best-organized of these groups, has been successful in 
persuading consumers and suppliers that a standard is beneficial to both parties. Although some aspects 
of the Green-e certification pmcess draw criticism h m  mewable energy advocates, the process has 
proved effective in offering some -tee to customers that they are getting what they’re paying fm. 
In addition to helping set regional standads for green energy, CRS releases market reports on green-e 
certifiedpower? 

’CRS, Green-e Verification Results 1999, September, 1999 
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P Based on these reports, approximately 400,000 people are being served by Green-e certified 
electricity in califolia and Pennsylvania. In addition, nearly 28,000 non-residential accounts were 
being served by Green-e certified power. Some of the larger commercial accounts include Kinko’s, the 
Gap, and Fetzer Vineyards. These organizations are accompanied by a few state and Fedad Wties 
including EPA’s laboratory m Richmond, California 

The total energy supplied by 
Green-e electricity products 
in 1999 was approximately 
1,227,000 Mwh Assuming 
most of this power was 
g e n d  h m  average 
baseload supplies, that 
amounts to just over200 
M W  of capacity. Of the 
generation sold in califonria, 
98% was either biomass 
(31%) or geothermal (67%). 
In Pennsylvania, over 52% of 
theGreenecertified 
generation was biomass. 
since the Pennsylvania 
Green-e product mix also 
allows some non-mewable 
sourcestobemarketed 

5 

New Renewrbles  Capacity by 2012 from State 
Renewable Electricity Standards and Fonds 

C...~ccic.t 

Total4,170 Megawatts 
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under the Green-e label, the bulk of the remaining power (26%) was derived h m  non-mewable 
resources. This suggests that although considerable public  lal lions attention is being paid to solar and 
wind, biomass and geothermal sources will be the most significant contributon to this nascent market. 

S e v d  state govemments have also encouraged mewable electricity produdion. Recently the Union 
of Concerned Scientists (UCS) released a report that quantifies the impact that state renewabIe 
electricity standards may have on new renewable capacity. This information is presented in Exhibit 5.3 
UCS suggests that renewable electricity standards may spur a p p m ~ l y  6,170 M W  of new 
Tenewable capacity by 2012. More than 80% of this will be added in five states: Texas, Minnesota, 
Massachusetts, New Jersey, and California. 

3UCS, Clean Power Surge: Ranking the States, April 2000. 
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i It should also be noted that according to information collected by Oak Ridge National Laboratories, 
California, Texas, and Minnesota also ranked in the top six of states in the U.S. with biomass resources 
available for less than $20 per dry ton (their lowest cost category)." Texas also has the advantage of 
being first in the nation both inthe number ofrefineries aperating, and operating refinery capacity. 
Although more work is needed, this may provide an interesting market opportunity for Biofine's 
biorehery products. 

2.2.3 Biobased Chemical Intermediates & Products 

At the tum of the twentieth century, most non-fuel industrial products including dyes, inks, paints, 
medicines, chemicals, clothing, and synthetic fibers were made fbm biomassdexived materials. By the 
1970% organic chemicals derived h m  fossil feedstocks had capturd more than 95 percent of the 
market pwiously held by biological mources? In some cases, biobased products have made a 
comeback, but petrochemical feedstocks sti l l  dominate. 

Biofine is considering deploying a variety of biobased chemical products that span the breadth of these 
markets. For this overview, these markets are broken into the following categories because of their 
relevance to LA derivative markets: herbiciddpesticides, solvents, monomers, polyurethane, catalysts, 
dyes, epoxy resins, pharmaceutical intermediates. Fuels are treated separately. 

pesticides/Herbicides6 
In 1996, worldwide use of pesticides (including herbicides) incmsed to an estimated $31.3 billion at 
the user leveL This is an increase of 17% since 1991 and the market expanded primariEy m the United 
States, Western Europe, Asia, and Latin America. Herbicides and insecticides remain the first- and 
second-largest pesticide sectors, respectively, in terms of value. 

Six producers account for 62% of annual U.S. pesticide sales: Monsanto, NovartiS, American 
Cyanamid, Wont,  DowEhco, and Zeneca. 

Solvents 
In 1999, solvent buyers saw the prim for most solvent materials rise, primarily due to the haeased 
price of feedstocks. 

The marketplaa for solvents is also changing as consolidaton occurs at the production and umsumer 
levels. Large mergm on both ends of the supply chain are being initiated to take advantage of 
economies of scale. These include a merger between Dow Chemical Co. and Union Carbide Corp. 

40ak Ridge National Laboratories, Resource Spreadsheet, 1999 

%ational Research Council, Bwbased Industrial Products, 2000 

6SRI/CEH, PesticidesMerbicides, Abstract, 1997 
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Chevron Chemical and Phillips Petroleum Co. have closed a 50/50 joint venture and creafed Chevron 
P h i l l i p s C h e m i d ~ y .  

Solvent formulations are being drivenby regulatory and envkmmental issues including those related to 
volatile organic compounds (VOCs) and hazardous air pollutants W s ) .  In response, most solvent 
formulations are now emphasizhg %gh solids" contents or waterborne makeup. Biodiesel (methyl 
esters of long-ch  Edty acids) is also being markefed as a biodegradabe industrial solvent 

Demand in the solvents industy is expected to remain fairly flat. W i d e  analysts suggest that the 
'boming" natm of the eumomy is helping to buoy the market, but d o n  that climbing oil prices or a 
slowing economy wiU moderate industy growth rates. 

Pham aceutical Intermed iates 
Demand for these prodtucts is expected to remain strong, with prices holding steady. Analysts suggest 
that supply seems to be in line withdemand andthatU.S. market is growing between 6% and 8% 
annually and could reach $15.8 billion by 2002. 

Historically, the quality of intemationally producsd intermediates has been a major concan However, 
foreign producers, especially those in china and India, are emerging as very Competitive producers of 
basic intermediates. Upgraded Wties ,  low labr costs, and a desire to compete in large international 
markets an playhg an imporhut role in the producton fbm these corntries A significant challenge for 

'cal intermediate manufictums is to develop new processes that are less expensive, more 
Y fie. 

P- 
efficient, and en- 

Polyurethane Elastomers 
The U.S., Europe, and Japan are currently the major producers and co~lsumers of polyurethane 
elastomen. In 1997 coIlsumpfion of these materials was 837 million pounds with an estimated value of 
$1.5 billion. United States consumption accounts for about half the worldwide total. 

The polyurethane elastomer business is dominated by major supplien of raw materials and 
prepolymers; Bayex is recognized as the global industry leader. Consumption of these materials is 
expected to grow on the order of 3.6% a year through 2002, with the highest growth expected in the 
United States. 

JVIonomem 
Acrylic acid and esters are versatile monomers. Th& performance chamtem& ' 'cs, which include 
tackiness, chmbility and Mess ,  make them ideal for many end-use applications. Most of the acrylic 
acid produced in the world is converted to esters. The remainder is polymthed to make either 
polyacrylic acid or copolymeric materials. 
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ApprOXimateIy 6 billion pounds of acrylic acid are consumed each year. The largest global producers 
are BASF, Rohm and Haas, Elf Atochem, Hoechst Celanese, and Nippon Shokubai. These companies 
accounted for 69% of the world’s capacity in 1997. A recent repod fbm Hochberg and Company, 
Inc. suggests that the U.S. &et for acrylic monomers and esters will be $1.5 billion by 2005. 

I 

E~oxy Resins/Coatingg 
Epoxy resins are high-pexformance thermosetting mins and high-@omance coatings are their 
primary application worldwide. In 1996, the estimated epoxy resin production value for the U.S., 
Westem Europe, and Japan was approximately $2 billion and consumption was approxjmately 1.4 
billionpunds. 

The major prodwen of epoxy resins ate Shell, Dow, and Ciba. Combined, these companies represent 
70% of the world‘s capacity. 

Catalvsts’ 
Worldwide, catalysts are a $9 billion per year business and products that rely on them axe estimated to 
command $500 billion per year. About 90% of chemical mandhcturing processes and more than 20% 
of all indmtrial produds in the U.S. use d y s t s .  changing automotive emissions regulations and 
polymers based on single-site catalysts are expected to increase demand for catalysts overthe next few 
years. As outlined later in this report, the former may -t a significant market opportunity for 
formic acid which is co-produced with LA in Bioihe’s biorefinery process. 

Dves 
In conbast to the v i i t  organic pigments sector, dyes are expected to offer below-average gains, with 
global demand forecasted to reach $8.7 billion by 2004. Heavy reliance on a sluggish textile industry 
(which accounfs for 70% of the demands fbr dyes), the Asian financial crisis, and rising exports of low- 
cost dyes ffmm China and India have hurt prices. Pricing concerns have led to merger talks including 
one between BASF and DyStar that positions the merged company as a giant in the textile dyes and 
organic pigment market. 

bad 

The majority of private companies in the $5.8 billion U.S. dye and pigment market are small f h s  with 
annual sales under $10 million. Five private firms hold a combiued 17 percent of this market. The dye 
and pigment market is heady concentrated in New Jersey, California, Ohio, Pennsylvania, and Texas. 
New Jersey done has over 60 such ~ ~ t i e s .  

i 
’SRI, SCUP Report Absfruct-Catalysts, 2000 
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u 2 3  Market Survey - Products with Short-Term Penetration Potential 

This section provides additional details about the scope and market for LA derivative products 
that either have existing markets or can be readily substituted for existing products. To the extent 
possible, updated market volumes, prices, and information relevant to each product’s potential to 
capture significant market share is provided. Recommended courses of action for each market 
are reserved for Section 3.0. 

2.3.1 Ethyl Levulinate 

Ethyl levulinate has several immediate market applications. It is already used in the flavoring 
and fragrance industry. Biofine has also conducted tests to assess EL as a diesel replacement 
fuel. Automotive, gas turbine, and home heating oil market applications are being sought. 

Distillate Redacement Fuel Markets 
All the markets discussed in this section rely on EL’S effectiveness in providing a distillate 
replacement that is technically feasible and, as important, economical to use. Later sections 
outline technical issues that need to be addressed, but economic use includes apparent cost 
($/gal) and energy cost ($&tu). The latter is a more realistic cost comparison, since it includes 
differences in heat contents and the efficiency of processes using different fuels. For example, if 
substituting EL for &el oil reduces fuel economy, the real net cost of its use, beyond its apparent 
cost ($/gal), should be considered. These figures are used as the authors felt appropriate in the 
forthcoming discussion. 

Home Heating Oil Market 
h.i’ 

Current prices and the short-term forecast for home heating oil reinforce the market opportunity 
for EL. Evidence of this 

National Wholesale heating oil prices in October 1999 averaged about $0,65/gallon. This 
October they are ranging from $0.97-$1.08/gallon (based on Petroleum Administration 
for Defense District-PADD averages). October is not peak season and prices are expected 
to increase. 

b Residential heating oil prices in October 1999 averaged $l.OO/gallon. In October 2000, 
they ranged from $1.45 - $1,53/gallon. 

0 In 1999, residential fuel oil sales were 6.3 billion gallons. The Northeast and New 
England accounted for about 3/4 of that demand. 
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0 Total distillate stocks are expected to be down from normal levels in December and 
January 2000/01. 

w 
0 Base case winter distillate fuel requirements are estimated to be 3.3 percent above last 

year. (Note that this includes non-home heating oil markets, but indicates that demand 
will be higher than last year and prices will be exacerbated by low stocks). 

During October 2000, the highest prices were paid by residents of the Central Atlantic region 
which includes Delaware, Washington D.C., Maryland, New Jersey, New York, and 
Pennsylvania. Of these, New York residents were paying the highest rates, approximately 10 
centdgallon more than the Central Atlantic average. Volumes for this group are also the highest 
in the nation, with 2.8 billion gallons sold in 1999. Approximately 45% of this was sold to New 
York customers. In fact, New York residents bought almost 20% of the home heating oil sold in 
the nation during 1999. 

On a strict energy basis (Le., $/Btu), the cost to produce EL is likely to remain moderately more 
expensive than the cost of fuel oil. In times when crude oil prices drop dramatically, the disparity 
between the two fuels can become substantial. However, an EL/Fuel Oil blend has been 
suggested by Biofine as a means to extend heating oil supplies, reduce the impact of the price 
disparity between the fuels, and provide customers with a green energy product. 
Exhibit 6 uses estimates of wholesale fuel oil costs and ethyl levulinate to present a marketing 
approach that illustrates this point. 

EXHIBIT 6: Home Heating Oil Price Comparison 
EL costs based on SO.OS4b L4@m a 500 tpd biorejinery andwholesale cost of ethanol of $1.35 

VOLUMETRIC GREEN MARKETING STRATEGY 
~~ ~ 

LHeating oil price wholesale ($/gal) $ 1.00 I 
Heating oil (Btulgal) 136,380 
Heating oil price ($IMMBtu) $ 7.33 

I EL Blend (%) 20% 

Est Blend Price ($/MMBtu) $ 7.64 

(EL price wholesale ($/gal) $ 0.90 

)Blend price wholesale $ 0.98 

i 
I 

Blend Estimated (BWgal) 1283 89 

)Blend Vol Price Savings ($/gal) t 0.02 
Blend Energy Cost Incr. ($/MMBtu) $ 0.31 
Green Pricing Premium ($/gal) $ 0.04 

15 



Given high-volume production, EL could be produced for approximately the same price on a $/gal 
basis as the curzenf wholesale price of heating oil. A green marketer might demonstmte how green 
energy consumm could fill their tanks with an EUFO blend at the same cost as other customers 
buying only FO. The markefing campaign could be stmctmd to emphasize the points highlighted in 
Exhiiit 6 to show that consumers could go green conveniently, and with only moderate &l cost 
increases. 

I 

The actual greenpricingpremium would also be listed to maintain db i l i t y ,  since on an energy basis 
consumers will be paying more to heat their homes. However, based on average Northeast household 
heating oil of 925 &ea, the mutase in seasonal heating oil costs may only be on the 
order of an extra $371 year. For a segment of the consumer market, this would appear to be a small 
price to pay to switch a measurable portion of ones energy needs away h m  a depletable fossil fuel and 
towards a renewable green one. 

Combustion Turbine Fuel 

Using EL to produce green electricity could be another impatant outlet for this fuel. Although s e v d  
technical issues must be addressed, large volumes of EL could be consumed and transformed into a 
product (green electricity) which could command a premium market price. However, the primary 
questionumcemingEL'suseinthisapplicationiscost. 

For comparison purposes, Exhibit 7 presents three cases outlining estimated production costs attributed 
to fuel price for a combined cycle plant that uses natllral gas, &l oil, and an EUFO blend. Plant heat 
rates are assumed to be 6,936 Btu/kWh and 6,800 Btu/kWh for the liquid-fueled and gas-&led 
plants, nxpectively. 

Lid 
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id 

EXHIBIT 7: Production Cost Comparison (centsntwh) 
Based on Combined Cycle Plant with Net Plant Heat Rate of 7,000 BtukWh 

I I Fuel Price I I 

Fuel OiVEL Blend (lO%)c*d 

the avaage price for naturalgas to utilities through August 2000 was apprdmatekj $3.ItVmcfwith an obvious 
upward trend. However, recent price spikes of double this amount are upected to abate as new drilling andgas 
imports trcreasc. Antares estimates that longer term prices to util&&s will remain high until new production is 
brought on-line, but that current price trends will move back toward historicalprice levrls. 
based on data through June 2000 
based on LA costs of $O.OSAb, Ethanol price at S1.3Slgal. and no derate relative to FO onkj because of lower 
Btu content of blend 
BIen& on a volume basis 
It is unclear what effect gany the lower heat content of EL will have on plant output - testing is required 

b) 
C) 

d) 
4 

On a production cost basis, a low-percentage EUFO blend seems competitive with a plant Operating 
on fuel oil alone provided LA can be proctuced at very low cost. However, it should be pointed out that 
combined cycle plants are intended for baseload operation. In the absence of significant incentives or 
extenuating circumstan ces, a plant of this type would not be built based on such high price bls.  In 
&ct, a similar barrier prevents other biomass-fueled power plants fbmbecoming a commercial reality. 
Biofines challenge is to iden* and pursue market opportUnitieS whm reliability and enviromtal 
profile can provide value to a customer's bottom line. 

Of course, a significant green pricing premium or renewable incentive could help close the apparent gap 
between the EL cases and the natural gas case. Deciding how much ofapremium one can expect in 
this market is dif€icult. In a recent report, UCS uses an average green pricing premiumof2 cents/kwh 
for its analysis. Small mewable installations using PV have been known to command electricity prices 
of $0.56kWh, but most industry experts suggesi much d e r  premiums will be required before larger 
projects, capable of meeting customers' en& demand, will become attractive. Wind projects, which 
have drawn considexable public and marketing interest, are being built promising that only marginal 
premiums (ifany) will be required 

Based on the admittedly simple calculations above, a premium of only a few cents per kWh would be 
sdlicient to make EL fuels competitive. 
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However, the more imposing hurdle is one of perception. Green energy premiums are likely to be 
commanded by products that deliver a high percentage of p e n  content. Low-percentage blends of 
ELF0 are not as likely to attract much attention or secure substantial premiums. Higher-percentage 
blends may be able overcome this pmblem, but the high cost of EL relative to fuel oil may overwhelm 
any inmental  benefit In addition, the need to address technical issues is also likely to increase 
dispmportio~ly as higher-percentage EL blends are used. 

Both of these issues may be effectively addressed by decoupling the green portion of the electricity 
genmted fimn the fossil portion. For example, a 100 MW plant that uses a volumetric blend of 
20%EL and 80%FO could be seen as a combination of a 15MW green power plant plus an 85MW 
fossil plant (split based on heat input). Marketing the 15MW separately may af€ord net gains in green 
power premiums and public acceptance. 

On the other hand, an 8o%EU20%FO blend may be SUfEicently "green"that a green premium may be 
had on the whole volume. A precedent has been set for this type of marketing by green electricity 
products already on the market. For example, Green-e's two most relevant rules on receiving their logo 
only state: 1) at least 50% of the electricity supply for the product comes hm Renewable Electricity 
Resources; and 2) any non-mewable part of the product has lower air emissions than your &od 
mix of electricity would have if you did not switch. 

It is likely that a high percentage blend of EL would be able to meet both of these criteria. Provided that 
Biofine was willing to abide by Greene's other rules, a high percentage EL blend could be certified 
with the Greene logo. 

EL for Transportation Market 

The size of the diesel transportation market makes it a very a-ve apportunitY for Biofine. On- 
highwaydistillatefirelusewas32.1 billiongallonsin 1 9 9 9 , u p 6 % h  1998levels.Displacingasmall 
hction of this market d d  mean billions of dollars in sales for Biofine. 

Pen- this ma&t will require Biofine to clear a few technical and regdatory hurdles, but the net 
cost to use EL is likely to be the major issue. Average retail prices for diesel the week of November 6, 
2000 were $ldl/gallon. However, as noted d e r ,  EL will probably rely on the same distribution 
network established for diesel, so for comparisonS, a wholesale-cost-to-production- cost analysis must 
be un-en. The price for biodiesel, EL'S primary biobased competitor in this market, is also 
presented. 
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EXHIBIT 8: Diesel Price Comparison 

Heating Value I 
Fuel Name 

Diesel Fuel No. 2 

(Btu/gallon) ($/gallon) ($/MMBTU) 

131.067 0.80-1.00 6.10-7.63 * 
~- - 

Ethyl- ' -Ip-- 95,425 I 0.90-1.92 I 9.39-20.10 I 
~~ ~~~ 

Bidesel 120,91 Ob 
a) Assumes LA produced at $O.OS-$O.2O/lb. Ethanol at $1.35/gal 

b) NREL Biodiesel fact sheet 

Even at its cummt high prices, b i d e d  has had some success in capturing a minute hction of the 
diesel market Current industry production, according to the National Biodiesel Board, is 2-4 million 
gallons per year. This fiw is expected to rise as bidesel prices M. However, improved production 
processes will only take biodiesel so fir, since its cost is highly dependent on the feedstock costs, and 
in large-de production, this will be oilseed crops grown for profit. This may offer Biofine a 
competitive advantage, since waste resources are its p r e f d  feedstocks. In some cases, Biofine may 
receive a tipping fee for disposing of these wastes, substantially lowering LA production costs. 

The issue for both EL and Biodiesel is that under current petroleum pricing scenarios they are likely to 
mmin more expensive than diesel fbeL This is a problem that f$ces many biobased energy products 
and a combination of creative markehg and incentives will be required to overcome it. The CaIifixnk 
market may offer such an opportunity. During the week of November 6,2000, retail prices in 
California w m  appmxbately $03O/gallon higher than in the xed of the country. The prhmy reason 
for this differential is the restrictve diesel fuel specification promulgated by the Womia  Air Resources 
Board (CARB). Aromatics content is limited to 10 volume percent, versus the more typical 15 to 25 
volume percent of other diesel fuels. CARB permits more aromatic diesel firels to be sold in California, 
provided they can be shown not to increase exhaust emissions. The typical approach used in such 
altemative formulations is to add cetane improvers, which also incrtxse fuel cost. 

'b, 

However, EL may pmvide an altm-dve m g y .  More testing will be requid, but and EL/Diesel 
blend may also pmvide emission benefits. The higher price differential in this market would also make 
EL more ecunomically attractive. 

f l f l €  nce ar t 

EL is an FDA-appmved food additive used in hzen  dairy goods, beveragesJ candy, and baked 
goods. It is also used in the h p c e  markets and, along with 59W other chemicals, it is used in 
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cigaxetks. The scope of the EL market in this application is uncleaq no domestic or international 
production volumes could be obtained at the time of this report. However, current prices for EL range 
from $17.50Ab. in bulk to $66Ab. in small quautities. Because such small quantities were offered at a 
variety of suppliers’ sites suggests a smaller’ but potentially lucrative market. 

At $1.00 per gallon, Biofine production cost of EL would be $0.12 per pound Even at 100 times this 
cost, it appears Biofine could easily compete in this market. 

Of some concern is that some of the higher-priced product appears to be marketed as natural. No 
definition of this term in this context was obtained, but it is unclear how Biofine’s process will be viewed 
even though many of Biofine’s process inputs would most likely be considenxi ‘‘mtmd”. The potential 
is such that additional market research is wananted. 

2.3.2 Methyl Tetrahydrofuran (MTHF) 

Gasoline  oxy^ enate Market 
Methyl tetmhydmiimn 
oxygenate. Approximately a third of the motor gasoline (mop) consumed in the U.S. is reformulated 
gasoline (IWG)’ which must contain 2 percent (by weight) oxygen. In 1998, the counw consumed 
110.7 billion gallons of mogaq of which 32 percmt, or about 35.4 billion gallons, was reformulated. 
Gasohol accounted for 11 percent of gasolines umsumption in that year. Numerous areas of the 
country also have SeasOIlsil oxygenated gasoline progmms (usually in winter months), but these 
gasolines were only one percent of 1998 consumption. Thus, some 44 percent of the nation’s gasoliney 
or about 48.7 billion gallons (1998), contained at least 2 weight percent 

is the sole LA derivative with potential applicability as a gasoline 

The ability of MTHF to oompefe in the gasoline oxygenate market will depend, obviouslyy on the 
contindexistenceofthatmarket. Asdiscussedelsewhere,thereisanacceleratingre~~trend 
towad banning MTBE as a gasoline oxygenate for its perceived environmental effects. Faced with this 
trend, U.S. rehers are unlikely to voluntarily adopt ethanol in lieu of MTBE, preferring instead to 
pnx€uce all-hyctrocarbon gasoline. Ifthe Clean Air Act’s gasoline oxygen speci6icaton is 
~ g h ~ o r w a d y  M e d ,  the way will be cleared for them to do that. However’ pending legislation 
before Congress’o may mandate use of some %newable content!’ in the nation’s motor gasoline. 
Ethanol is the obvious intended beneficiary of this legislation; if it is passed, the repeal of the oxygen 

’US. Department of Energy, Transportation EnergV Da& Book. 20* edition, prepmd by Oak Ridge National Laboratory, 
October 2000. 

“Oil and Gas Journal‘s Washington Week, September 20,2000. 
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i content requirement will have little practical effect, although it will not Suppoa the rapid expansion of the 
ethanol market that would result h m  ethanol's substitution for MTBE. In any case, ethanol-bladed 
gasoline will c o n k  to be offered at least in significant regional markets. Ethanol creates some 

MTBE - it is a high-octane blending stock, which gives it value to refiners in addition to the g e n m  
blender tax credit available h r n  the Federal Govemment. Mormation available at this writing indicates 
MTHF m o t  compete with either of the CUFent gasoline oxygenates on the basis of octane. 

technical problems for refiners and distributors, but it shares one very imp0aant chm&mt~ 'cwith 

MTHF sufliers in this application for a n o k  mson. Unlike ethanol, which is m a n d m  wholly from 
renewable resources, MTHF is made from levulinic acid via hyhgenation. There are few, if any, 
renewable sources of the necessary hydrogen that are also economic c o m p a r e d  to hydrogen fiom 
natural gas. MTHF will therefore probably not fuuy meet the standard of renewability, should that 
standard be legislated. 

W i i t  9 shows the relative volume and energy costs of regular c o n v d d  (non-refmdated) 
gasoline and the oxygenates of interest. Prices are for proctucts on the Gulfcoast market, without 
taxesorretaildist 

solvent Market 

bution costs. 

EXHIBIT 9: Motor Fuel Cost of Energy Comparison 

Regular-gradegasoline I $0.913 I 7.91 

MTBE I $1.12 I 11.89 

Ethanol (w/o d t )  I $1.02 I 13.48 

Ethanol (w/mdit) I $0.48b I 6.34 
~ ~ ~~~ ~ ~ 

m $1.30 16.25 I 
a) October 2000 

. b) reflects 54 cenugal credit 

The largest solvent markets foreseen for MT€@ are predicated on its ability to substitute for 
tetrahydrofuran (THF). Of the THF consumed in the U.S. (1996), only 23 percent went to the solvent 
market. This proportion was 41 million pounds in 1996, projected to grow only about 12 percent (to 
46milIionlb.)by2001. Thiscomparestothe77percentoftheTHF(138millionlb. m 1996)usedas 
a precursor to polytetramethylene ether glycol (PTMEG). PTMEG is used in the manu.fhdme of 
synthetic fibers (spandex) and elastomers. This usage has been projected to grow almost 41 percent to 
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194 million pounds in 2001. THF list prices in mid-'96 were reported to be about $1.36 per pound." 
In those applications for which MTHF can substitute for THF, PencodBiohe would be in excellent 
competitive position if it can prochrce M"HF for ca $0.10 a pound, as it believes it can. 

LJ 

Penn Specialty Chemicals, which acquired the firrfinal chemicals business of Gmt Lakes Chemicals, 
markets MTHF (among many firrfinal-based compounds) as aphamacmh 'cal solvent. This is likely to 
be a higher-value solvent market for MTHF for producers able to meet the applicable quality 
Specifications. 

2.3.3 1,4 ButanedwlI2 

lY4-butanediol @DO) is used primarily as an h k n m h t e  to mandacture other chemicals and 
polymers through either of two principal reactions: dehydration and dehydmgenation. Total demand for 
BDO in the United States, Westem Europe, and Japan amounted to about 1.1 billion pounds in 1996, 
approximately half of which was consumed in the United States. In the United States, a p p r o m l y  
45% is used to  man^^ THF, 24% for polybutylene terepthalate resins (PBT), 22 percent gamma- 
butyrohctone, 5 percent polyurethanes, and 4% of other uses including in- solvents. 

The majority of ament U.S. BDO production is based on the tdtional manufktmhg pmms which 
entails reacting acetylene with f d d e h y d e .  other production methods are now being developed and 
several U.S. c o q d e s  have plans to add capacity employing these technologies. BP Amm, for 
example, is commissioning a 140 million pound per year plant based on butane oxidation. 

About 65% of the BDO procIuced in the U.S. is captively consumed because of its need in downstream 
products. Approximately 15-20% is covered by long term contracts, and the remaining 15-20% is 
supplied to the merchant market. 

During the past five yeats the addition of new capacity has led to an oversupply of BDO and prices 
have Mien in the last three years by 50 percent. Maturity in the PBT resin, spandex, and e n g i n d  
plastics markets has also slowed the rapid p w t h  experienced early in the past decade. However, 
in~o~y,~growthinth~marketsremainsaheadofgrowthinGDP. 

I 'SRVCEH, CEH Product Review-Tetrahydrofiran, 1997. 

"SRVCEH. CEH Product Review-1.4 Butanediol, 1997 
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Key U.S. producers and produdion capacity of BDO are shown in Exhibit 10. Almost half of U.S. 
BDOproductionoccursinTexas. 

EXHIBIT 10: Key U.S. BDO Production 

I BASF, Geismar, LA I 280 I 
I BP Amm, Lima, OH I 140 I 
I w o n t ,  ~aporte,  TX I 225 I 
ISP, Texas City, TX 

LyondeU, Channelview, TX 

Total 830 

BASF is one of several producers of 1,4 butanediol (BDO). The company quotes list prices (as of 
October 1 , 2000) for the product as follows: 

kid Bulk deliveries (tank trucks) from Geismar, Louiskma - $1.03Ab. 
Bulk deliveries h Bayme, New Jersey - 1.05Ab. 

There is a 24,000 lb. minimum order for the above prices. Lead time distingukhes the Louisiana versus 
New Jersey prices. W h  sufkient lead time, the shipment can be made directly from BASF's Geismar 
plant and the cost of stocking at the Bayonne terminal can be avoided. A 111 tank tn~~lcload is 45,000 
lb. 

Additional prices are as follows: 

Truckloads (of dnnns) with a 24,000 lb. minimum - 
Onetotwodnuns- 2.23hb. 

$1 . 1Ohb. (h LA) 

f 

AJl prices are hight collect (purchaser pays shipping costs). 

The BASF sales department indicated that long-term contmct prices can be discounted from the bulk 
prices above, but declined to spec* the magnitude of such discounts without a fkm &. 
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It is unclear how prices for BDO will be impacted by the new technologies b e i i  deployed. However, 
one would expect them to be driven downward somewhat. This is impomt when COJlsidering 
Biofine's potential to become a serious player in this market. 

Biofine has estimated that its technologies will allow BDO to be produced at prices of $OZAb. or 
appmximately a 75% discount over the current selling price of BDO. Provided that industrid standards 
can be met, one would expect rapid and extensive market penetration even ifBiofine charged a lOO?? 
mark-up for the product. Recognizing the size of this market, a 25% market share at $0.50Ab tmnslates 
to annual sales of $138 million. In d t y ,  ifthese production cost levels are obtainable, market 
petrationmighteaSilybehi*. 

2.3.4 Formic A d 3  

Formic acid is a v d e ,  colarless liquid that is used in the mufictmhg of finnigants, animal feed 
additives, commercial ' paint -, catalysts, textile dyeing and finid&, l&tanning, nickel 
plating, electroplatbg, and anguMng rubber latex. It is also used in the production of aspartame. The 
largest single use of f&c acid is as a silage additive in Europe. 

'In 1994, U.S. collsumption of formic acid was 57-58 million pounds. End-use in the U.S. has remain 
d i s t r r ' b u t e d a p p m ~ l y e q u a l l y i n t h e ~ ~ o f r u b ~ , c a t a E y s t s , p ~  'cals, leather and 
tanning, textile dyeing and finishing, and plasticizers. However, a substantial portion (2246%) goes to 
other uses. 

Formic acid prices remained flat through the early   OS, averaging $0.44Ab. The value of the U.S. 
market Using this price was approximately $25 million in 1994. Biofine has suggested that it can 
produce formic acid at a third of the sale price. At these levels, Biofim could almost certainly capture a 
significant share of the existkg market 

However, the most intendng market for formic acid may be the domestic catalyst market. Formic acid 
is used in the manufacture of nickel, aluminum and other d y s t s .  It is also used to regenarate catalysts 
that are poisoned with sulfur and lead. Ifnew low-sulfur fuel requirements for the transportation sector 
are pmulgated, as hey almost certainly will be, the sulfia content of diesel k l s  and gasoline will need 
to be lowered by an order of magnitude. Refiners will depend on nickel-molybdenum and cobalt- 
molybdenum - to assist them in accomplishing this feat as economiwfy as possible. Formic acid 
may play a role in this market both in the man- and regeneration of such catalysts. 

13SWCEH, CEH Data Summary-Formic Acid, 1995 
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u 2.3.5 Diphenolic Acid @PA) 

GE Plastics, Budcede, AL 
GE Plastics, Mount Vernon, IN 

Shell, Deer Park, TX 

Biofine expects to produce &phenolic acid as a replacement for bisphenol A @PA), a white solid used 
primarily in the production of polycarbonate resins and epoxy resins. DPA was used for some of these 
applications until BPA, which is derived h m  petroleum feedstocks, replaced DPA as the chemical of 
choice and continued to expand its markets. 

165 

585 

550 

The uses of BPA include polycarbonate resins (63%), epoxy resins (27%); and miscellanmus others 
including fiame retardants. In 1996,13 major producers were located in the United States, Western 
Europe, and Japan. Total production of BPA in these regions was 3.5 billion pounds, approXimately 
50% of which was produced in the US. Texas-based producers are responsible for about half of U.S. 
production capacity. Polycarbonate resins are the largest and fsstest-growing end use for BPA, but 
epoxy resins have also experienced substantial growtk At a price of $0.80Ab., this translates to a $2.8 
billion market.. Major U.S. producers of BPA are shown in Exhibit 11. 

EXHIBIT 11: U.S. Producers of BPA and Capacities 

Producer I Capacity(Mlbs) I 
Axistech, Haverhill, OH I 230 I 
Dow, Freeport, TX I 365 I 

Total I 1895 I 
All of these producers have captive phenol and acetone supplies for marnrfacaving BPA and a l l  but 
Aristech also have captive downstream nquhments for the man-g of resins. 

For DPA to recapture its market share and compete with BPA in the larger market will require at least 
two key things: 1) DPA must demonsbate that its cost of utilization (via Biofine's process) is less than 
the cost of using BPA, and 2) Users (derivative product manhctmrs) must be convitlced that the 
products they are making will experience no ill effects or will in fact be improved by the substitution. 
Ultimately, they must offer their customers the same commitmenf to quality and they will need to be 
convincedthatthissubstituticmhasmerit. 
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For the users, cost of -on will include any process changes that must be undertaken to switch 
h m  BPA to DPA. Since a majority of U.S. producers have both a captive feedstock supply and end- 
use, the net business cost of converting fiom BPA to DPA for these companies is uncertain However, 
Biofine suggests that DPA could be produced at approximately a third the current price of BPA. If 
lower nxugins for this product could be tolerated, sufficient gains on downstream production processes 
may be made by these companies, 1) to delay the addition of future BPA production capacity, 2) 
and/or substitute DPA at the expense of their BPA manufacturing operations. 

Ir 

2.3.6 Levulinic Acid4 

LA is a v d e  chemical inthat its C5 linear configmation, and activity at the acid andketone sites 
allow for a wide range of chemical mctions. LA has been fi.equently &cussedby researchers as a 
desiable building block (platform chemical) for the production of other chemicals. However, it's 
availability and high cost ($4.00 - $6.00 / lb) simply did not make its use viable for most applications. 

The current market for LA is one million pounds annually with a selling price of $4.00 - $6.00 per 
pound With prices of under $0.25 per pound, which is lower than many of the ament petro- chemical 
building blocks, LA should dundate signiticarrt technical and commercial interest. 

b, 2.4 Market Survey - Products with Long-Term Penetration Potential 

This section discussesthepotential ofLA derivative proctucts that will require longertime horizans to 
be in- into the market either because of long regulatory lead times or the need for extensive 
research and development. 

2.4.1 Delta Amino Levulinic Acid (DALA) 

DALA already enjoys a small, but very high-prid market in the phammmt~ 'cal industry. However, 
Biofine sees the proctuct's real potential in the mass pesticideih&ici& market. Although thm are a 
number of regulatory issues to address, this market provides the volumes necessafy tow large- 
scale mandktuing of LA and its other derivatives. 

14Excerpts used with permission from Ray Biliski. Complete text of this report can be found io the appendix. 
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ic Pharmaceutical Market 
DALA has uses in limited quantities within the plummath 'cal industry and prices for the material are 
reported as high as $50/gram. However, it is DALA's potential in photodynamic cancer treatments 
that offers the most hrrrative applications in this sector. Researchers in wed countries, including the 
United States, are investigating a variety of applications for this treatment of d3T-t conditions. Most 
notably, non-melanoma (basal cell Carcinomas) in cancer. Trials using DALA in photodpamic thempy 
(PDT) suggest that superficial tumors can be very effectively treated. 

In this context, skin cancer is at epidemic proportions worldwide. In the U.S. it has been estimated that 
in 1995,l.Z million cases of basal cell Carcinoma were diagnosed and treated15. In 1985, worldwide 
(excluding the Soviet Union) the f i p  was 2.7 million In the U K  the incidence of this disease has 
risen by 238% in the past 14 years. Provided that a very e f f iveY low-cost treatment based on PDT is 
developed using DALA, the market outlook for this product is likely to mmp up quickly and could 
command premium prices relative to other applications. 

PDT using DALA is also being investigated for its effectveness m treating small lesions in the wall of the 
gastrointestinal tract and malcitrant warts. More fesearch will undoubtedly meal other uses as well. 

Pesticidernerbicide Market 
DATA occurs nahrralty in plant and animal cells and is key to processes such as photosynthesis and 
oxygen transport. Applied exkmaUyy it is an effective pesticideherbicide that is non-toxic to animals. 
Further, it is completely metabolized and any overspray decomposes mpidly, leaving no residues. Using 
the approPriate modulatoIs to control its specificity, Biofine expects DALA to become a sigtdicant 
player in the residential and commercial pesticideherbicide market 

World use of pesticides (including herbicides) in 1996 increased to $3 1.3 billion at the use level. 
Market expansion in the U.S., Westem Europe, parts of Asia and Latin Axnerica &led the 17% 
i n m e  over 1991 levels. 

Outside the U.S., herbicide production has decreased steadily in Westem Europe. The largest 
herbicide markets are France, Gamanyy the United Kingdom, Italy, and Spain. Supply and 
consumption of pesticides in Japan also declined prior to 1996, due primarily to reductions in active 
rice acreage and the use of more effedive herbicides. 

' 

"Leonard Goldberg, Busul Cell Curcinomq The Lancet Interactive, March 9, 1996 
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With the greatest sales volume and total sales value, the herbicides sector is the leader in U.S. pesticide 
sales. The U.S. herbicide market makes up 39% of the value and 25% of the volume of the world 
market. The total size of the U.S. pesticides market is estimated to be $9 billion at the producer leveL 
The expected demand in all uses is projected to be 536 million pounds of active ingredient in 2002. 

LJ 

The three chemical types that make up over 70% of U.S. herbicide consumption are heterocyclic 
nitrogen compounds, carboxylic acids and derivatives, and amides. Market pressures at all levels of the 
supply chain are fw Companies to develop novel market strategies to maintain profit mafgifls and 
market share. 

The boom in home s&rts overthe last decade is 
moving producers and distn’butors to consider the 
home lawn and garden market more carefblly. A 
breakout of 1999 U.S. pesticide sales is shown in 
Exhibit 12. Pesticides sales to golfcourses, nmeries 
and other p f e s s i d  landscaping applications 
are estimated to be about half the total, $12 billion. 

Although the sales value of the U.S. pesticide market 
is estimated at $2.2 billion, at the produca level it is 
more like $600 million. Formulaton, packaging, 
distribution and a 10-15% profit make up the 
diffaence between these figures. 

L d  

ExfIIBIT 12 
Fungicide (4%) 

1999 U.S. Sales = $2.2 billion 
Source: SRI International 

2.4.2 Acetoacrylic Acid 

Acetoacrylic acid (AAA) is a by-product of DALA production. In the production of delta amino 
levulinic acid @ALA), LBLP would produce one mole of AAA per mole of DALA. This compound 
looks very similarto LA, and may be an attractive platf‘orm chemical for AAA derivatives. 

No work has been done on iden-g high-value-added uses for AAA. However, it should not 
present a disposal problem since it is likely that AAA can be hydrogenated, a very common chemical 
pmcedme, into elude LA andretumedto a LA produdion plant for purification into virgin LA. This 
would appear to provide a strong motivation to manufacture LA and DALA at the same site, since 
recycling AAA acid would mitigate any disposal expense that might otherwise be associated with its 
production. 

28 



2.5 Technical Issues 

Initial c o m m d  acceptance of the products afforded by Biofine's biorefirmy will be based on their 
ability to meet or exceed in- standards. There is little question that substituting mewable, green 
biobased feedstocks for fossil feedstocks pv ides  environmental benefits. Howevery Biofine must be 
able demonsbate that these products will not adversely affect the end-users' operations. Therefore, 
Biofine's fbt line ofmarketingmustbe to demonshate that all the technical issues that may be raised by 
derivative product usezs have been adequately answered. The ANTARES Group believes the technical 
issues discussed in this d o n  must be completely addressed before LA derivative products will be 
commwembracsd  

2.5.1 Fuels 

Redacement Diesel Fuels 
Biofine has supplied Texaco with s e v d  LA derivative fuels for kdng. Biofine supplied ANTARES 
with the results of the analyses which include d t s  on various blends of a base diesel fuel witlx 

ethyl levulinate (EL) 

methyl lewlinate (ML) 

levulinicacid(LA) 
2-methyltetmhyhh O 
various higher-order alcohols intended to hction as cosolvents. 

The most complete informatin available is for a blend of 79 vol. percent base diesel fuel (45.2 cetane 
index), 20 vol. percent EL and 1 vol. percent iso-amyl alcohol. Texaco expresses reservations 
regarding four properties of the blenk its cetane numby its energy content, its physical stability and its 
bt -end  vohlity. l6 AU of these are important. Two of these properties, the cetane number effect of 
the EL and the blend stabilityy must be addressed before these fuels can become commercial 
commodities. /- 

Blend Stability 
None of the blends containhg any of Biofine potentially diesel-applicable products was stable. That is, 
all mixtum of levulinic acid (LA), ethyl levulinate (EL) or methyl levulinate (ML) with diesel fuel would 
separate more or less rapidly into two phases. This behavior would obviously be unacceptable to any 

'6Copy of Texaco report summary and memo forwarded to ANTARES by Biofine, ca. October 2000. 
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diesel fuel user. Texaco points out that additives are available that “may” prevent this sepamtion, but 
has not tested any to date. None of the alcohols tested were effective. Four mixtures contabhg fiom 
6.67 to 20 percent methy1tetrahydmhra.n (MT€€F) and either or both EL and ML apparently remained 
stable and clear. However, it is unlikely that PVlTHF would make an acceptable diesel fuel additive or 
blendstock due to its volatility and its octane number. 

0 

The latter, while too low to improve most txmmercial gasolineSy is nonetheless high enough to imply a 
poor cetane number. (For a given fuel, octane and cetane numbers, which are relevant to spark-ignition 
and diesel engines respectively, tend to be invenely related.) 

Cetane Number 
Ethyl levdinate apparently has a poor cetane number or at least a poor blending cetane number. 
Texaco notes that while the cetane number of the 79/20/1 blend met the CUfTenf ASTM D975 
specification (40.1 cetane number versus 40), EL lowered the cetane number of the base diesel fuel 
fiom 3 to 5 numbers.17 The current average cetane number of U.S. diesel fuels is about 45. It’s likely 
that in the next five years and beyond, this number will rise. The ASTM specification may not be 
changed, but co-ercial diesel &IS will pr~bably improve ctue to refining changes necessitated by new 
EPA rules and to Competitive commercial consideration. The Engine Man- AssociatiOn has 
published a suggested specifrcatin for a ‘’premum diesel fuel.” It calls for a minimum cetane number of 
50. V o h g e n  AG has d e d  for even higher values. Higher cetane numbefs have long been known 
to impmve diesel engine performance. LJ 

Recent work has also shown that cetane numbers are strongly related to emissions, where higher is 
better. Texaco notes that additives are available that could help recover the cetane number decrement 
imposed by blending with EL, but additives of any kind inaease the cost of a fuel and may create other, 
unanticipated performance problems. 

Texaco also observes that EL fuel‘blends have significantly lower energy content than diesel f k L  This 
would directly and propoaionally reduce the fuel economy of diesel vehicles using the blended f k L  In 
cold climates, kerosene is blended to diesel fuel. With an energy content of about 18,200 Btu/lb, 
kerosene typically reduces over-the-mad fuel economy by 2 to 3 percent when it makes up 30 to 50 
volume percent of the blend. With an energy content of about 16,300 Btu/lb, the 20 percent EL fuel 
was 16 per cent less energetic than the base fuel, which implies an in use fuel economy derrease of 

17Caution: the basefuel’s cehne index is given as 45.2. Cetane index is calculatedfrom the fuel 3 distillation temperatures. 
a procedure appropriate only for all-hydrocarbon fuels. Since the base fuel is an all-petroleum fuel. its cehne number is probablj 
close to the value predicted by its c e m e  index. The blend. on the other hand. was apparently tested to determine its cetane number. 
Cetane number is developed from an actual engine test. 
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about the same magnitude. Diesel fkl buyers, especially highway diesel fuel users like tnrckers, would 
notice such a loss and see it as a direct loss of productivity and pmfitability. 

4Id 

The same refining and commercial pressures that will drive cetane numbers up over the next several 
years will tend to produce lowerdensity diesel fkls. These will also be less energydense and will 
deliver poorer over-the-road fuel economy. Any non-petroleum diesel blendstock that d o =  this 
effect will be less welcome in the diesel fuel pool. 

Gasoline Replacement Fuels 

At the time of this report, ANTARES had very limited idomation on the technical perfibrmance of 
methyl tetrahydrofiu.an 0. The SAE technical paper database, for example, contains only a 
single reference to the chemicaL This paper, and a Communcations with one of its authors, Professor 
John J. Thomas at the Florida Institute of Technology, forms the basis of ANTARES review of this 
product. l8 

Inthemain,ProfessorThomasusesestimatedvaluesofkey~pm~~inhispaper(SAE 
932675). These are not adequate to assess IvfI’HF’s suitability and attractiveness as a gasoline 
oxygenate. Thomas saidtg he has data developed in the course of s e v d  years’ work with MTHF as a 
gasoline blending agent. However, he declined to pmvide it to Antam. Thomas said his research had 
been supported in part by a private company, which he didn’t name. 

Octane Number 

Professor Thomas states in his paper that IvfI’HF has a Research Octane Number (RON) of 87, but 
gives no source forthis information Ifcomct, this is a significant technical issue for MTHF’s use in 
gasoline. RONisdetermtned by a less severe test that Motor Octane Number (MOW and hence is 
typically fiwn 3 to as much as 14 numbers higher. r]rhis tlifkence is called the ‘‘sensitkitf‘ of the W] 
The average of the two is the Antiknock Index or AKI. This is the number posted on gasoline pumps 
andusedto dxdhgu&amonggasoline grades. If- is amhimally sensitive fkl, its MON would 
be approximately 84, and its AKI less than 86. In this case, MTHF could not be blended even to 
regular-grade gasoline (87 AKI, minimum) without degdng its AKI. Its deletaious effect on mid- 
grade (89 AKI) and premium (93 AKI) gasolines would be even more pronounced. Ethanol’s RON 
has been variously reported as 106 to 120 and MTBE’s to be in the range of 115 to 120. The MONS 

bi 

%hornas. J.J., et al., Exhaust EmzSsions and Field Trial Results of a New, Oxygenated, Non-Petroleum-Based. Waste- 
Derived Gasoline Blending Component: 2-Methyltetrahydrof~ran~ SAE Technical Paper 932675, October 1993. 

19Personal communication with Prof. J.J. Thomas. Florida Institute of Technology, September 2000. 
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of the two oxygenates have been reported to be 90 to 97 for ethanol and 97 to102 for -E. 
Obviously, a more thorough testing for MT€@ is required to certify the value estimated by Professor 
T h O W .  

Fiqually important, potentialy, are the Blending Octane Values (BOV) of IvlT€€F. Hydrombons and 
oxygenates do not necessarily behave as predicted by their own octane numbers when they are 
blended to gasoline. For example, methyl cyclopentane (C@,,) has an RON of 91 and an MON of 
80, for an AKI of 85.5. However, when blended to gasoline, it behaves as though its Research and 
Motor octane numbers were 83 and 77, a blending AKI of 80. In other words, this compound, tested 
as a neat fuel would almost meet the AKI specification for a regular-grade gasoline. Blended to 
gasoline, however, it behaves as though it were a low-odane makrhl that would significantly dew 
the octane value of even a regular-grade base gasoline?o Methyl cyclopentane was not selected at 
randam to ihstmte this point MT€@ is essentially a mono-substitukd methyl cyclopentane and may 
exhibit similar behavior. [Or it may not; the fkt that it’s a finzln, an oxygenate, may trump its stzucanal 
,hilarity to methyl cyclopentane in predicting its blending octane behavior.] -E and ethanol also 
have high blending octane values. Sun Tech (the research arm of Sun Oil Co.) reported ethanol to 
blend at 121 (RON) and 100 (MOW for a blending AKI of 1 1 1. MTBE had blending octane values 
of 116 and 103, for a blendq AKI of 110. Again, more thorough testing of MITE is reqsured. 

2.5.2 Chemicals 

Technical issues as they relate to chemicais primarily refer to customer specification requirements. In 
this sense, these markets are probably least problematic since supply, specifications and price are the 
primary driven. For each of the chemical markets Biofine intends to penetrate, dealing with product 
andsalesspecificationSwillbecrucial.Eachchemicalmustbetestedand~o~tomeet 
industry and government standads. Sample material and data handling and specification sheets that will 
be usefid in SatisfLing customers that the @cts they are receiving will meettheirneeds. To the extent 
possible, ANTARES has mllected such informatian and included it in the appendix. 

2.5.3 Power 

Using EL for Lawe-Scale Power Production 

The production of electricity h pmducts derived from Biofine’s technology is not h g h t  with 
technical hurdles. Biofine management plans to mnstruct large-scale, green power plants that 

”Mueller Associates, Inc., Gasoline Octane Enhancement: Technology, Economics and Environmental, Health and s4fefy 
Considerations, prepared for the U.S. Department of Energy/Office of Environmental Analysis, July 1985. 
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manufktu~~ and consume a diesel qlacement fkl, ethyl levulinate. Provided ethyl levulinate and diesel 
can be effectively blended into an acceptable and economic hl, market issues are expectd to dictate 
project constmction and timing. 

Although some technical issues are to be expect&, past experience with alternative k l s  provides some 
degree of optimism that they can be effectively addressed 

The preferred and most eumomic choice for producing large quantities of electricity fimn this fkl is a 
combined cycle plant that employs a combustion turbine and a heat recovery steam generator (€€RSG). 
These plants have the advantages of being very efficient and using well- established technology that can 
be readily guaranteed, even when using alternative fuels. However, using a combustion tubine with an 
altemative liquid fuel will have an impact on the performance of the plant, compared to operation on 
naaual gas. This is impomt, since many vendon qyte rough turnkey numhbasedonnatural gas 
pe15ormance #cations and specific ambient conditions. 

For example, one might expect that a combustion turbine burning natural gas would have an output 2- 
3% higher than it would on No. 2 distillate. Therefore the plant heat rate might be 1-2% better for the 
naaual gas plant. In the size ranges being considend by Bioiine (approxima~ly 120 MW) a natural- 
gas-fkl, combined cycle plant might have a net plant heat rate of 6,800 BtuikWh. The same plant 
configured for a No. 2 distillate might have a plant heat rate of 6,936 (2% decrease in efficiency). For a 
baseload plant operating 80% of the year, using fuel priced at $2.00/MMBt4 this efficiency loss 
represents an increased annual fuel cost of $228,000. Further, this impact is directly proportional to the 
fuel cost. Recognizing that ethyl levulinate at $l.OO/gal is equivalent to over $lOflMMBtu, such losses 
are very importaJlt to consider in the o v d  project economics. 

Similar losses in efficiency will be experienced as ambient hqmatum above those used in rating the 
gas turbine are experienced. Most gas turbines are rated at IS0 conditions (59F). Compressor inlet 
t e m w  at 80F might decrease tubine efficiency by a few percent and a similar eumomk impact 
willbeexperienced 

On the other hd, some work on other alternative liquid fuels such as methanol and ethanol may point 
to net power i n m e s .  Research conducted by GE in the mid-'70s suggested that methanol (low-btu 
liquid fuel) actually p e r f o r m e d  quite well as a combuston tubine fuel and a net thermal efficiency gain of 
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2% was predicted?l The net increase resulted from the complex relationship between methanol's 
required aidfuel ratio and the increased mass flow of fuel through the system. Westinghouse 
conducted similar research using ethanol and found that the emissions performance of the fuel 
was quite good. 

L.' 

From these tests, some specific issues were identified that EL/FO blends must address: 
0 How readily do the proposed blends ignite and do they provide suficient temperature 

Will the blends provide a stable flame over a range of aidfuel ratios? 
Are temperature distributions sufficiently uniform within the system for proper 
operation? 
Do the blends give rise to any NO, emission problems? 
How will the blends affect net thermal efficiency? 
Will the blends meet the lubricity requirements of the turbine's fuel system? 
What impacts on long-term operation will these blends have? 

increases to accelerate the turbine properly? 
0 

0 

0 

0 

0 

0 

A well-designed test protocol and more information about the specific blends will be needed to 
answer these questions. 

Usiw LA Process Char for Steam 

Many cellulose-based industries have found that producing process steam or even power from 
biomass residues from their manufacturing processes is very economical. The pulp and paper 
industry, for example, uses black liquor and bark residues for this purpose. Producing process 
steam (steam has a higher value than electricity, it is not as easily transmitted, and in this 
application generating it would also dispose of a potential waste problem) is an ideal application 
for Biofine's processing char and a variety of technologies suitable for conversion are available. 
Many of these systems are packaged, turnkey operations and many reputable boiler 
manufacturers offer engineering and design support for specialty applications. These include ESI 
Inc. and G&S Mills. 

The primary technical/regulatory concerns related to using the char for energy include the 
aeration of any contaminants left behind &om the original feedstock that may be contained in the 
char. A policy of accepting only clean materials will help reduce this possibility. However, an 
ultimate analysis for the char produced from the processing of specific feedstocks will be 
required to assess this threat. 

"Mueller Associates, Stam ofAlcohol Fuels Utilization Technologyfir Stationmy Gas Turbines, A p d  1979 
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Biofine should also remain open to the possibility of putting this waste stream to an even higher- value 
use. Research is ongoing at Sherbmke University, Montreal and at the National Renewable Energy 
Labomtory to investigate COnveLfing lignose into chemicals and kls.  Biofine is pursuing one such 
opportunity and this area of research continues to attract attention worldwide. 

w 

2.6 Description of Regulatory Drivers 

Thm are a number of regulatq issues which will dkctly impact the markets for biobased fuels, 
chemicals, and power. They mnge from SPecifLing fuel @ormance and attn'butes to legislative 
incentives to producers and consumers of these products. This section outlines several of the more 
important domestic drivers that will influence Biofine's development &ate=. 

2.6.1 Fuels 

me E n e m  _ _  Policv A+& of 1992 (EPAct) 
EPAct mandates that certain fleets operated by Federal and state govemmmts, alternative fuel 
providers, local governments and private compees purchase lightduty alternative fuel vehicles as an 
annually increasing percentage of their new vehicle acquisitions. MTHF is produced by hydrogenating 
levulinic acid Hydrogen for this process would pmbably be derived h m  natud gas by way of steam 
methane reforming (SMR).  S M R  is the most economid route to hydrogen, and most merchant 
hydrogen is pxuduced that way. In this case, the MTHF will be wholly non-petroleum and will thus 
meet the first EPAct criterion for designation as an alternative fuel. However, hydrogen hm natural 
gas is not mewable, and thus MT€F fiom LA will not be a wholly mewable fuel. While this doesn't 
preclude its being designated a q k e m e n t  fuel for the purposes of EPAct, it may reduce its appeal to 
some potential users. 

1: 

To date, the I)epartment of Energy (DOE), which is charged with Writing the implementing regulatons 
for EPAct, has elected not to impose the Act's mandates on local govemment and private fleets. DOE 
has promulgated regulations applicable to Federal fleets, state government fleets and fleets operated by 
alternative fuel providers (electric and gas utilities, oil companies, methanol producers, etc.). 

S i g d d y ,  EPAct does not mandate the use of alternativefizels. It simply requires fleets Mlbg 
under its jurisdiction to purchase vehicles capable of operating on alternativejhels. Not mprishgly, 
many fleets have opted to comgly by pmhasing flexible firel vehicles (FFVs). FFVs, in addition to 
being capable of operating on an alternative fuel, can operate on gasoline. Most of them will never see 
a drop of the alternative fuel they're capable of using (E85 in most cases, 85 per cent ethanol and 15 
per cent gasoline). Nevertheless, by purchasing them, fleet operaton meet the of EPAct. 
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(An exception to this g e n d  observation is bi-fuel natural gas/gasoline vehicles. Unlike the liquid 
alternative fbels, natural gas is widely available and i r h & ~ ~ ~  for its coqression and cllspensing into 
vehicles is somewhat more available). 

EPAct, moreover, applies only to lightduty vehicles (LDVs). The LDV sector, consisting of passenger 
cars and light trucks (up to a gross vehicle weight rating of 10,OOO pounds) is negligiily “dimW at 
present, although thm is expeded to be growing penelmtion by diesel engines in coming years, 
especially at the heavier end of the LDV range. For this reason, alternative diesel engine fbels and 
diesel h l  replacements have only a very small potential market in fleets covered by EPAct 

In 1998, Congress passed legislation effdvely granting altemative fuel status (for EPAct compliance 
purposes) to B20, a blend of 20 volume percent biodiesel with 80 percent conventional diesel fueL 
DOE had been reluctant to do this, despite the importuning of the biodiesel lobby, because B20 is self- 
evidently not ‘’pdominantly non-petmleum” as required by EPAct’s definition of “alternative fuel.” 
DOE responded to the 1998 legislation by promulgating regulations that make it possible for B20 users 
to get alternative fuel vehicle (AFV) credits for their biodiesel use. They may apply these credits 
t o d  AFV purchases, but only in the same year in which the biodiesel is purchased (no carry- 
forward). They may also sell or trade them to other fleets. Fleets using B20 in their diesel vehicles 
&ve d t  only for the biodiesel portion of the B20. Each 450 gallons per year of biodiesel entitles 
them to one credit, allowing the fleet to defer the purchase of one AFV for one year. DOE was 
detemined not to implement a regulation having the effect of turning any dieselagine vehicle into an 
AFV, since this would be inconsistent with the p q s e  of EPAct, namely to replace the maximum 
feasible amount of petroleum-based motor fuels. 

The implications of the above for ethyl levulinate or any other non-petroleum replacement diesel fuel are 
similar to those for biodimL A non-petroleum liquid such as ethyl ledinate, blended to diesel kl, 
would pmbably qualifL as an EPAct replacement fuel. DOE would establish an energy-equivalent 
volume of EL, the a n n d  consumption of which would qualifjl a fleet to be awarded one AFV credit. 
Fleets would have to document their purchase and use of the replacement fuel (EL in this case). Each 
such credit would entitle the fleet to defer the acquisition of one lightduty AFV for that year. Whether 
fleets would elect to use the &blended fuel would depend enhly  on their specific technical and/or 
economic incentives to do so. EPAct per se places no obligation on any fleet to buy or use alternative 
or r e p b e n t  fuels. 

A bill currenty before the Senate Environment and Public Works Committee would phase out use of 
MTBE as a gasoline blendstock within four years. It would also permit states to waive the Federal 
gasoline oxygen amtent requirement. The bill would require a minimum mewable content in all motor 
fuels (0.6 per cent in 2002, rising by 0.1 percent annually until 201 1 , when it would be capped at 1.5 
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u per cent). While clearly intended to benefit 
ethanol interests, the bill is unlikely to be written 
in such a way as to exclude other renewable 
fuels. However, no existing law compels the use 
of mewable components in any motor fuel. 

$PA Fuel Comp onent Registration and 
Dean Air Act Wa ivers 

Section 21 1(f) of the Clam Air Act provides that 

commerce ifit will cause or amtriiute to the 
fkihm of any motor vehicle to meet the emissions 
standards to which it was certified. The key 
provision of section 21 1 0  may be waived if the 
fuel or additive is "substantially similar" to fuels 
or additives used in certifjing model year 1975 
cars and light trucks. Certain classes of fuel 
componentsaredeemedtobesubstantially 
similar and hence need no waiver. These include 
aliphatic alcohols and aliphatic &as such as 
ethanol and M"E3E (methanol is specilically 

no fuel or fuel additive may be &rodwed into 

MTBE Phaseout - Oil and Gas Journal's 
Washington Week, October 77, 2000 

In the final days of the current session, the Senate 
may consider an Environment and Public Works 
Committee bill to eliminate methyl tertiary butyl 
ether (MTBE) in gasoline within 4 years. The 
Environmental Protection Agency had urged 
Congress to phase out MTBE, an additive that has 
contaminated water supplies following 
underground tank leaks. The legislation would 
allocate $200 million from the Leaking 
Underground Storage Tank fund for MTBE cleanup 
activities. And it would allow states to waive the 
current federal requirement that RFG contain 
2%/wt oxygen. The bill would require more use of 
alternative fuels, including ethanol, by setting a 
minimum content for "renewable" fuels in all motor 
fuels sold. The level would start at 0.6% in 2002, 
rising a tenth of a percentage point yearly until 
reaching 1.5% in 201 1. Refiners could satisfy the 
requirement by blending renewable fuel additives, 
or buying credits generated by the sale of 
alternatively fueled vehicles. EPA would be 
authorized to exempt small refiners from the 
program. 

excluded and may not be used by itself as a gasoline blending agent). Other blending stocks, ifthey are 
to be distributed c o m m d y ,  must be granted a waiver of the 21 1 0  prohibition. S e v d  such 
waivm were granted for various oxygenates intended for gasoline blending. Inte~& in such blending 
components had largely ended by about 1990. 

For an oxygenate liia MTHF, obtaining a waiver would entail developing emissions data b one or 
more vehicles operated on base gasoline and gasoline blended with MTHF. Such data characterrze * the 
"instant effect" of the oxygenated fuel on w i p e  emissions. Data on evqodve  emissions are also 
required To address the long-texm effects of using the blended fuel, materials mmpatii%ty data must 
also be submitted to EPA. This genedly involves @-day irmnersion tests of common automotive fuel 
system materials and components in heated, agitated samples of the blended fuel. Finally, vehicle 
driveability must be evaluated on base gasoline and the blended fuel t.6 show that use of the fuel does 
not degrade this important parameta. From the time the waiver application is submitted to EPA, the 
agency has 180 days to mder a decision. Ifa decision has not been reached in that time, the waiver is 
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granted '%y operation of the statute." (Gasohol received its 21 1(f) waiver in this way; EPA did not 
explicitly grant a waiver for the lO-percent-ethanol gasoline blend.) The applicable section of the Code 
of Federal Regulations is Part 40, Chapter 79?2 

The Clean Air Act section 21 1(f) waiver descr i i  above is a distinct and separate process h m  the 
registrution of a fuel or fuel additive. In the past, registmtion involved little more than informing EPA 
by letter that the fuel additive or blend component was in use, and descriiing its g e n d  nature. At 
present, however, extensive health e f f i  testing is require& The testing protocols are described in 40 
CFRPw80. TheAmericanPetroleum~~hasundertakenalen~ytestingpl.ogramthatwill 
develop baseline health data for eight classes of fuels gasoline, gasohol, gasoline blended with IWBE, 
gasoline blended with ETBE, with diisopxwpyl ether PIPE), tertky butanol (J'BA), or tertiary amyl 
methyl ether (TAME). In the case of oxygenated blend components, the threshold that triggers 
mandatory health e f f i  testing is 1.5 percent oxygen in the finished fuel. Below that level, testing is not 
re- 

At the oxygen con- limit of2 weight percent s p e c k i  for reformulated gasoline (RFG) in the Clean 
Air Act, health effects testing for --blended gasoline would be required23 

\ 

Availabilitv of the Ethanol Blender Tax Credit/Excise Tax ExemDtion to Fuel Products Made 
from Ethanol 

InMarch 1 9 9 0 , ~ I n ~ l ~ S e r v i c e p u b l i s h e d i t s ~ ~ ~ o f t h e t e r m " ~ e d m i x t u r e "  
as used in Section 40 of the Internal Revenue Code. The IRS' interp&on of the phrase had the 
effect of making ethyl tertiary butyl ether @"BE) eligible to receive the fidl value (then 60 cents per 
gallon, now 54 cents) of the ethanol Blender Tax Credit or Federal Excise Tax exemption when ETBE 
was blended to gasoline. The JRS Teasoned that since ETBE was produced h m  ethanol (and butene) 
ma chemical combinafiandon and since there was "no significaut loss of energy contetlt ofthe 
alcohol," ETBE was essentially equivalent to ethanol used as a gasoline blending stock The decision, 
controvenial atthe time, was raErmedbythe IRS in August 1995 and stands unmodifiedto this 
day.24 

zPersonal communication with James Caldwell, U.S. EPA, November I ,  2000. 

=bid. 

24F,d,,,11 Register, Vol. 55,  No. 41, p. 8946, March 9,1990. 
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Since EL is also made fbm ethanol, the question arises of whether EL might be eligible for some part 
or all of the ethanol tax dt. For an answer, ANTARES spoke with the National B i d e d  Board, 
since biodiesel can also be made using ethanol. To date, the question of whether biodiesel would 
qualifjl has not been put to the IRS by the NBB or by any biodiesel producer. Largely because 
methanol is considexably cheaper than ethanol, the U.S. biodiesel industry's product is soy methyl 
esters mther than ethyl esters. The matter is M e r  complicated by the fact that the esterifidon 
reaction that produces biodiesel, unlike the ETBE f o d o n  reaction, also genemtes a by-product, 
namely glycerine. Some part of the feedstock alcohol and its energy umtent could presumably be 
considered to appear in the glycerine. This would play into the calculation of how much of the ethanol 
tax credit would be applicable to the biodiesel product. 

Ethyl levulinate, which is also produced using ethanol, could conceivaby be eligiile for a portion of the 
ethanol blender tax credit. However, since the IRS hasn't ruled (or been asked to rule) on this matter, 
an EL producer would have to petition for a ruling. That pn>cess could be lengthy, but a f a v d l e  
ruling could have a significant impact on the costs of producing EL. Howevery it is important m realize 
that only EL destined for blending to a transportation fuel would gualifjr for the dt. Fuels blended 
with ethanol or an ethanol derivative do not qualzjj for the credit ifthey are used for any 
application other than highway transportation. 

2.6.2 Chemicals 

The divmity of the chemical products that can be derived fbm LA are such that a W e d  assessment 
of all of the reguhtory drivm for these industries is beyond the scope of this report. Howevery for 
products such as pesticidedherbicides that have the potential to be considered pollutants (as opposed 
to those that are chemical feedstocks for other products) some meaninghl infonnation can be gathered 
h m  recent govemment actions. 

Early inNovember 2000, EPA is finalizing its action to ban the use of mixing mnes that dilute toxic 
chemicals discharged into the Great Lakes system. This action prohibits new discharges of toxic 
chemicals into mixing zones and phases out the use ofexisting mixing mes in the -Lakes overthe 
next tenjmus. It has been found that toxic discharges into mixing mnes (a mixing zone is an area. where 
poll~~aremixedwithc1eanerreceivingwaterstodilutetheircon~~oninthewater)buildupin 
the Great Lakes systemandthreaten human health, 
aquatic We and wildlife. This regulation will ban up to 700,000 toxic pounds annually of chemicals that 
are discharged into the lakes and that accumulate in fish and wild& including mercury, dioxin, PCBs 
and peseicides (including DDT, DDD, DDE). 
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Of more significance to the chemical industry is EPA pursuit of similar rules nationwide. Late in 1999, a 
spokesman for the Chemical Manufktmrs Association (now the American Chemistry Council) stated 
that if extended nationally the cost of complying would nm ‘tau of billions of doh.” 

Other actions specifically targeted at pesticideherbicide use include the recent banning of the common 
pesticide chlorpyri6os and heightened concern about child health risks associated with other chemical 
contaminants. 

In June 2000, the EPA and the manufacturers of chlorpyrifos (an organophosphate) agreed to eliminate 

to kill cockroaches and termites and it is appliedto many fhits and vegetables. Pmfwimals will stillbe 
able to use the product, but exterminator companies have agreed to phase out its use where children 
could be exposed. EPA estimates that chloqyrSos accounted for 800 unintentional poisonings in 1999 
and says that it is highly persistent in the envhuhent. Vice h i d e n t  Elin Miller of Dow Agmscimces, 
theprimarYsupplierofthissubstance,saysitissafewhenusedasdirected,butadmi#edthat1996 
Food Quality Protection Act “has hdamentally changed they way in which pesticides are regulated in 
the United States.” It should be noted that EPA plans to review additional organophosphates by the 
end of the year and that the agency has already b e d  the use of methyl parathion and azinphos 

nearly all household applications of this insecticide. It is the most common insecticide exterminat0 Isuse 

d Y L  

The Clinton White House has implemented the children’s Health Initiative, which will involve toxicity 
testing o f h u n W  ofchemicalst0 see ifthey are making childmill. Citing achange millnesspattems 
among c h i l h  this initiative is gaining popular and bi-m support. -ve John Porter of 
Illinois, chairman ofthe Appropriations Subcammittee on Labor, Health & Human Services, Education 
and Related Agencies proclaimed in an opening hearing on the subject that protecting our c h i l h  fiom 
envimmental dangers is “me ofthe most impoaant subjects of all.” This may be beneficial to the 
extent that DALA is less toxic. This could be ;npOaant to firhne madding efforts. 

With respect to any products that Biofine wishes to introduce into these markets, an additional item to 
consider is the time and expense of registering and labeling a pesticide for use. Some sources suggested 
that this process could take 8-10 years and may cost as much as $50 million. The Food Quality 
Protection Act (FQPA) and prior legislation that it supports also allow EPA to levy registratiOn and 
r,mhtamce fees on man- to cover its costs under the legislation. 

Through the FQPA, the 104th Congress enacted significant changes to the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA), goveming U.S. sale and use of pesticide products, and the 
Federal Food, h g ,  and Cosmetic Act (FFDCA), which limits pesticide residues on food The vehicle 
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of these changes was H.R 1627, the "Food Quality Protection Act of 1996" (FQPA), enacted August 
3,1996, as Public Law 104-170. Under FIFRA, the new law will Wtate registrations and re- 
registrations of pesticides for special (so-calldminor") uses and authorize collection of maintenance 
fees to support pesticide re-registnition. 

I 

Food safety provisions will establish a single standard of safety for pesticide residue on mw and 
processed foods; provide information through large food retail stores to consumers about the health 
risks of pesticide midues and how to avoid them; preempt state and local food safety laws ifthey are 
based on concentrations of pesticide residues below recently established Federal residue limits 
(called"to1mw"); and ensure that tolmces protect the health of inf$nts and children 

2.6.3 Power 

Policy makers have taken a serious inkmt in renewable power, especially at the state level. "he 
restructuring bills of many states now include some provision to e n c o q e  the pduction of greea 
energy through renewable portfolo standards (RPS), system/societal benefits charges (SBC), or both. 
For renewable energy advocates, the movement appears to be the ticket to rapid market penetration 
and widespread acceptance of their technologies. 

Renewabl e Portfo lio Standards m P S )  

Renewable portfolio standards are emerging as an important mechanism for states to enmurage the 
development of mewable energy resources. RPS provisions usually dictate that a minimum amount of 
renewable electricity be included in the state's eleclricity mix Although Federal legislation is also being 
umsided, states are seizing the opportunity in their restrucftuing bills to move renewable technologies 
of all sorts to the f m b n t  of public policy. Of corn ,  thexe m some states that appear to be taking a 
more serious approach to promoting renewable energy than others. For example, most outside 
observers believe that, despite the ap-t size of Maine's RPS provision (30% Starting in 2000), it 
will do little to enmuage new renewable energy use. About 4550% of Maine's electricity is already 
supplied by qualified mewable e n q  sources. Wiit 13, on the following page, highlights some of 
the more important aspects of the RPS provisions passed in states to date. 

41 



i 

i 

Maine 

EXHIBIT 13: Renewable Portfolio Standards '' 

0.5% in 2000.6% in 2009 
30% in 2000 and thereafter 

I Renewrbles Standard Level 

Wisconsin 

Arizona 0.2% in 2001; 0.8% by 2004; 1.1% for 
2007-2012 after review in 2004; 50% 

2000,7% in 2009; Class I Technologies: 

0.5% by 2001, increasing to 2.2% by 
201 1 (0.6% can come from pre-1998 

Massachuset -1 r% new renewables in 2003,4% in 2009, 

New Mexico 

Pennsylvania 

Texas 

I I Technologies: 0.5% in 2001,4% in 
2012 
5% of energy to serve standard-offer 
customers 

For PECO, West Penn, and PP&L, 20% 
of residential customers served by 
competitive default provider: 2% in 
2001, increasing 0.5% per year; for 
GPU, 0.2% in 2001 for 20% of 
customers, increasing to 80% in 2004 
New and existing renewables: 1280 
MW by 2003,2880 MW by 2009 (2000 
MW must come from new renewable 
resources) 

Status As of July 2000 

RPS funded by SBC charges and utility and customer 
contributions; rulemaking later in 2000 

Individual suppliers may petition for two-year delay; 
decision not to apply the RPS to default suppliers 
currently under appeal to state Superior Court 
RPS took effect in March 2000 and includes high- 
efficiency cogeneration systems 
RPS not adopted for existing renewables; focus on 
creating tradable environmental certificates 
One utility may be exempted until 2005; two major . .  

utilities have sued to overturn restructuring law 
Implementation regulations not yet determined, 
though draft regulations have been released 

Standard depends on availability of New Mexico 
renewable resources; expected to start at lower than 
5% 
Requirement imposed on service-territory basis; 
GPU's solicitation of default suppliers did not receive 
any bids; PECO Energy and PP&L auctions due later 
this year 

Regulations issued in December 1999; methane gas 
produced by landfill qualifies, with electric conversion 
factor; state IS0 is working on creating credit-trading 
system. 

Draft regulations sent to the Wisconsin Legislature in 
March 2000 

25P~rter, Kevin, Biomass Power ond State Renewable EneW Policies Under Electric Industry Restructuring, Bioeneqy 
2000, October 2000. 
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Svstem/Soc ietal Benefi ts Charges 
While RPS provisions mandate mewable content within a given state’s genedon mix, SBC 
provisions d y  pvide  funding to support the development of mewable energy andor energy 
efficiency projects. The h d s  are created through surcharges levied on consumers and are intended to 
provide a public benefit. Exhibit 14 provides highlights on the SBC programs adopted so fsr. 

i 
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State 
California 

Connecticut 

Delaware 

Illinois 

Massachuset 
ts 

Montana 

New Jersey 

New Mexico 

New York 

Oregon 

Pennsylvania 

Rhode Island 

Wisconsin 

EXHIBIT 14: SystedSoc 

Level of Support for Renewables 
$1 35 million per year for four years 
beginning in 1998 

Approximately $ 14 million per year in 
2000; $30 million per year in 2004 and 
thereafter 
$1.5 million per year for renewable 
energy and energy efficiency 
$5 million per year for 10 years 
beginning in 1999; also a $250 million 
clean energy fund 
Approximately $26 million per year from 
1998 on 

Approximately $2 million per year, 
1999-2003 

$29435 million per year, 2000-2007 

$4 million per year beginning in 2001 

$15 million for three years beginning in 
1999 
$8.7 million annually for 10 years 

$1 lmillion per year fund, including 
renewables, 1999-2005; Renewable 
Energy Pilot Fund raises $3.9 million per 
year, 2001-2002 
Approximately $2 million per year 
1998-2002 
Approximately $3.6 million per year 

!tal Benefits 

Status As of July 2000 
45% used to support existing renewables; 30% to 
support new renewables; 10% to support solar and 
other emerging renewables; 15% to support green 
power market 
First investment made in green power aggregator 

Implementation efforts just getting under way 

Ongoing grant and rebate programs: funds to date 
have gone largely to PV and solar thermal systems 

Litigation prevented fund disbursement, but 
favorable court decision will allow new funds to be 

Utilities receive credit against SBC allocation for 
expenses on covered programs; state administers 
remaining funds 
Board of Public Utilities considering two different 
fund administration proposals 
Restructuring law contemplates a revisiting of 
financial support for renewables 
Willow tree planting and co-firing with coal-fired 
plant 
Oregon PUC staff proposed draft rules in April 2000 
for collecting SBC funds; separately, a task force is 
exploring program administration and implementation 

Renewable Energy Pilot largely focused on solar; 
only one utility SBC fund in operation; merger 
settlement will add $20 million to PECO SBC fund 

Has funded wind studies, landfill gas, and PV 

Grant applications and requirements to be 
established 

26Porter, Kevin, Biomass Power and State Renewable Energy Policies Under Electric Industry Restructuring, Bioenergy 
2000, October 2000. 
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Biomass Eligibility under RPS a nd SBC Proma ms 

Exhibit 15 provides an additional perspective on the eligi3ility of biomass under these programs. More 
than half the 17 states implementing an RPS andor an SBC p r o g r a m  have placed restrictions on the 
eligibility of biomass. The reasofls include concerns about sustainability and emissions. These 
restrictionS are even more problematic when one considers that some of the states haven’t even 
clarified their meaning. Sevexal, including connecticuf are waiting far a claim h m  a susbjnable 
biomass power supplier before clarifLing their defjnitions. 
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CXHIBIT 13 
State 

Arizona 
California 

Connecticut 

Delaware 
Illinois 

Maine 
Massachusett 
S 

Montana 

Nevada 

New Jersey 

New Mexico 

New York 
Pennsylvania 
Oregon 

Rhode Island 
Texas 

Wisconsin 

Biomass EligibiliV7 
Eligibility of Biomass 

Biomass resource must be in-state 
Biomass must be in-state, must not be utility-owned, and must be off the fixed-price portion of 
the utility power purchase contracts 
For the RPS, a biomass generator is a Class I renewable if facility began operating after July 1998, 
and if the biomass fuel “is cultivated and harvested in a sustainable manner”; Class I1 renewable 
applies to existing MSW and biomass facilities that do not meet Class I definition; low-emission 
advanced biomass conversion technologies are the only biomass technology eligible for the SBC 

Dedicated crops for energy production and organic waste biomass (animal manure, crop 
residues, wastewater sludge); construction debris, waste wood, and office waste are not allowed 
Biomass under 100 MW; high-efficiency co-generation of any size qualifies 
Existing biomass and MSW meeting certain air emission limits are eligible for existing RPS, 
should one be designed. Only low-emission, advanced biomass eligible for “new” tier of RPS; 
considering an NOx-based criteria to qualify advanced biomass; incremental generation from 
retrofitted biomass may qualify if emission threshold met; recommended that biomass co-firing be 
eligible as long as emissions threshold met (only the renewables output qualifies); considered 
“new” on case-by-case basis 
Biomass eligible for SBC funds; Montana Power expressed preference for solar, wind, and 
geothermal in 1999 RFP; RFP in 2000 only for wind 
Biomass must be “naturally regenerated”; precise definition under negotiation in stakeholder 
group 
Biomass qualifies for existing RPS tier; only biomass harvested in sustainable manner qualifies 
for new RPS tier 
Renewables must be low or zero emissions; biomass limited to landfill gas, anaerobic digestion, 
or fuel cells 
Biomass eligible; focus has been on growing of willow trees for biomass co-firing 
Biomass eligible for RPS and SBC 
Dedicated energy crops “available on a renewable basis,” landfill methane, digester gas. and 
“low-emission nontoxic biomass based on solid organic fuels from wood, forest and field 
residues” 
Sustainably managed biomass 
Biomass and biomass-based waste products qualify, including landfill gas; excludes waste 
products from inorganic sources; Biomass co-firing essentially not allowed-fossil co-firing 
limited to 2% of annual fuel input; existing fossil plants cannot be repowered to use renewable 
fiieln 
RPS only amlies to electric utilities: biomass and biomass eo-firing eligible 

*‘lPorter, Kevin, Biomass Power and State Renewable Energy Policies Under Electric Indusw Restructuring, Bioenergy 
2000. October 2000. 
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The net benefit of RPSEBC p r o m  for biomass energy is difficult to assess. However, eligibility 
restrictionS, vague dehitions, and short time fiames do not provide investors any assurance that state 
governments will be committed to long-term support of biomass power projects. Instead, it appears 
that good mafketing and buy-in hm motivated coflsumers will be the most likely mechanism for 
creating and sustaining new green power markets over the next 20 years. 

b 

3.0 MARKET DEVELOPMENT PLAN 

3.1 General Market Development Planning 

It is part of Biofine’s underlying business strategy to 
attempt to build largescale f8cilities. This strategy is 
premised on the need to profitably recover 
development costs and to capture economies of scale 
that will reduce produdion costs. In order to provide 
a stable platfom for business growth, Biofine 
understands that at least one high-volume market must 
be established. To be successlid at low initial market 
penetration rates, Biofine also recognizeS that the 
largerthis market, the better. hvidedthat start-up 

Niche 
Markets with 

VervHieh . 

operations can break even supplying products to this 
market, added-value products such as high- value 
chemicals will provide the profit margins needed to 
make the projects succeed. 

EMBIBIT 1 6  Value Added Pyramid w 

This is a sound business model and it has been employed by many industries to provide stable growth 
and returns. The key question is how to develop the high-volume markets that Curzentiy present 
themselves to Biofine (primarily energy markets) as a platform Within these markets, Biofine’s 
proctucts have the advantage of being environmentally beneficial, .+t they are also more expensive than 
the incumbent products. This does not necessafily rule out market penetration, but it does suggest that 
Biofine will have to focus its efforts on identifjing d v e  Strategies to market its platform product and 
pursue as many incentives as possible. 

To accomplish this, Biofine must h t  address any technical and regulatory issues that stand in the way 
of &me project development due diligence. Clear fact sheets for each proposed product that include 
mated safety data sheets, handling guidelines, fuel analyses, discussions of helplid incentives and 
regulations, and a marketing strategy are all needed. The remainder ofthis report provides ANTARES’ 
suggestion on a few specific items that should be addressed. 
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u 3.2 Addressing Technical Issues: Recommendations/Action list 

3.2.1 Tran>portation /Home Heating Fuel Applications 

At a minimum, MTHF should be blended to regular gasoline (test fuels based on premium and 
mid-grade gasolines would also be desirable) at several levels (say 5, lO and 15 percent by 
volume) and RON and MON determinations made on the blends. Blending octane behavior can 
vary with the concentration of the blending component in the base fuel and the composition of 
the base fuel (its olefin content, for example). 

Summarizing, the following actions should be pursued: 

W 

0 Conduct additional testing for MTHF that includes multiple blends and RON, MON 

Perform a detailed estimate of MTHF production costs that carefully consider the costs of 

Conduct additional testing for ethyl levulinate to include: 

- Cetane number determination 

determinations. 

producing hydrogen for the process. 
0 

0 

- Identification of economical additives that provide solution stability for EL/FO 
blends 

Once a stable mixture is identified, Biofine should conduct other tests to 
accurately assess other fuel characteristics such as flashpoint. Tests made to date 
for this parameter were inconclusive 

- 

- Short-term engine tests. 
For EL in home heating oil market, ANTARES recommends that Biofine commission 
diffision burner tests. 

These tests are all intended to provide information critical to certifling and complying with 
federal regulations and consensus specifications for using these fuels in specific markets. 

3.2.2 Power Applications 

As noted in the previous discussion, ANTARES does not expect any show-stopping technical 
issues when using EL blends in combustion turbines, provided the fuel can be completely 
characterized and that blending issues with fuel oil are addressed. It will be important to 
thoroughly characterize the fuel and obtain performance guarantees from the manufacturer of the 
proposed power plant. Specifically: 
0 Conduct laboratory testing and fuel analyses that include - an ultimate analysis - smoke point and other parameters specified by ASTM test protocols for 

combustion turbine fbels. These tests can be conducted relatively inexpensively 
and will pave the way for more expensive tests that will be required to certify 
turbine performance on the fuel. 
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0 Work with a major turbine manufacturer to guarantee fuel blend performance using 

Perform a detailed headenergy balance analysis with the specific intent of accurately 
laboratory combustor tests or obtain hard performance guarantees. 

modeling overall thermaVelectric efficiency of a combined cycle plant using various 
ELF0  blends. 

+d 

0 

Biofine is also considering the use of process char for on-site headpower. This seems to be a 
practical and economic way to convert this waste stream into an added-value product. However, 
the characteristics of the char are such that special handling systems may be required. 
ANTARES recommends that Biofine seek input from the manufacturers of industrial-size 
packaged biomass boilers to determine the most beneficial technology. ANTARES also suggests 
that Biofine conduct an ultimate analysis on the char. This will provide valuable information to 
the manufacturer and help in making final decisions about the appropriate technology. 

3 3  Addressing Regulatory Issues: Recommendations/Action list 

3.3.1 Fuel Applications 

With ResDect to the Clean Air Act 
Obtaining a 2 1 1(f) waiver is of utmost importance if Biofine intends to market a gasoline 
replacement fuel. To obtain this waiver, Biofine must demonstrate that MTHF is “substantially 
similar” to fuels or additives used in certifjling model year 1975 cars and light trucks. Proving 
this point will require a well-planned testing regime. Specifically, Biofine will need to: b, 
0 develop emissions data from vehicles operated on base gasoline and gasoline blended 

determine EPA’s position on using MTHF as a cosolvent with ethanol and gasoline, 
obtain data on evaporative emissions, 

evaluate vehicle driveability on MTHF-blended fuel, 
make maximum use of existing data in 2 1 1 (f) application. 

with MTHF, 
0 

0 

0 submit materials compatibility data, 

With ResDect to Registerinp the Fuel with the EPA 

As noted earlier, registering M m  as a fuel is a different process from obtaining the 21 1 0  
waiver and extensive health effects testing can be required. The extent of this testing is 
determined in part by the amount of oxygen in the finished fuel. The threshold that triggers 
mandatory health effects testing is 1.5 percent oxygen in the finished fuel. ANTARES estimates 
that MTHF blends in excess of 1 1.3% on a volume basis, would have this impact on a regular 
gasoline. 
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LJ Therefore ANTARES recommends the following: 

Pursue/support legislative action that changes or waives the CAA oxygen requirement 

Provided that the first can be obtained, market MTHF as an oxygenate with blend volume 

Begin registration process with EPA as soon as possible if Biofine wishes to pursue this 

(2%) for RFG when using a substantially renewable fuel. 

targets below 1 1.3% on a volume basis to avoid extensive health testing. 

market and begin outlining test protocol to meet other testing requirements. 

With Respect to EPAct 
One approach for Biofine to improve its market under EPAct would be to propose a light-duty 
fuel, which might substitute for E-85 in current Flexible Fuel Vehicles. This could be done as a 
new fuel (requiring a rulemaking), or perhaps simply as a fuel meeting the “biologically derived 
material” standard. Again, under either of these approaches, DOE might be the least of the 
barriers. Section 2 1 1 ( f )  of the Clean Air Act requires EPA to approve use of any fuel not 
“substantially similar” to current petroleum fuels. A minimum of six months is required for 
EPA’s ruling from the time the agency is petitioned for a 21 1(f) waiver. Under current programs, 
there is growing concerns about FFVs which are not using any alternative fuel, so any efforts 
here would only be as good as the commitment to make the fuel widely available at a 
competitive price with gasoline. 

, 

To move forward with its diesel replacement fuel, the simplest approach might be for Biofine to 
make the claim that its fuel is basically another form of biodiesel, and should be accounted for 
under the program in the same manner. Proposing a distinctly separate heavy-duty fuel would 
require a full rulemaking process. DOE is struggling with the question of how to address an 
alternative diesel fuel, Fischer-Tropsch diesel (FTD). DOE’S difficulty goes back to EPAct’s 
focus on vehicles, and not fuels. Since FTD could be used in any diesel vehicle, DOE is 
concerned that designating FTD an alternative fuel could make every diesel vehicle an AFV, a 
highly unpopular result with the alternative fuels industry. At this time, it is unclear how this 
situation will be resolved. It has been suggested that FTD be treated like biodiesel, but without 
the specific legislative authority, it is unclear that DOE could do this. Therefore, moving 
forward with a new Pencor alternative diesel fuel might be difficult, or at least complex. 

Whichever approach is selected, there may be something different coming from DOE in the 
future. DOE recently held several workshops on a potential rule to cover Private and Local 
Government fleets. Such a rule would be limited to light-duty vehicles, but would expand the 
potential market for alternative fuels significantly. (Some projections have indicated that a 
Private and Local rule might require acquisitions of 400,000 AFVs a year.) DOE has proposed 
several options, including an AFV acquisition program similar to existing ones, a slightly more 
flexible AFV acquisition program which allows some credit based on the amount of alternative 
fuel used, and a program based solely on fuel use (a Replacement Fuel Program). At this point 
in time, if a rule or guidance is proposed for moving alternative fuels forward, it will likely 
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i include elements of either of the last two. Thus, thm would be some emphasis on fuel use to meet 
requirements, or the requirements themselves might be based on fuel use. DOE is also considering 
whether to develop requirements for tt.ansit bus fleets. Transit buses currently account for 1% of the 
tiansportation petroleum use in the United States. A mpinment for transit buses could allow a fuel 
pmvider to focus initially on a few large, cenWy k l e d  fleets to generate a sizable demand for his: early 

However, these rules, at best, may be imposed by 2002 or 2003. 
fuel production A final decision on a Private and Local Rule will be left to the Bush Administrati on 

With Respect to t he Ethanol Tax Cred it 
The size of the transportatr 'on fuel market for EL mandates that Biofine consider pursuing a priVate 
ruling h t h e  IRS on the e l i g i i i  of the fuel to receive a p  rata share ofthe credit for EL. The fuel 
mtainly meets the policy specifications that the credit was intended to encouxage and the eumomics of 
the fuel could be substantially impmvd ANTARES suggests that Biofine contact the IRS to investigate 
the fwWty of such an application and determine the related costs as soon as possible. 

3.3.2 Power Applications 

The analyses presented in this report suggest that Biofine's plans to generate and sell green eld'lcity 
will require some green market or mewable energy policy support to be successll. ANTARES 
suggests that Biofine take pm-active steps to suppOaing legislation on a Federal level and in states that 
appear especially attractive for biomass power. Although many states have already passed RPSISBC 
legis~on, the terms of these incentives are often limited. For example, New York's SBC p r o g r a m  is 
due to expire and efforts are underway by various mewable energy groups to m e w  it Biofine should 
consider investing some time in Supporting these efforts and representing its interests. However, 
ultimately ANTARES does not expect state or Federal mewable energy regulations to present the 
greatest challenge to selling green power. It will be fa- more hportant for Biofine to make a strong case 
totheenvironmmtalcommuruty * that Biohe's proposed feedstocks and the d t i n g  fuels meet their 
requirements for producing green energy. 

LJ 

3.3.3 Chemicals 

The most obvious action item for Biofine in this sector is to pursue registration of DALA as an active 
ingdimt in specific pesticide applications. The expense and lead time on such an application is such 
that gajning a thomugh and early understanding of the legal nquhmxts for this product will be uucial 
to developing the market or securing an in dust^^ partner. As a ikst step, ANTARES suggests that 
Biofine obtain a copy of the pesticide registdon application and begin developing test protocols that 
will p r o v i d e  suflicient data to satis@ EPA's new health and &ty requirementS. As an adjunct, 
ANTARES suggests that Biofine secure the services of one ofthe many chemical industry consulting 
firms that specialize in health and toxicity testing. These companies are mtkibly fhiliar with 
intematiOnai government ~gdat~ons new chemical applicationS and can develop test 
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protaxls, conduct testing, and assist Biofine make applications to the appropriate agencies. In lieu of 
this strategy, Biofine may also seek to secure an industry partner that is capable of carrying out these 
services indepedently or at least sharing the costs. 

Ld 

3.4 Market Opportunities/Prioritieities 

W 

The informatin collected in this p r t  suggests the following: 
1) Energy markets (electricity, heat, power) will be difficult to pen- without significant 

incentives, additional testing, and cross subsidization from sales to high-value chemical markets. 
Recognizing that the costs used in this repoa for the chemical derivatives relied on large-scale 
plant economies, an intensting question arises. At what scale must biorefineries be developed 
to make LA derivative production costs low enough to compete on their own in the obvious, 
high-value chemical markets? ANTARES believes that resolving this questions as accmitely as 
possible is key to SUCCeSSfUl and profitable deployment of Biofine's technologies for two 
reasons. 1) The energy makets are lower in value and in a l l  probability products sold into this 
mad& might be marginauy profitable if government incentives or special market conditiolls can 
be brought to bear. However, in the absence of such conditions, product sales into this mark& 
should be considered secondary and only be considered ifeumomic modeling suggests a net 
benefit in lowering production costs for othex LA derivatives that can be obtained. 2) Thm are 
several chemical markets which appear large enough to support the construction of dedicated 
Biofine biorefineries at moderate scales. Conhmh 'on of the economics to support this 
statement should motivate Biofine to place a high priurity on identifLing chemical industty 
partners that find it cost-effxtive to use LA derivative products in their Capacity addition plans. 

2) In this report, Texas emerged as a state with considerable potential for siting a biodhery. This 
may seem counter-intuitive since it is the heartland of America's petroleum industry, but 
consider the evidence: 

Texas has enacted legislation calling for a substantial in- in gmm electricity, 
leading the nation in expected additional green MWs needed. 
Texasleadsthenationinthen~ofrefineriesandre~gcapacity.Thesefacilites 
blend fuels to specifidon and provided that some of the technical issues with MTHF 
and EL blends are resolved, these products could be blended at these sites. Ifrefiner 
interest could be stirred, this would pbably be more economical than blending at the 
rack as is done with ethanol for technical reasons. 
Many of the relevant chemical industres, such as BDO, ate concentmted in Texas. 
Texas also has a substantial biomass resource base. 
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Taken as a whole, these facts suggest that significant synergies may be obtained by 
locating a biorefinery in Texas. Strategically, gaining the interest of the chemical industry 
in LA derivative products may provide the credibility Biofine needs to also attract refiner 
interest. 

3) The chemical market for BPA (for which Biofine hopes to substitute DPA), BDO, and 
THF are substantial. Although there is overlap between BDO and THF, these markets 
seem to offer both volume and price points that are attractive as first markets for a 
biorefinery. A more detailed mass flow analysis will be required to more precisely 
determine economic feasibility, but based on early projections, Biofine’s production costs 
for these commodities are far below industry sales prices. The growth in these industries 
is motivating manufacturers to build new plants or expand capacity at existing ones. The 
list of key manufacturers in the U.S. is small and Biofine should consider these 
companies in their pursuit of strategic partners. 

4.0 BUILDING THE FIRST LARGE-SCALE PLANT 

4.1 Strategy 

The wide range of products that can be manufactured through Biofine’s biorefinery technologies 
is such that it provides a challenge to focus on downstream markets. Having considered the 
general market and trends for potential Biofine products, ANTARES, in consultation with 
Chemical Industry Services, Inc. (CIS) suggest that the Biofine proceeds with its large scale 
commercialization plans based on the following precepts: 
0 Biofme should seek to convert as much LA as possible into high value chemical 

products. Chemicals appear to have the best chance of providing high profit margins, but 
initially market penetration may be small and some marketing will be required to identig 
customers. 

EL produced will initially be used to power a combustion turbine to generate electricity 
und for the home heating oil market. In both cases Biofine must stress the importance of 
this fuel to provide “green peaking energy” to mitigate price spikes in the electricity and 
fuel oil markets. However, as markets for chemical products increase, a growing 
percentage of the plants should be transitioned away from the lower value energy 
markets. 

and electricity prices are a major concern; 2) there is coincident biomass resources from a 
reliable supply such as pulp and paper (P&P) mills, MSW, agricultural, or h i t u r e  
manufacturing wastes; and 3) there is suflicient bulk transportation infrastructure to 
support the shipping and receipt of large quantities of LA and EL. 

0 Plan to convert the remaining LA produced from the first large-scale plant into EL. The 

0 If possible, Biofine should seek to locate the first plant: 1) in area where home heating oil 
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LA from Biofines smaller plant at South Glens Falls should be used: 1) to sell into the 
existing LA market to the greatest extent possible; and 2) provide product samples to 
prospective customers. 

u 

4.2 Market Penetration Expectations (Initial Products) 

4.2.1 DPA 

As noted previously, the first large scale Biofine will rely heavily on EL energy products to 
provide the manufacturing economics necessary to produce low-cost LA. However, preliminary 
economic analyses suggest that it will be chemical products, even produced in small volumes, 
that will drive the plants profitability. Therefore, selecting the right chemical product to initially 
pursue will be critical to the success of the plant. Based on information received from CIS, 
ANTARES suggests that DPA be considered the top candidate for early production at Biofines 
first large-scale biorefinery. Biofine plans to promote DPA as a replacement for bisphenol A 
@PA) in the production of polycarbonate resins and epoxy resins. DPA was used in this 
application but because of its cost and availability, it lost the market to BPA. 

The 2 billion pound market for BPA continues to grow with the end-uses being low cost, high 
volume plastics like polyesters and polycarbonates. Biofine should be able to sell 300MM Ibs. 
(a 15% penetration) to allow a BPA producer to test DPA in polymers and delay the need to 
build another BPA expansion. Targeted manufacturers should find $0.40 / Ib. considerably 
below their cost of around $0.60 per pound, and the market penetration figure reflects the belief 
that this will provide enough incentive in a makebuy decision. 'hi 
Work fhded by Biofine shows that some interesting polymer properties can be obtained by 
adding DPA to certain BPA formulations. The work also shows that interesting properties can 
be obtained in the resins with low level addition of DPA as a polymer modifier which should 
allow for a premium price for DPA. Although additional research will be required, Biofine 
should be able to sell about 20MM pounds as an additive with a price of $0.60 a pound. 

4.2.2 Formic Acid 

The Biofine process produces one pound formic acid (FA) for every 2.5 pounds of LA in an 
aqueous solution. This material can be recovered as FA or as a formic acid salt. There is a U.S. 
market for approximately 60 million pounds of FA at approximately $0.45 per pound. Based on 
the industry experience of CIS, Inc., Biofine could move up to 50% of the market with a price of 
$0.20-$.22 per pound without being a disruptive factor in the market. In fact, current producers 
might purchase 30 million from Biofine to accomplish the dual objective of obtaining low cost 
FA and maintain control on new production. 
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u 4.2.3 Ethyl Levulinate 

solvent Market 

The solvent market is huge with all companies looking for new solvents that give better pedormance. 
Conventional high volatile organic compounds (VW) solvents that have undesirable attributes such as 
bemg flammable, toxic, Mating and e n v i m n m w  undesirable. EL may be an excellent candidate for 
this purpose especially as a solvent in the food, electronic, low VOC, &greasing, printing ink, and 
other applications. At least one West coast-based company is very bullish on LA esters and has an 
ongoing project that involves a pracess for EL synthesis from LA and EL application studies. 

Biofine will be producing hundred’s of millions of pounds of EL for use in fuel applications at a cost of 
well under $0.25/lb. Several LA estem are CUlTently produced by d specialty chemical companies 
and sold into high value added markets such as flavor and fragmce uses. Prices are g e n d y  over 
$lO.OOflb. 

Our market forecast shows new applications for EL as a commercial solvent at 30 million pounds and a 
price of $0.50 for the early market volumes. This is at 30% of the current price for 7°F. Thiay million 
pounds is likely to be a coflservative eStimate of under 5% petration. At this price level EL is also 
fhvorably priced against Ethyl Acetate and Diiutylether. 

Over 6,000 M W  of required renewable capacity is contained in state legislation that has passed or is 
currently pending. Since this capacity is legislated, it represents a relatively firm bottom to the potential 
market that Biohe has to consider for green power. About 2,000 MW of the total is scheduled for 
deployment in the Northeast, New England, and Mid Atlantic. Excluding Massachusetts (legislation in 
this state is unlikely to spur new renewable capacity) approximately 1,300 MW of new capacity has 
been mandated h the same g e n d  @on that is d y  experiencing a home heating oil crisis. This 
coincidence with another related market for EL could be critical to the first plant’s success. This reg;On 
has the added a#raction as being very well suited for biomass derived generation. Further, solar, wind, 
and geothermal fesources are less pmalent in these a m s  than in other regions throughout the country. 
As a result, ANTARES considers the general area along the middle and uppa east coast an excellent 
target area for deploying an EL based generation plant. The following discussions focus on this regian. 

Before considering the penetration that Biofine generated green power may make into the describe 
market, one must COIlsider the price and acoeptance that electricity derived firm a fuel oil / ethyl 
levulinate blend is lihelyto receive. Serving the needs of legislative rna&ds, a good first target, will 
require that states agree to the type and manner in which the renewable power is produced. As 
discussed in section 2.3.1 (Electricity Sectiun), decoup& the “green portion” h m  the fwil  
of the electricity produced may offer one way to clearly demonstrate that green power is produced at 
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u plant using a blended fbeL Further, depending on the results of combustor tests, it may prove possible 
to use very high EL blends or even eliminate fuel oil -the mix in combustion turbine applicatons. 
Using 100% EL, would alleviate concerns that environmental groups may raise with regards to cofkhg 
EL with fbel oil. In either case, the value of this renewable power will be based on supply and demand. 
In states like New Jersey where it is unclear how renewable power mandates will be met, dishiiution 
companies may pay a premium for large-scale, baseload renewable power simply because they have 
no choice and are legally bound to provide this service. Based on the UCS repod*, and data c o l l d  
from DOE, one might expect such a premium to be on the order of 2 centdkWh for renewable power. 

Obtaining a green premium from customers d k d y ,  outside of a legislative mandate may be tougher. In 
the absence of such government support, customen must be individually convhd of the value of this 
generation and their reaction to any product is likely to be specific to its c- ' 'cs.Hexe,the 
b - e  certification can help, but even with such d a t i o n ,  recent results suggest that maxi& 
penetmtion is likely to be low. It may wen be lower in states where a legislative mandates exist since 
customers may feel that their state govemments are already doing there part for them. However, on the 
flip side, perception, not market forces may play a more important role in deciding the magnitude of the 
premium. Goodmarketingmaybe able to umveyto customers thatlargerpremiums are neededto 
pmvide sustainabe, long-term renewable energy solutions. 

ANTARES considered these factors candidly assessing the probable premium and potential market 
penetmtion that Bioiine might expect h pviding a green power product. Several 
scenarios are presented below. In presenting this table two g e n d  assumptions were made: 1) the 
No~theast because of its other energy demands relevant to the Biofine process is the target region; and 
2) green premiums would be added to the average wholesale electricity costs for the currenf generation 
mix in the region; and RPS provide the impetus for creatjng a green power market. 

I 

EXHIBIT 17: Green Power Potential 
NO& 

28UCS, Clean Power Surge: Ranking the States, April 2000. 
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The extreme cases shown in this table (RPS Market Only-ccmservative, RPS & 1% of non-renewable- 
optimistic) demonsbate that annual demand for EL in the electricity market could stretch over a large 
range. In the more pessimistic cases, approximately 40% of the LA output of just one 500 tpd 
biorehery could meet early demand. By 2010, appmximately 10 times this amount might be required if 
optimistic prediGtions hold true. However, it should be noted that even using optimistic green pricing 
premiums, green power is likely to provide very low margins. As stated earlier, it will be higher value 
chemicalcommoditiesthatammbioreherypfitab~. 

In the highway diesel fuel market, ethyl levulinate (EL) will compete directly with biodiesel as a diesel 
fuel replacement or blending stock Overthe past halfdozen years, biodiesel has reached an estimated 
production of h t w o  d o n  to four million gallons annually. A small @on of this is mazkefed as 
industrid solvent (f&y acid methyl esters, or FAME), but the majority is blended, usually at the 20 
volume percent level, to diesel fuel. In reaching even this modest level of acceptance as a fuel, biodiesel 
has had s e v d  key advantages: 

The Energy Conservation Reauthorization Act of 1998 (P.L.105-388,1998) 
specifically granted it status under the Energy Policy Act of 1992 (EPAct) as a 
q h c m m t  fuel for wbich fleets may receive credit toward the purchase of alternative 
fuel vehicles required by €PAct 

and local agricultud interests (analogous to ethanol), and with the economic fortunes of 
Strong identification in the eyes of government (all levels) and the public with ~ g i d  

a- es 
Demonstrated technical benefits as a fuel, including cetane number improvement, 

Completion of the Environmental Protecton Agency’s health effects protocols. 

.. 
* 

comptiiility with most in-service diesel engines, acceptance by engine manufktmm 
and standards oqpkations and measurable emissionS improvements 

The vast majority of U.S. b ides1  is made fmm soybean oil (hence its strong association with kmhg 
interests) and methanoL EL, on the other hand, is made using ethanol, an agriculturally derived 
commodity that enjoys hvorable tax merit from the Federal Govemment and s e v d  state 
governments when it’s used as a motor f k L  Since EL in essence “contains” at least some ethanol, 
legislation and/or an Intemal Revenue Service ruling might be achievable which would grant it some or 
all of the ethanol tax credit. Both avenues should be p m  in this market penetration estimate, we 
assume only that EL has achieved the same status as biodiesel with respect to the Energy Policy Act 
(fixst item, above). This should be an easy and persuasive argument to make to Congress, but the 
process is apt to be lengthy. 

I 
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4 d  We fbther assume that: 

e Biofine will commence ma&ethg ELdiesel fuel blends with evidence in hand that they 
are compatiile with most or all major engine xnandactm~~' products and meet 
applicable ASTM stan& 
EL, as produced, is essentially stdhr-k (at least below 15 ppm) and that its 
combuston emissions are below those of conventional diesel fuel in at least some 
particulars 

locally produced commodities (e.g., agricultural residues, ethanol) and by securing the 
interest and support of regional fleet opaators for demonstration programs 

producedto minimize the cost of the ethanol input to EL production. 

Biofine has laid the groundwork by associating its product in target markets with other 

e W e s e l  fuel blends will be made and marketed in or near regions where ethanol is 

Under these assutllptions, a reasonable upper-limit estimate is that within two years of commencing EL 
production, a 500 ton-perday Biofine plant could dispose of 10 percent of its output, or about 1.9 
million gallons annually, to the transportation fuel market This is approximately equal to the low 
estimate of biodiesel's annual production Greater penetmtion of this market in the 2000 to 2005 time 
h e  does not seem k l y .  

Beginning in mid-2006, road diesel fuel must meet Stringent content standafils under EPA rules 
promulgated in early 2001. According to a study conducted for the American Petroleum htitute 
(API) by Charles River AssociateS (CRA) and Baker and O'Brim, Inc., the price of diesel fuel may 
increase by as much as 14 cents per gallon. This can be expected to improve the economic 
competitiveness of EL (and biodiesel). CRA predicts EPA's rules will also produce a near- to 
medium-km shortage of diesel fuel of as much as 320,000 barrels per day. This is 12 percent of 
projected 2007 diesel fkl supply. The rules are expected to cause some rehers to reduce or end 
production and others to close refin&es. MI has said the national fuel distriion system cannot 
xdiably supply diesel firel at orbelow 15 ppm sullirr while also handling much highex-sulfixproducts 
such as jet fuel and heating oil. Early impads of the diesel dtxuKnm& ' 'onrules,accardingtocRA, 
could include regional shortages, price spikes and spot outages of up to a week in mnoter, less- 
populated areas. 

The transition to ultra-low-sulfur diesel (ULSD) fuel may also create (or be blamed for) engine 
performance or maintenance problems, as during the 1993 intduction of lower-stdhr diesel fuels, 
CARB (California Air Resources Board) diesel fuel in particular. It seems to be widely accepted that 
ULSD fkls will need additives to assure adequate lubricity. EL shows some promise as a lubricity 
additive, and bidesel is very effective in this role. 

I 
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I The g e n d  atmosphere of u n e  that will pvail  during the transiton to ultra-low-sulfur diesel 
fkls (ULSD) could work to the advantage of EL as a diesel fuel blending stock Where EL is available, 
it could help relieve supply s h o W  and modemte local or regional DF prim. If EL can be produced 
as an effectively zero-sulfur pmduct, it could be blended to DF d e l i v d  with above-spec sulfin 
content to bring it back into specification. This would permit the &blended fuel to be sold as highway 
diesel and prevent its being downgraded to the off-highway market. These factors could be expected 
to work to the advantage of EL and &blended highway diesel fuel. It cannot be predicted how long 
the transitional period's price and supply upsets will persist. Nevertheless, it seems likely that for one to 
three years beyond the June 2006 ULSD introduction date there will be discernible effects, at least in 
regional fuel markets, of this landmark event. EL. may thus have additional time to build market share 
beyond mid-2006. Exhiiit 18, shows that Biofine, by capturing 0.125 percent of the expeded diesel 
fuel shortage in 2007 (320,000 bbyday), could add additional annual market volume of appmximately 
6 d o n g a l l o n s o f E L ~ y .  

Exhibit 18: EL Potential In Transportation Fuel Market 

The advent of ULSD fuels will reduce the technical advantages conferred by EL (and b i d e d ) .  In the 
2007 model year, the k t  highway diesel engines will appear that have been certified to EPA's Tier 2 
emissionS standanis. The combinaton of ULSD and advanced emissions controls will reduce the 
inamxntal emissions improvements obtainable Erom either EL or biodieseL Bidesel may suffer 
somewhat less than EL m this en*nment, since biodiesel is a highcetane blending stock and an 
oxygenate, both of which improve emissions. EL, also an oxygenate, recfuces the cetane number of 
diesel fuel and thus offers d e r  emissions bef i ts  and no engine performance improvement. A 
second coflsideration is that the per-gallon heating value of diesel fuel will decline as a fesult of deep 
-on. Blending stocks like EL and b i d e d ,  both lowerenergy fkls than diesel hl, will 
have greater effects on the heating value of ULSD blends than on blends with today's diesel firel. Since 
vehicle he1 economy (des per gallon) is d k d l y  related to fuel energy content, this may make them 
less attractive to vehicle opmtors. 

59 



u 
Exhibit 19, seen below, briefly sutlfmarizes the role of each economic contributor within the home 
heating oil industry 

Exhibit 19: Economic Links of The Home Heating Oil Market 

PlY Local Distributors Consumers 

II. - 
Capacity Limited in 
Cold Weather Related High Distillate Prices Result prices Affected 
High Demand Periods by the Actions of 

Previous Links 

Production Levels 
Controlled by OPEC with High o i l  Prices, Low 

Stored Inventories, 
and Poor Local Comoetition 

Many unpredictable outside infhmca combine to determine the price of crude oil and all oil 
derivatives. In the case of the home heating oil market, weather is the ultimate driver of demand. In a 
colder-than-avemge winter with other influences held constant, demand will be higher than n o d  - this 
will stimulate a price spike. The severity and duration of the cold snap, coupled with intend industry 
h c t m  (e.g., low inventories), will determine the magnitude of the price spike. The oil industry begins 
with the world oil producers, then moves down to the refiners, the local distriiuto~~, and W y ,  the 
consumm. The final iink in the chain, the consumer, is economically affected by how the pmious three 
links prepare and deal with demand auctuations. The following discussion provides an overview of the 
vital links that are key to udentanding heating oil economics. 

The world oil producers are the first and most hpxtant link in the overall oil industry pi- because 
they set the stage for a l l  oil product supply. Here the organization of Petroleum Exposing Countria 
(OPEC) exerts d c i e n t  market control to have an impact on oil prim. Generally, OPEC is guided by 
the basic rules of supply and demand to keep prices within an acceptable range. However, severe or 
mild weather conditions or changes in the global economy can alter the demand and cause price swings. 
OPEC attempts to accurately adjust production level up or down to compensate for any demand 
alterations in& by the global environment OPEC may respond to supply crisis for better or worse 
depending on the politics, economics, and the climate. For example, severe weather is diilicult to 
anticipate and prices can go up or down dramatidy. This was the case in 1998, a year marked by 
much milder than n o d  winter weather in the U.S. This, coupled with ewnomic recession in Mia, led 
to a sharp decline in global oil demand. OPEC didn't anticipate either of these Crises. The result was 
an oversuppfy and a sharp decline in d e  prices. 
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Whenever the price of oil drops below the mnge of $22-$28 per hl, one can anticipate OPEC will 
reduce production to raise prices. In March 1999, q m t a t i v e s  of the major oil-producing nations 
met to map out a plan that would create higher prim. OPEC voted to cut production deeply for at 
least a year. OPEC initially cut crude oil proctuCtion by 7.5%, or more that 2 million barrels a day. 
They finthercut output by more than4.3 millionbarrels per day. These cuts d t e d  in spiking the 
price of a barrel of crude oil h m  $10, in March 1999, to $28 in January 2000. G e n d y ,  these spikes 
Continue until demand is abated. At this time, OPEC will Continue normal levels of production, which 
will eventually level out prices. 

Domestic refining capacity also plays a major role in the equation. The U.S. refining industry cannot be 
profitably operated to meet peaking seasonal demands for distillate and gasoline. These refineries are 
usually already running well over 90% Capacity and if an extended period of cold weather anives, the 
refining in- is u n p r e p a r e d  to compeflsate for the sudden increase in demand Even if favorably 

pdyla lgeJxI t fmin&.  Thischaractenstr ’ ‘c is moze financiaUy efficient forthe refine&, but 
can leave mnsumm at the mercy of the supply Crises, especially during sevexe cold weather episodes 
when transportation of heating oil can be delayed. Delays lead to buym’ bidding prices up firrther to 
attract product. In the firhne, the U.S. refining in- may be even less prepared to handle sudden 
in- indemand Refining Capacityis expectdto &unchanged, withallrefiningexpadons 
being made outside the U.S. This will only inatme prices to the consumer during periods of high 
demand due to the mevitable mucase in shipping and distribution fees. 

p r i d  crude oil is abundant, their ability to in- output is limited. In additio- refineries are 

The increase in crude oil prices to the refiner are passed down to the local dktributers. Storage 
shortages, especially during recenf winters, have become a common problem. Storage is an expensive 
element of the oil industry. Due to recent mild winters, suppliers have purposely kept their inventories 
low to avoid extra regulatory and admm&ab ‘ve costs. When a severe winter arrives, they are 
unprepared forthe suddenjump in demand. Duringthis time, the available heating oil is used fasterthan 
it can be xeplenished. Refineries normally cannot keep up with demand duriug cold periods, sending 
inventories down. Wholesale buyers become concerned that supplies are not adequate to cover short- 
term customef demiyd and bid up prices of available pduct. In the Northeast, for example, 
additional supplies usually must come fiwn some distance away such as the Gulf Coast or Eurape. It 
costs more to transport heating oil fiom these sources, and it also can take two or three weeks to 
e v e .  During the time resupply is omxing, the supply of heating oil in the region drops even fuaher. 
Buyer anxiety about finding product in the short term rises, and so do prices - sometimes sharply - until 
new supplies arrive. 

. .  

. 
u 

Competitive differences between local distributors mntriiute to heating oil pricing as well. Consumers 
in remote or d locations may fixe higher prices because there are fewer distriiution competitors. 
Regional operating costs will also afSect prices. These higher prices can be due to higher costs of 
transporting the product to remote locations. 
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I In addition, the dealers’ cost of doing business can vary substantially depending on the area of the 
counfry in which the dealer is located. Costs of doing business include wages and salaries, benefits, 
equipment, leasdrent, innmince, overhead and state and local fees. 

According to studies conducted through the DOE, low inventories are likely to occur in approxhately 
1 of every 3 y d 9 .  So, in theoxy, a price spike of some degree will occur appmximately once in 
every three years. The study used the history of heating degree days combined with the probabilities of 
low inventories and created a statistical model. During these price spikes, a modefiiteIy more 
expensive alternative fbl, such as EL, will have a greater e t y  to penetrate the home heating oil 
market. EL produdion that can be brought into a local heating oil supply pool on shod notice during 
price spikes would offset any regional or local heating oil supply shortmmjngs with EL. 

The previously mentioned crisis-f&g-f&n can be transormed into a l u d v e  oppodunity for an 
EL manufktuer. Strategic location in the Noaheast offers pmmpt, datively inexpensive access to 
over threequaaers of the U.S. heating oil market. The northeastern United States is an ideal region for 
EL heating oil market p e t d o n .  Of the 7.7 million households in the U.S. that use heating oil, 5.3 
million households, or mugh€y 69% reside in this region. In 19!39,4.9 billion gallons of heating oil were 
sold to residential consumm in the Northeast; this is 78% of total U.S. residential fuel oil des. 

The i m p l d o n  of EL blends with heating oil may signiscantly reduce the pressure fian local 
suppliers. suppliers face &@ties in the competitive market for Wing to c o d y  estimate the 
level of inventories that they will need. Ifinventories are too high, suppliers pay unnecessary storage 
costs, reducing profits. If inventories are too low, they lose customers to their competiton. Suppliers 
stock the expected Winter demand to maximize prob. However, ifthe Northeast is struck with a 
severe winter weather condition, st~~lcs are depleted rapidly. The unexpected addition in demand can 
be matched by EUFO blends. This is the best alternative for the supplier. The decision allows the 
supplier to keep stocbs at an appropriate level, which will allow the supplier to maintain & V i  with 
cusbmers. The supplier can maximize the situation even further by mafketing the ELF0 blend as a 

LJ 

“green product.” 

Working against the use of EL to level prim spikes is the political desk to mitigate f k r e  price spikes. 
In July 2000, president Clinton issued an Executive Order that created aNoxtheast home heating oil 
reserve of 2 million h l s  (84 d o n  gallons). It is unclear how efkctive this reserve will be, but it will 
Certainly buffer prices somewhat. In addition, while EL could make an excellent, renewable substitute 
for heating oil, thm is the practical matter of the market’s seasonality to mnsider. Home heating oil is 
primarily sold Cturing the heating season. producing EL year-round to serve this market would reqUire 
large-scale storage fhc%ties. Biofine will probably find this is unwise forthe same m n s  the exist@ 
in dust^^ keeps its mventories low. This suggests that, like a traditional diner, Biohe may find its best 

/ 

*’U.S. Department of Energy, Report to Congress On The Femibiliv of Establishing a Heating Oil Component to The 
Strategic Petroleum Reserve, 1996. 
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I interest lies in adopting a strategy of providing product to this market as it becomes economic to do so. 
At least initially, Biofine could anange to pvide EL to distriibutom at specific price points using heating 
oil market indicators as triggers. During these periods, EL production for steadier markets 
(tmqortation, solvent and green electricity) would be reduced to llfiu these contracts. A considemble 
amount of attention would necessarily be paid to interlinking all the ET., markets in a way that maximizeS 
pfitability. 

By this reasoning, ANTARES believes that the heating oil market does not itselfprovide an initial 
opportunity to expand overall EL pmduction. Instead, this market may provide a premim on some 
portion of the EL being produced for other markets. The combination of a green premium and price 

Ispikes associated with heating oil shortages will allow EL to demand a premium above prices expected 
in the transportation and electricity sectors. Based on this presumptiOn, Exhibit 20 provides an estimate 
of the additional annual  venue the heating oil market may offer for EL products. 

Exhibit 20: EL Potential In Home Heating Oil Market 
HcivEmma-mm-m-m 

4.2.4 Levulinic Acid 

The elkthg market for LAiS Smau (under 1 million pounds per year) and supplidby a European 
mandkctuxer who requires long lead times. We believe that 25% of the customers would 4lualifj' and 
support a USA producer at a selling price of $2.00 per pound versus $4 to $5 per pound. The other 
75% make such high-valueadded dexiwtives hmthe  LA that they would iikely be mdiifikxent to the 
savings. In addition to the existing market, CIS, Inc. experience suggests that appmxhately 10 million 
pounds at up to $0.5OAb may be sold to companies who would develop their own higher value-added 
uses for LA. Ten million pounds for new uses is thought to be a conservative number based on reports 
fiom researchers on the versatility of lowcost LA as a new feedstock 
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I 4.3 Market Penetration Expectations (Longer-Term Product Deployment) 

4.3.1 Tetrahydrofuran PHF) 

THF has two markets. About 75% of the THF produced goes into the production of 
polyktmmethylene ether glycol (PTMEG). The remainder is primarity sold into the solvents market. 
THF available at high volumes and low cost would be very attractive to PTMEG prochum. These 
compania normally have to expand both THF and P'IREG capacity to meet new market demands, 
but high-volume THF fmm Biofine would eliminate sigdcant capital cost. 

Anew THF plant is normalty 20-25 millionpounds. This Capacity isjust under 10% of the domestic 
market, which fllggests that a large-scale Biofine plant might be designed to ofkt the need for at least 
one firture plant. Ckment production costs suggest a PTMEG producer might consider purchasing THF 
hm Biofine at $0.60/lby a price that should be well below their producton costs. Likewisey a 
penetmtion of 13% of the solvent market should be achievable because at $1 .OO per pound it would 
allow a reliable supplier and a price consideddy below the $1.50 solvent price - which is always tight. 

4.3.2 Delta Amino Levulinic Acid @ALA) 

piericultural M ark@ 

The a g r i c u l t u m l ~ l a c e  is always aleat for more efficient and environmentally iikndly pesticides. 
The marketing plan is for Biofine to establish stmtegic partnership(s) with major agricul~ chemical 
companies to develop herbicide and pesticide markets. 

- 

w 

Our market forecast is based on the value of the U.S. pesticide market being $600 d o n  at the 
producer level; 23% is herbicikY 73% is insecticide. 

The Department of Agciculm has published statistics on the treated acreage and the pounds of 
herbicide used by fifteen Midwestem and mid-centml states on corn and soybean crops in 1999. In 
com, 68 million acres used 154 million pounds of herbicide. Although Atrazine was the most popular 
material, the market was very fi-agmented, with over fbrty chemical compounds used by growers. 

In soybeans, total acreage was also 68 d o n ,  with 71 million pounds of herbicide used in that 
application. Glyphosate had the highest volume, but over thirty different chemical compounds were 
used. 

Market p e n d o n  for DALA could be achieved by marketing the product through existing agricultural 
wmpanies who would like to be on the cutting edge ofpesticide contml technologies. Our market 
estimate assumes a 10% penetration into corn and soybean crops with 1.5 pounds of DALA usedper 
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PBLP vol (MIbs) 
RpcluctName inzoo5 in20lO 
Levulinic Add 0 10 
FmicAdd 30 30 
DiphendiCAdd 300 320 
E t h y l h l i i  159 910 
Tetrahydrafuran - 40 
DALA - 23 
T U  489 ?J33 

acre at a price of $2.00 per pound One hundred thirty-nine million acres multqdied by 10% equals 14 
million acres times 1.5 pound per acre times $2.00 per pound equals $42 million 

Human Medicinal Mark@ 

Because of insufficient data and the immaturity of the ~mh, ANTARES has not forecast a 
pharmaceutical market for DALA. However, as noted earlier, the potential for this substance to safely 
treat certain types of cancer could be substantial. This high-value and growing market could become an 
incmsingly important part of Biofine's long-term marketing strategy. 

4.4 Market Penetration Summary 

Exhiiit 21 pmvides a summary of the market discussion presented above. Since the timing of market 
penetsaton is difficult to predict, potential annual market volumes are presented for two distinct time 
fkunes: 1) 2000-2005; and 2) 2006-2010. For lack of a better model, hea r  extrapolation could be 
used to estimate year-by-year penetmtion However, actual penetmtion will depend on specitic market 
volumes needed by customers and practical considemtions such as minimum dowadream chemical 
plant capacity requirements. 

EXHIBIT 21: Market Penetration Summary 

BDFlNEMARKETESlWlATES 

-W($IIb) 

$ 2.00 $ 0.54 
$ 0.22 $ 0.22 
$ 0.40 $ 0.41 
$ 0.14 $ 0.12 
$ - $ 0.70 
$ - $ 2.04 

I112005 In20lO 
salesRevenue($IvI) 
in2005 in2MO 

$ 0.5 $ 5.5 
$ 6.5 $ 6.5 

$ 22.8 $ 111.7 
$ - $ 28.0 
$ - $ 46.0 
$ 1498 $ 329.7 

$ 120.0 $ 132.0 
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u The results suggest that by 2010, Biofine biorefineries may be producing a mix of products 
worth over $300M in annual revenue. It is also apparent that reaching this goal will require 
focusing on the development of chemical markets. Approximately 2/3 of the market potential in 
2010 is derived from sales in this sector. While the energy sector may provide a launch pad for 
the first new plant, it is the chemical sector that will add value to Biofine projects and spark large 
scale deployment. 

5.0 CONCLUSIONS 

The markets for products derived from LA are very diverse, covering major sectors of the global 
economy. While this is most certainly a strength for the technology and Biofine, it does 
challenge Biofine to focus its early efforts to move toward deploying a larger, second plant. 

As a 
0 

0 

u 0 

0 

0 

0 

0 

0 

result of this effort, ANTARES has determined the following: 
Several chemicals appear to have market volume and price points that make exploring 
these markets and strategic partnerships with industry leaders (including international 
trading companies) a high priority. 
Profitable entry into the energy markets for LA derivatives will require substantial green 
market support and in some cases additional legislative action. Biofine should begin 
immediately to contact green energy marketing groups and discuss the potential for 
including headpower generated using Biofine products in their offerings. However, these 
efforts should be subordinated to an increased effort to target the chemical industry as a 
customer of LA derivatives. 
Biofine should query the IRS on the requirements to obtain a private ruling for receiving 
the ethanol tax credit on a prorata basis for the manufacture of ethyl levulinate 
Biofine must place a high priority on additional fuel testing to meet government 
regulations for key markets and to determine ways to resolve key technical issues. 
Biofine must begin the process of identifjing regulatory requirements for marketing a 
new pesticideherbicide as soon as possible. Lead times and testing may already push 
deployment of such a product into late this decade. 
Cost curves detailing the relationship of biorefinery size to production costs of LA and 
derivative products must be developed to determine optimal plant sizing for given 
markets. 
A detailed heat and energy balance for a combined cycle plant operating on ELF0 
blends should be performed using data collected from additional fuel testing. 
Biofine’s deployment plans for a 500 tpd facility must identifj energy markets that will 
value the “green” renewable nature of EL. 
The Northeast may offer price and market volume benefits that make this region 
especially attractive. The region is coincident with mandated renewable energy capacity, 
a substantial heating oil market that is forecasted to be in cyclical crisis, and a substantial 
supply of potential cellulosic resources. 
Texas and California may offer interesting siting opportunities for a biorefinery. 
By 2010, revenue from LA derivative products could reach over $300M/year 
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APPENDZXA 

Material Safety Data Sheets 
(1,4-Butanediol and 2-Methyltetrahydrofuran) 



L j  Technical Data Sheet 

January 1997 

U' 

Formula:. . . . . . . , . , . . . . . . QH1002 
Molecular Weight: . . . . . . . . . . . w1.1 
Product Number: . -. . . . . . . 598061 
CAS Rbgialry Number: . . . $1 663-4  

Chemical lntermedlates 



BASF Corporation 

i W i l t o r i d  Safety Data Sheet 

Page : 1 
Original Date: 05 /27 /1992  

Revision Date: 01129/2000 
BAYP CDRPOIWTION 

' 3000 CONTINENTAL DRIVE NORTH 

MOUNT OLIVE, NJ 07828 
( 9 7 3 )  426-4671 

EMERGENCY TELEFHCNE: (800) 4 2 4 - 3 3 0 0  CHEHTREC 
(800)  832-HELP [BASf  Hatlrnet 

EO'W NUMBERS ARE A V A I M L Z  DAYS, NIGHTS, WEEKENDS, & HOLIDAYS. 
SECTION 1 * PRODUCT INFORMATION 

_- 
1 , 4  BUTANEDIOL 
sroduct SI): Hfl ' i%Cdl 
Common Chemical Name: 

1,4-Bucanedial 
Synonyros : 

1,4-Butylene Glycol 
Molecular Formula I 

Chcrnieal Family: Glycol 
Molecular Wt .: 90.1 

HOCH i 2 1 CH ( 2  1 CH [ 2  CH .[ 2 1 GH Ld 

SECTION 2 - lNGREDIEPdTS 

Chemical Name : CAS Amount 
Butane d 1.01 . 110-63-4 100.0 % 

MAK WAK EXP. LIMIT ' m-A 50 PPM 
SECTSON 3 - FKYSICAL PROPERTIES 

Coior : Cniorlsss 
FormlAppearance: O i l y  Liquid 
Odor : Eearly odorfcaa 
Odor Intensity: Mane 

TypACEll  LoulWrgh U. 0 .  M. 
Specific Gravity: 1,015 
pH: f -  e su 

Typical tow/High Deg. 8 Pressure 
Boiling Pt: 229 C 1 ATMOSPHEREB 

Decomp. Tmp: ' NOT AVAILABLE 
Solubility m Water Descrlption: Miscible 
Vapor Tresoure : < t  MILLIBARS X 20 DEG. C XX 

Freezing Pt: .: 19 C 1 &TMosPm 

Vapor Density ( A i r  m I): 3 . 3  

'L, SEmIDPJ 4 - FIR5 CWD EXPLOSION DATA 

Typical tow/Hiigh Deg. Method 
Flaah Point:  134 C DIN 51 758 



Page ; 2 
SECTICN 4 - FIRE AND EXPLOSION DATA (cant) 

Typical L ~ W ~ H  iqh Deg. Method 
Actorgnition: 370 C NONE SPECIFIED 
Extingushizg Media: 

F: re Fighting Procedures : 
Use water fog, foam or dry chemical extinguishing media. 

Firefighters should be equipped w i t h  self-contained breathing 
apparatus and turn out gear. 

Bxploslon haaard is low when exposed tc heat  OX flames. Can react 
w i t h  oxidizing materials. 

Ucusual Hazards: 

SECTICN 5 - HEALTH EFFECTS 

Roukts of entrjj for solids and liquids include eye and skin 
contact, ingestion and inhalation. Routes of entry for gases 
iccludc lahalation a d  eye contact. 
of entry for l iqui f ied  gases. 

Skm contact may be a route 

Toxicology TeSC Data: 
Rat, Oral LD50 - 1500 XG/KG 
Moderately Toxic 

Slightly Toxic 
Rabbit, Primary S k i n  Lrritatian - 
Nonirritating 
Rabbit, Eye Irritation (unrinsed) - 
Nonirritating 
Rat, Inhalation Safety Screen, 4 hi- - 3 5.1 MGtL 
Moderately Toxic 
Scnsitlziny poleat ia l  - 
Not a sensitizer 
Arne6 Salmonella Assay - 
Negaerve {no mutagenic response) 

kcute Overexposure Effects: 
Contact with the  eyes and skin may result in alight irritation. 
If ingested, i,a-butanediol is a depressant. Symptoms of acute 
overexposure include deep narcosis, constriction of  pupil^, and 106s 
of reflexes. Damage ta the kidneys has also been reported after 
ingestion. 

There &re no known chronic effects associated with this material. 

Wash aLfected areas with soap and water. Remove and launder 
conraminattd clothing before reuse. ?f Irritation develops, 
get medical attention. 

Immediately rrnse eyes with ronni~g water for 15 minutes. If 
irritation develops, get medical attention. 

It swallowed, diluic with water m.d imediately induce vomiting. 
Never give fluids or induce vomiting if the victim ie uncanacioue bT 
having convulsions. Get immediate medical attentioa. 

Rat, D e r m a l  LD5D 1 > 2000 MG/XC 

Chronic Overexposure E f E e c t s :  

First A i d  Procedures - Skin: 

’ First ALd Procedures - Eyes: 

F i r s t  Aid Pzocedures - Ingestion: 
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SELTlON 5 - HEAtTH EFFECTS ("It) 
3 

First A i d  Procedures - Inhalation: w Wove to fresh a i r .  Aid in breatham. if necessary. and get 
immediate medical attention. 

None known I 

N o  data 13 available which addresses medical. conditions that are 
generally recognized as being aggravated by exposure to this product. 
Please refer to the effecrs of overexposure sect ion for &Eects 
observed in  animels. 

None 

Pirat Aid Procedures - Notes to Physicians: 
Firs t  A i d  Procedures - Zqgravated Medical Conditions: 

?irst Aid Procedures - special Precautions: 
SECTION 6 - RWCTXVTW DATA 

Stability Data: 
Stable 

Incompatability: 
Strong oxidizing agents. 

Conditionsfiiazards to A m i d :  
Avoid exposure to temperatures 2150 C. 

Hazardaue Decampofiiti(mfPo1iFerixation: 
FTAZARDOVS DECOMPOSITION PRODUCTS: Unstable when heated, can form 
flammable TIIF at 2150 C .  Other decomposition 
Polymerization: Does not occur. 

worrtx ive Properties z 

Not corrosive. 
Oxidizer Properties: 
Not an oxidizer 

SECTSOH 7 - PERSONAL 

products include C0,COX.  

PROTECTION 

Cloth I ng 7 

Glovee, covera l ls ,  apron, boots as aeceeaary to minimize contact. 
eyes : 

Chemical goggles; aLao w e a r  a face shield t f  splashing hazard exists.  
Reepkratxon: 

If vapor6 or m i s t s  are generated, wear B NXOSH/MSHA approved organic 
vapor/nist respirator o r  an air-supplied respirator aa appropriate. 

Ventilation: 
Uee local exhauat to control vapors/mises. 

Explosion Proofing: 
See Section 4 - Fzre and Explosion Daca, 

Other Personal Protection Data: 
Eyewash fountains and safety showers must be eas i ly  acceeeable. 
Shower a f t e r  handling. 

SECTION B - SPILL-LEAK/ENYIRONMENTAL 

General : 
Spills should be contained, solidified and placed Ln suitable 
containers for diaposal in  a licensed facility. This material i s  not 
regulated by RCRk or CERCLA ["Superfund0). Wear appropriaee 
rcsp:ratory protection and protective clothing and provide adequate 
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1,4 BUTANEDIDL 
NCI 598061 Page 

SEC1'lON 8 - SPrLL-LtlAK/MVIHONMeNTAT (Cant) 

ventilation during clean-up. 

Incinerate or bury in a licensed Eacility. Do not discharge into 
waterways or sewer systems without proper authority. 

Dispose o f  in a licemed facility. 
t o  prevent unauthorized reuse. 

Hhen product is properly discharged in low concentrations to 
biological waste water treatment plants it should not cause any 
dlaturbances in the degradation a c t i v i t y  of the activated sludge. 

Golden Drfe, atat ic  96 br LCSQ - D IO MG/L 
Ineignificant Hazard 
Elimination ( CECD 3QlAl - > 90 PERCENT 
Readily Biodegradahlo 
Daphnia magna, 48 hr static EC50 - > 500 tm/t 

waste Disposal: 

Container 3isposal: 
Recommend cnaghing or other means 

Other Spill/Leak Procedures: 

Environmental Toxicity Test Data; 

Practically Nontoxic 
Acute Aquatic Toxicity, 96 hr LCSO 
Practically Nontaxic 
Bacterial Toxicity, EClO (37 hrl - 
T'EST RATING NOT FCUM) 

SECT1014 9 

- > 500 MS/L 

3. io, o w  MG/L 

' STOKAGE AND HANDLING 

General : 

Other Storage and Handling Data; 
Keep containers closed. 

Consult other sections of t h i s  MSTIS for information on reactivity and 
flammability. 

SECTION 10 - REGULATORY INfoRpaTfOW 

TSCA Inventory Statue 
L i s t e d  on Inventory: YES 

PCRA Haz. Waste No - :  

cEncm: NO RepcxCablc Qty. : (IC YES] 
State Kcgulatory Information: IBy Component) NJ/PA/MA PTK 

CAS : 110- 63 - 4 NO 
NAME. Butanedial 

Hazard RatFngs: 
Health: F i r e :  Reactivity: special:  

HMIS 1 1 0 Nh 
NPPA 1 1 0 NA 

This prodilct is hazardous or contains components which are hazardous 
according to the OSHA Hazard Communication Standard. 

SECTION 11 - TRANSPORTAl'XON XHFORNATlON 

DOT Proper Shipping Name: 
N/A 



1,4 BUTAKEDfOL 
NCI 598061 Page : 5 

SECTICN 11 - 'TRAVSPCRTAT1C)N INFORMATION ICOnt) 

DOT Technical Name: 

DOT Primary Hazard CIas6; 

DOT Secmdary Hazard C l a s s :  

DOT Label Required: 

DOT Placard Required: 

DOT Poison Constituent: 

BASP Commodity Codes: Nk NA UN/NA Code: NONE E/R Guide: 
3511 crE Lading Description: 

N /k 

N/A 

N/A 

rr/A 

M/A 

N/A 

NOT REGULATED BY THE DEPARTMENT OF TRANSPORTATION 
CLASS : P. E. s€iIPP:NG XAMG: 

IATA: HONE 

HZMPOF.TANT: HHILE THE DRSCRZPTTONS, DESXGKS, DATA AND INFORMATXDN 
CONTAINED HEREIN ARE PRESENTED IN GOOD FAITH PSJD BELIEVED TO BE 
ACCURATE, IT IS PROVIDED FOR YOUR GETDANCE ONLY. BECAUSE MANY FACTORS 
MAY AFFECT PROCESSING OR APPLICATTON/USE, WB REMMF9END THAT YOU MAKE 
TESTS TO DETERMINE THE SUITABILITY OF A PRmUCT FOR YOUR P&RTXCI[JLAR 
PmPosE emm TO use. NO WARRANTIES OF ANY KIND, EXTHER EXPRESSED OR 
lMPLIED, INCLUDING WARRANTIES OF MERCXAMTABSIJT'Y OR FITNESS POR A 
PARTICULAR PURPOSE, ARE FADE REGARDING PRODUCTS OESCRIBEO OR DESlONS, 
DATA OR INFORMATION SET FORTH, OR THAT THE FXQDUCTS, DESIQNB, DATA 

OR INFORMATION MAY BE USED WlmOUT INFRINGING THE INTELLECTUAL 
PROPERTY RIGHTS OF OTHERS. IN NO CASE SHALL THE DESCRIPTIONS. 
INFORMATION, DATA OR DESIGPiS PROVIDED BE CONSIDERED A PART OF OUR 
TEP31S ANI> CONDITIOHS OF SALE, FL;RT"R, YOU EXPRESSLY VPQ13ERGTAEtb AND 
AGREE THAT THE DESCRIPTIONS, DESIGNS, DATA, RND XNFORf'4ATTON "IskED 
BY BASF HEXEUNDER ARE GIVEN GRATIS AND BASF ASSWMES NO OBLXGATXON OR 
LIABILITY FOR THE DESCRIPTION, DESIGNS, DATA AND INFOWATION GIVEN 
OR RESULTS OBTAINED, ALL SUCH BEING GIVEN AND ACCEPTED AT YOUR RISK". 



QO* 2-Methy1 tetrahydro far an 



CAS NO.: 96-47-9 

EMECS No. : 2025074 

C = ltem bc on COA. - --- 

Claims regarding the quality of QO@ as determined by the above referenced 
mc?hods muxt be suhmitted ta: QO Chemicals, Inc,, P.O. Box 2500, West 
Mayette, Indiana 47906, within IS &iys after rectipr of shipment. 
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Mderial Safety Data Sheet MFTHF 
Quick Identifier 

May bo used to COmpty wlth OSHA's H a z ~ r d  Communication Slondard, QCSO2-METHYLTETRAHYDROF URAN 
29CFR 1910 1200. Sbndard must be cocmrtted forspdfic rsqulrornenk Common Nome [used on &bel ond Eri) 

&ctbn I 
MQnUfOctumr'r N a m e  md Admess 

Penn Speciatty Chemicals, Inc. 
3324 Chelsea Avenue 
Memphis. TN 381 06 

1EineqpwcyfaGsphhne Wmbm 
ChernTrec: 8oM24-93W 
HAZARD INFOWTION SERVICES-2264635 
[mor brmrgency Mealcot Inkmation) 

!%a Produd lnfonnolon ond Other Calls: 

ffbctive; Nwembw 2.1999 
Pann a t y  Chtm Iccds. tne.:~?c320-4oOo 

P, w c -  Pbm?zCsrnhm X 1 OOX 

Section !I-Hazardous Ingredienhj Identity Information, 
ttozdour Compcmentb) Chenrirel L Cunmcn Narnld OSHA Pa ACGM nv as NO. 
2-MetRyltetrahydrofuran; Not ertabtished No? estublished 9647-9 
Furan, 2methytfetrahydro 

Solubilify in Water 
Appteciobie ( I  5 wf 46 oppro~.) 

A m n c e  onb Color 
Cleat, colartess to yellow. mobile liquid. 
Mildly Cmtating odor 

Auoldgnilion temper ah^^^ E~ngUkkrYGdia 
5 I8V. 27O'C Dry chemical, carbon dioxide, foam. 

Water may spread fie and be ineffectsve bscause of low flush 
point. 

Special Fire npnting Procedures 
Evucuutc contaminated area. 
Rdlghten shouta have eye profeetlon and wear self-contained 
fight fire from protected locatbn or madmum possible toccstian. 
Use water spray to cool containen exposed to fKe, 

U n w t  Rn ana brprosh m r  
Vapon are heavier than air and may travel to a m ~ ~ e  of ignitian unU flash back. Methyttetrotrvdroruron k Q 

dangerous fire ond explosian harord when emwed io igdtion murces. See section V below. 

Section V-Physical Hazards/Reuctivity Doto 
Slabdity Unrtoble concfftbru lo A d d  

apparohrs. 

Stable X Nomalty rtoble, Do not didill to dryness: may Contain peroWm. Wcl, if 
heated may become explosive. 

l~ompallbLllty (Matehals 10 A d d l  
Qxi c)izen I 

% J Z O ~ ~ Q U S  Dscompasitton PfwUcts 
Combustion produces carbon dioxide and carbon monoxide. 
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N0vWnt)er 2 , 1  ~ P P  Methyl fetrahydrofurun 

Section VI - Health Hazards 
Chemrco! WW cu Carcinogen Nohod loldcologl res IARC  omg graphs Ye5 Ostu Rcgu)otta Yes 
or PQfsntiol Carcinogan NQ x No X NO x 

Signs and Symptoms 
Urparwr 
Mild odor. 

u 

Acute OmexDgllure 
Strong odor, headoche. nausea, dadnesrr. dlsorieniatlon, draMinan, Irritation of eyes am skin. 

ChFOsliC OWfCXp05UfS 
No data available+ 
Emergency and First Aid Procedures for Overexposure - Obtain prompt medical attenfbn. 

Move to fresh ob. If necessary, restore ond suppod breathing. 

lvca 
lrnmediotely flush with water for 15 rnhutos while lifling eyeticfs and rol&ng eyer. 
Get immediate medico! attention. 

Imlation 

Skin 
Wash promptly wiih mop and water. 

lrlgcmon 
Get medical help. If conscious and medical he10 not ready ovdlo$re, eJve water. 

b/ Section VI1 - Special Precautions and Spllllleak Procedures 
hFjCOUfht h b b k M  h Handling Ond SkWlQe 
Outside or detached s)amgs i s  preferred. Inside storaw sh#utd lse in 0 standard tlcunde liquids staeoge 
warehouse. morn oc cabinet Ah#cty9 QrOUnU mntcrinerr and piplng when fKd8nfng. 

Other P r e c c r u l i t  
Stwe under nitrogen to reduce fire hazard and fcx product quality. 
A v ~ d  skin contact, Keep contoiners tightly closed. No mking or eating in handling urea. 

Stern ?Q bo token in case Mobfid is  Released ar Spilled 
kvacuote unprotected personnel. Shut off SOUTCM of ignition Pick up spill on zmd. earth OT Oj&F 
noncombustible, absorbent rnoterlal. Place in covered confaher tor dispOSOl. 
Rush art0 with water to remove lasi traces, 

Waste tNp0401 Methods {ConrvO feckd. Soto. ana LOCUI R ~ ~ a f t o n ~  
Dhpose of as on ignitable waste in accord with raaulatiow. 

Rsrpifabry Protechon m f d  
Section V!II - Specfa1 Protecii6n and Control Measures 

NtOSH approved q u n k  vopar ab purtlyfng respkftor. 
Explosion proof ventilation and local exhaust required. 

w& Hypknic Roctices 
Avoid direct contact With 2-Methyt)etrohydrofwan. Wasb thoroughly &€?r handhg. 
Dunmod Information; 
DOT: Mef~&ahy&ofuran, 3, UN2536. PG It. 
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Chemical Industry Services, Inc. 
2707 Stemwell Boulevard, Richmond, VA 23236 Tel: (804) 745-4565 

e-mail: rcbilski@rcn.com 

i 
Fa: (804) 745-6877 

Levulinic Acid Derivatives 

Levulinic Acid (LA) can be produced cost effectively at very low costs, in large volumes 
and in high yields from renewable feedstocks by a new industrial process. The 
technology is being demonstrated and validated on a one ton/day scale at a facility in 
Glens Falls, NY. The biorefinery concept is to use a base load volume to produce 
materials for fuel applications, which is the lowest-value use, and to use a significant 
percentage of the LA for the production of much higher-value-added chemicals. This 
strategy is not unlike the concept used by the petroleum industry to manufacture a wide 
range of products from crude petroleum, including fuels and petrochemicals. 

LA has been frequently discussed by researchers as a desirable building block (platform 
chemical) for the production of other chemicals. However, its availability (one million 
pounddyear) and high cost ($4.00 - $6.00/lb) simply did not make its use viable for 
most applications. LA is a versatile chemical in that its C5 linear configuration, and 
activity at the acid and ketone sites allow a wide range of chemical reactions. 

The criteria for selecting the targeted chemical derivatives were: 
Large existing or potential markets 
Commercially viable synthesis from LA 
Known or technically viable processes 
High yields 
Marketable secondary or by-products 
Low production cost for multi-million pound volumes 
Site compatibility with LA plant 
High-value-added derivatives 
Domestic and foreign markets 
Commercial entry through existing suppliers 
Ease of market entry 
Growth markets 
High profit margins 

Some of the LA derivatives that were identified that met most of the selection criteria are 
listed below: 

8 LA (itself) 
8 Methyl THF 

THF 
8 1,4 BDO 

DPA 
D A M  . Succinic Acid 

8 Ethyl Levulinate . Acetoacrylic acid 
u 
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i = Angelicalactone . Valerolactone . Formic Acid (LA co-product) 

Phase 1 (Near-term) targeted derivatives 
Levulinic Acid (LA) 
The current market for LA is one million pounds annually with a selling price of $4.00 - 
$6.00 per pound. Although LA is frequently identified by researchers as a desirable 
building block, its price and availability have not allowed for any high- volume 
commercial products. With prices of under $0.25 per pound, which is lower than many 
of the current petrochemical building blocks, LA should stimulate a lot of technical and 
commercial interest. 

Our market forecast has 25% of the current users purchasing LA from PBLP to qualify a 
domestic supply at $2 per pound. 

Additionally, we forecast 1 OMM pounds at up to $0.50/lb for sales to companies who 
would develop their own higher-value-added uses for LA. 

Formic Acid (FA) 
The Biofine process produces one pound of FA for every 2.5 pounds of LA in an 
aqueous solution. This material can be recovered as FA or as a formic acid salt. There 
is a USA market for 60 million pounds of FA at approximately $0.45/lb. and we assume 
that current producers would purchase 30 million from PBLP at $0.22/lb to keep the new 
production within their control. 

u 
Excess FA coming out of LA plants could be concentrated and used at the plant as fuel. 

Diphenolic Acid (DPA) 
PBCP plans to promote DPA as a replacement for bisphenol A (BPA) in the production 
of poly&rbonate resins and epoxy resins. DPA was used in this application but 
because of its cost and availability lost the market to BPA. 

The current capacity for BPA in the United States is 2 billion pounds with four 
producers. Research funded at Rensselaer Polytechnic Institute (RPI) 
shows that DPA can be a cost effective substitute for DPA in polycarbonate and 
polyester resins. Also, the work shows that interesting properties can be obtained in the 
resins with low-level addition of DPA as a polymer modifier. This should allow for a 
premium price for DPA. 

Our market forecast shows a 15% penetration (300 million pounds) as a BPA substitute 
at $0.40/lb which we believe is $0.20 below BPA cost. We also show a 20 million- 
pound-market as a polymer additive in resins and coatings at $0.60/lb. 

Ethvl levulinate (EL) 
PBLP will be producing hundreds of millions of pounds of EL for fuel applications at a 
cost well under $0.25 per pound. Several LA esters are currently produced by small k, 



specialty chemical companies and sold into high-value- added markets such as flavor 
and fragrance. Prices are generally over $1 O.OO/pound. 

w 
The chemical industry is looking for new, low-cost products to replace conventional high 
VOC solvents that are flammable, toxic, irritating and environmentally undesirable. 

EL may be an excellent candidate as a solvent in the food, electronic, low-VOC, 
degreasing, printing ink, etc applications. 

A West Coast company has an ongoing project that involves a process for EL synthesis 
from LA and EL application studies. 

Our market forecast shows new applications for EL as a commercial solvent at 30 
million pounds and a price of $0.50 for the early market volumes. This is at 30% of the 
current price for THF and NMP. It is also favorably priced against DMSO, ethyl acetate 
and dibutyl ether. 

Phase 2 (lonser term) tarqeted derivatives 
Tetrahydrofuran (THF) 
THF, which is a four-carbon cyclic ether, is produced in the USA by four or five 
manufacturers who use a variety of processes. The annual volume is 300 million 
pounds. About 75% is used to produce polytetramethylene ether glycol (PTMEG) and 
25% as a specialty solvent. The PTMEG market continues to grow globally and it is 
expected additional THF will be required. The current solvent price for THF is $1.50 per 
pound, a price under upward pressure from the producers’ internal use for PTMEG. The 
cost of THF is estimated at $0.80/lb. 

w 

THF available in high volumes and at low cost would be very attractive to PTMEG 
producers. They normally have to expand both THF and PTMEG capacity but high- 
volume THF from PBLP would eliminate a significant amount of capital cost. 

Our marketing forecast is based on the premise that a new THF plant is normally 20-25 
million pounds. PBLP would build a 40-million-pound plant with 30 million sold to a 
PTMEG producer at $0.60/lb and 10 million pounds sold into the solvent market at a 
stable price of $1 .OO per pound. 

Delta Amino Levulinic Acid (DALA) 
The agricultural market place is always on the alert for more efficient and 
environmentally friendly pesticides. A new process for delta amino levulinic acid 
(DALA), a broad spectrum herbicide and insecticide made from LA, has been 
developed. Each step in the new process provides high yields (over 80%) and high 
purity (over 90%) providing a commercially viable process. DALA is highly effective and 

The marketing plan is for PBLP to establish strategic partnership(s) with major 
agricultural chemical companies to develop herbicide and pesticide markets. 

quickly biodegradable. 1 

k, 



Our market forecast is based on the value of the USA pesticide market being 
$600,000,000 at the producer level; 23% is herbicide; 73% is insecticide. 

u 
The Department of Agriculture has published statistics on the number of acres and the 
pounds of herbicide used by fifteen (1 5) Mid-Western and mid-central states on corn 
and soybean crops in 1999. In corn, 68 million acres used 154 million pounds of 
herbicide. Although Atrazine was the most popular product, the market was very 
fragmented, with over forty (40) chemical compounds used by growers. 

In soybeans 68 million acres was also planted, with 71 million pounds of herbicide used 
in that application. Glyphosate had the highest volume but over thirty (30) different 
chemical compounds were used. 

Our market estimate assumes a 10% penetration into the corn and soybean crops with 
one-and-a-half pounds of DALA used per acre at a price of $2.00 per pound. 139 
million acres X 10% equals 14 million acres times 1.5 pounds per acre times $2.00 per 
pound equals $42 million. 

Aceto acrvlic Acid (AAA) 
In the production of delta amino levulinic acid (DALA), LBLP would produce one mole of 
AAA per mole of DAM. 

0 
c-c-c=c-c' 

\ I  'OH 
0 

LJ 
This compound looks very similar to LA, except for the double bond between carbon 2 
and 3, and may be an attractive platform chemical for AAA derivatives. 

No work has been done on identifying high-value uses for AAA. However, it should not 
present a disposal problem since it is likely that AAA can be hydrogenated, a very 
common chemical procedure, into crude LA and returned to a LA production plant for 
purification into virgin LA 

In our market forecast we would give it a value of $0.10 per pound. 



Chemical Industry Services, Inc. 
2707 Stemwell Boulevard, Richmond, VA 23236 Tel: (804) 7454565 

e-&: rcbilski@rcn.com 

Ld 
Fa: (804) 745-6877 

January 29,2001 

Rationale for Market Penetration Numbers 
LA Chemical Derivatives 

Overview: 
In developing the market penetration percentages for the seven (7) targeted (chosen) 
derivatives, several concepts were considered and used in our work. The first was that 
the amount of LA needed to make the chemicals could be obtained by taking half the 
plant capacity of one or two PBLP plants, leaving the other half for use in the fuels 
markets. This would allow the plants to produce LA at a low unit cost and place half the 
volume in high-value chemicals. 

The other major concept was to choose volumes that would allow our customers to use 
PBLP chemicals and avoid or delay expansions of their own plants by using the PBLP 
materials to grow their business. 

Also, because of PBLPs low cost for LA and derivatives, we were able to price our 
products below our customer's costs, making it an easy make-or-buy decision. bi 
Individual Products: 

- LA 
Existing market is small (under 1 million pounds) and supplied by a European 
manufacturer who requires long lead times. We believe that 25% of the customers 
would qualify and support a U.S. producer at a selling price of $2.00 per pound versus 
$4 to $5 per pound. The other 75% make such high value derivatives from the LA that 
they would likely be indifferent to the savings. 

Ten million pounds for new uses is a conservative number based on reports from 
researchers as to the versatility of low-cost LA as a new feedstock. 

- FA 
The current market is 60 million pounds. PBLP co-produces FA with LA and needs to 
sell it, even at a low cost, to avoid using it as a fuel at the LA plant. We believe that 
PBLP can move up to 50% of the market at $0.20 per pound to the current producers 
and avoid being a disruptive factor in the market. 

- DPA 
The 2-billion-pound market for BPA continues to grow. Since the principal end-uses are 
low-cost, high-volume plastics like polyesters and polycarbonates, PBLP should be able 
to sell 300MM Ib. (a 15% penetration) to allow a BPA producer to test DPA in polymers LJ 
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and defer building another BPA expansion. They should find $0.40/lb. considerably 
below their cost of around $0.60 per pound. 

-c/ 

Work funded by PBLP shows that some interesting polymer properties can be obtained 
by adding DPA to certain BPA formulations. This should allow PBLP to sell about 
20MM pounds as an additive with price of $0.60 a pound. 

EL as a Solvent 
The solvent market is huge, with all companies looking for new solvents that give better 
performance, lower VOCs and biodegradability. We have not done a lot of work in this 
application but recently learned of a West Coast company who is very bullish on LA 
esters. Thirty million pounds is likely to be a conservative estimate of under 5% 
penetration. 

- THF 
About 75% of the THF produced goes into the production of PTMEG. At a 10% 
penetration (30 million pounds) PBLP can offer THF at a price of $0.60 per pound. This 
should be below any producer's cost and allow them to avoid building a 
THF plant when they need to add PTMEG capacity. 

The solvent market penetration of 13% is achievable because at $1 .OO per pound it 
would allow a reliable supplier and a price considerably below the $1.50 solvent price - 
which is always tight. 

DALA 
The corn and soybean markets are served by over seventy (70) different compounds, 
many of which are under attack by the EPA for toxicity, environmental pollution and 
questionable effectiveness. A new herbicide compound, working by a unique 
mechanism, as DALA does in killing weeds, and rapidly biodegrading, should be an AG 
Conventions star attraction. The 10% market penetration would be achieved by 
marketing the product through existing AG companies who would like to be on the 
cutting edge with this technology. 

Raymond J. Bilski 
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CONTINUOUS LVAC YIELD-ACROSS R-101, R-102 
DATE: 
DATE OF RUN: 
RUN DESIGNATION 
FEED TYPE AND SOURCE: 
COMPILED BY: 

Process flow 
Feed solids 

Feed rate 
% solids 
% cellulose (dry basis) 

. P-101 feed rate 

Total cellulose in 
Total potential LVAC in 
LVAC mnc from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid flowrate 

LVAC composition 
Total LVAC out 

Yield 
LVAC produWfiber in 

CNde LVAC composition 

9130197 
911 1/97 
09 1197-1 
SWPulP 
cs 

Corn positionMow 

10#/hr I 

94.0% 
92.0% 
2.05 gpm 

3.9 kg/hr 
2.8 kg/hr 

1.5 
3.19 g/L 

2.30 gpm 
534 Uhr 
6.76 g/L 
3.61 kglhr 

53.2% 

476 gtL 

Notes 



CONTINUOUS LVAC YIELD ACROSS R-101, R-102 
DATE: 
DATE OF RUN. 
RUN DESIGNATION: 
FEED TYPE AM) SOURCE: 
COMPILED BY: 

Process flow 
Feed solids 

Feed rate 
% solids 
% cellulose (dry basis) 
P-101 feed rate 

Total cellulose in 
Total potential LVAC in 
LVAC wnc from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid flowrate 

LVAC composition 
Total LVAC out 

kpi Yield 
LVAC producecUfiber in 

Crude LVAC composition 

9130197 
9/16/97 
091597-2 

cs 
SWK PdP 

Compositionlflow 

25 #/hr 
94.0% 
92.0% 
2.20 gprn 

9.8 kglhr 
7.0 kgihr 

1.17 glL 
0.6 

2.46 gprn 
573 Lfhr 
8.3 g/L 

4.75 kghr 

42.4% 

510 g/L 

Notes 



CONTINUOUS LVAC YlELD ACROSS R-101, R-102 
DATE: 
DA'IE OF RUN: 
RUN DESIGNATION: 
FEED TYPE AND SOURCE: 
COMPILED B Y  

Process flow 
Feed solids 

Feed rate 
% solids 
% cellulose (dry basis) 
P-101 feed rate 

Total cellulose in 
Total potential LVAC in 
LVAC conc from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid flowrate 

LVAC com position 
Total WAC out 

Yield 
LVAC produced/fiber in 

Crude LVAC composition 

9130197 
9/18/97 
09 1597-3 

cs 
SwK PdP 

CompositioMlow 

20 #lhr 
94.0% 
92.0% 
2.35 gpm 

7.8 kglhr 
5.6 kglhr 

0.2 
0.31 glL 

2.63 gpm 
612 Uhr 

7 g k  
4.28 kglhr 

52.6% 

403 gR 

Notes 



C0N"UOUS LVAC YIELD ACROSS R-101, R-102 
DATE: 
DATE OF RUN: 
RUN DESIGNATION 
FEED TYPE AND SOURCE: 
COMPILED B Y  

Process flow 
Feed solids 

Feed rate 
% solids 
% cellulose (dry basis) 
P-101 feed rate 

Total cellulose in 
Total potential LVAC in 
LVAC wnc from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid flowrate 

LVAC composition 
Total LVAC out 

w Yield 
LVAC produced/fiber in 

Crude LVAC composition 

9130197 
9/23/97 
092297-1 

cs 
SWK PdP 

Composition/flow 

20 #hr 
94.0% 
92.0% 
2.30 gpm 

7.8 kghr 
5.6 kghr 

0.4 
0.72 g/L 

2.58 gpm 
599 L(hr 
6.22 glL 
3.73 kghr 

42.6% 

750 glL 

Notes 

1 



CONTINUOUS LVAC YIELD ACROSS R-101, R-102 
DATE: 9130197 
DATE OF RUN: 9/23/97 
RUN DESIGNATION: 092297-2 
FEZD TYPE AND SOURCE: SWK PdP 

cs COMPILED B Y  

Process flow CompositionMow 
Feed solids 

Feed rate 20 #/hr 
% solids 94.0% 
% cellulose (dry basis) 92.0% 
P-101 feed rate 2.30 gpm 

Total cellulose in 7.8 kghr 
Total potential LVAC in 5.6 kg/hr 
LVAC conc from recycle acid 
LVAC in from recycle acid 0.7 

Hydrolysate discharge to CF-201 

1.23 giL 

Total liquid flowrate 2.58 gpm 

LVAC composition 
Total LVAC out 

599 Uhr 
7.82 glL 
4.68 kghr 

Yield 
LVAC produced/fiber in 51 3% 

Crude LVAC composition 718 g L  

Notes 



CONTINUOUS LVAC YIELD ACROSS R-101, R-102 w DATE: 
DATE OF RUN: 
RUN DESIGNATION: 
FEED TYPE AND SOURCE: 
COMPILED BY: 

Process tlow 
Feed solids 

Feed rate 
% solids 
% cellulose (dry basis) 
P-101 feed rate 

Total cellulose in 
Total potential LVAC in 
LVAC cone from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid fiowrate 

LVAC composition 
Total LVAC out 

&,&’ Yield 
LVAC produced/fiber in 

Crude LVAC composition 

9/30/97 
9123197 
092297-3 
SWpulP 
cs 

Composition/flow 

20 #lhr 
94.0% 
92.0% 

2.30 gpm 

7.8 kg/hr 
5.6 kglhr 

0.45 g/L 
0.2 

2.58 gpm 
599 L/W 
5.55 g/L 
3.32 kgthr 

39.3% 

718 g/L 

Notes 



C O " U 0 U S  LVAC YIELD ACROSS R-101, R-102 
DATE: 9130197 
DATE OF RUN: 9/23/97 
RUN DESIGNATION: 092297-4 
FEED TYPE AND SOURCE: 
COMPILED BY: cs 

SWK Pulp 

Process flow Compositionlflow 
Feed solids 

Feed rate 20 #/hr 
% solids 94.0% 

P-101 feed rate 2.35 gpm 
% cellulose (dry basis) 92.0% 

Total cellulose in 7.8 k g h  
Total potential LVAC in 5.6 kg/hr 
LVAC wnc from recycle acid 
LVAC in from recycle acid 0.5 

0.87 glL 

Hydrolysate discharge to CF-201 
Total liquid flowrate 2.63 gpm 

612 Uhr 

Total LVAC out 3.36 kg/hr 
LVAC composition 5.49 gn 

&j Yield 
LVAC produced/fiber in 36.8% 

Crude LVAC composition 718 g/L 

Notes 



C0N"UOUS LVAC YJELD ACROSS R-101, R-102 
DATE: 
DATE OF RUN: 
RUN DESIGNATION: 
FEED " P E  AND SOURCE: 
COMPILED BY: 

Process flow 
Feed solids 

Feed rate 
% solids 
Oh cellulose (dry basis) 
P-101 feed rate 

Total cellulose in * 

Total potential LVAC in 
LVAC wnc from recycle acid 
LVAC in from recycle acid 

Hydrolysate discharge to CF-201 
Total liquid flowrate 

LVAC composition 
Total LVAC out 

Yield 
LVAC produced/fiber in 

Crude LVAC composition 

9/30/97 
9/23/97 
092297-5 

cs 
SWK PdP 

Composition/flow 

16 #Jhr 
94.0% 
92.0% 

1.85 gpm 

6.3 kghr 
4.5 kg/hr 

1.49 g/L 
0.6 

2.07 gpm 
482 Uhr 
6.6 g/L 
3.18 kg/hr 

40.5% 

718 g/L 

Notes 



LVAC PRODUCTION RUN SUMMARY 

Process losses 
Condensate 
Catdhge tar 
Acid stripper discharge 
WFEtaK 

DATE: 5mm- 
DATE OF RUN: 

FEED TYPE AND SOURCE: 0 

oqo’\%#42SBL through 5/14/98 w RUN DESIGNATION 020298a 

Bags Pounds % Dry Cellulose Cellullose 
Fed Moisture WeightObs) a m p .  (%) Weight(lbs) - 780.4 2070.0 35.0% 1345.5 58.0% 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 ~ 

w Totals LVAC make (pounds) 0 
Yield lb LVACflb fiber O.oo/o 

Acid stripper waste discharge (gpm),,, 
hours discharged 

* 

Liquid Effluent (gallons) - 
LP steam use (pounds) 20,000 

Power use kW.hrs 10,000 

COMMENTS: 

P- 102 rotor was replaced due to wear. 
FT-121 electrodes replaced. 
Centrifbge feed tube broke due to CF-201 vibration and was replaced. 
Replace bearings and reassemble (2-301. 
PI-0 1 19 gasket leak repaired. 

(Significant non-routine activity, un-planned maintenance 
planned maintenance, etc.) 

02-02-98 Drelim 



c IT 
R-101, R-102, T-102, CF-201 mass balance 

Condensate 
To waste 

From C-410 

Steam to R-101 

Solids to T-101 
Flowrate, #/hr 538.2 

Flowrate, #lhr 80 
Cellulose 58% 
Ash 8% 
% solids 65% 

Date of Run: 02-Feb-98 
Run ID: 020298a 
Sample description o 0:OO 

R-101 R-IO2 
Pressure@sig) 380 200 
Temp. 0 428 394 
Residencetime 12 30 

(sec.) (min.) 

Reactor yield 55.2% LVAC of stoichiometrio 
39.5% LVAC/Cellulose (W%) 



c c 

Elcmcnt ID 

m 001 
AIc-0102 
FIQC-0103 

LIc-0104 
w-0105 
SIC-0115 

PID-602 
TIC420 1 
PIG0202 
LIC-0205 
PIG0208 

TIC4212 
LIC4215 
Pmoo3 
LIc-0301 
TIC4312 
LIG0324 
FIc-0344 
PID-004 
LIcO405 
FIG0702 

nco409 
PID-ooa 
LIc-0601 
TIc-0612 
LIC-0624 
FlC-0630 
FIc-0633 

FlC-0641 
PID-007 
IdC-0703 
PIC4710 

Manager Run sheet 
Date: 
Senior operata: 
Run ID#: 

Dgcriplion 

Rext8nt Blending md wood Feed 
Rcoydo acid a pH control 
Solidi flow cartrolhr for the rolida f d m g  sy&tn, VP-101: 
Ratio of#Solids # -le acid 

Indication and totrlizatim only (hrL w/W-101). 
The lpccd conbol fa P-101 to wt ilmy flownta Set %to nuWi FT-121. 
Fr-121 
R e d i a  
R-101 tmnpcntma CarhOL 
R-101 prcssurc conhd 
R-102 l ~ ~ ~ l c o n t m l .  

Lcvcl c~mtrol in T-101. 

Cascade controlla for 8 Iclf-re@lathg loop tlut mhhm R-IO2 pfcsnao. 
IhocaarollarrceivaaK(poin(hTIcO212 
R-102 taaptnture contmllocp, p w i d a  crmdcd set point to PIC-208. 
Levcl conttol in HE-101. 
W i s  Removal 
Lrvct Mltrol tr T-102 
Hydmlymte tanparturc control 
T-201 ICVC~ control. 
G a d e  flow ~mtroll~r letting flow to C-301. 
sdvont Extr8ction 
T-301 k l  -I, +da c g ~ r d c  flow wt point to F I W 0 2  
Flowcontroltheflowof~tothcrolvnnrtrippn: 
The ad point for us loop b gcamkd fran LIGo405. 
Tcmpcnhar contml for ihc recycle hll"F to G301. 
Acid Stripper 
Lcvcl controt in (310. 
Recycle acid cooler. 
T-415 interface level conhl tohx'A)41. 
MTHF flow control to C-301. Ratid fhm FIc-0344. (gpn MIHF/gpn Hyd.) 
Flow cmtrol loop fa Steam to HE40. 

ReflllcJfcrdfloacontrdlato~1O,cMuda.ctpointfmnLIc-415. 
Crude LA MTHF Stripping 
Lcvcl CQntml in c-5 10. 
PreMUe control loop fa tho hll"P vacuum system 

This loop kbrd Cm 8 p0hhFIC-0641. 

. . .. 

set points NOtW 
Dosign Thirnm Allow.rgo 

NOM Rcm8kasctfornm 3.0% H 2 S O 4  150 ps/cm 
Intrudw lolido onw r a o t a  ryrtcm rppoachca operating conditions. 

0.15 0-0.1 lOO#IhrKC,oncertthaMlcquilibrium. 
30" 15-35 

2.3 Bpn\ Nmc. Minhnm 8llowable "ing = 10% 12 IICC. Rm. time 

428 F Conbullcd fiom Hon~ywcll UM: ccmhllcr, don't adjust manually. 
MpOi Nom. Contmllcd fmn Hoa3eywclI uM= controller, don't adjust manually. 

36" NonC. 30 mia m. time 

Norpo. 

B W i q  dhc p-olslrs = 150 pig  
210 p ig  None. 
392 F 

15" fu rcquimd to nuintiin PIG208 

30" 
100 F NOM. 
12" OnloffCOntrol 

20" 
100 F 
18" 

R8tm 
Ratio 

15-loa 

NOnC. 

20 - 30 
NonO. 

10 - 25 
None. 
40-60 

40-60 
150 - 200 



c 
FIG0720 
LXC-0722 
TIC4724 

FIG0746 

LIc-0860 
FIco861 

pmooa 

T1Go862 

UFD 071 
AIC-7 102 
AIC-7103 

Steam dripper coatmllss, thir flow io I r l m  to T'IC-0724. 

MTHF a t r i p  bottan'a tanparhas control, 
Provided ermxdcd wt point to LIGo720. * 

SIM flow Caamller to HE-510, crcrdcd flow cantrol .fmm FIG0702 
Finishing (Air dripping and wiped film mpontlon) 

Crude LVAC flow control loop FIC4861 
Rcceivcr -de d point changol6amL1c0860. 
Air stripper inlet air tempenha0 
Chiller tempcram retpoint 
Cdlectlaa & Wute Neutrnlization system 
First r t . g a p H ~ l i z a t i o h  
S d  d.gc pH ncatnliutia 
Efflund Wr at rtrd ofnm (circle). 

Ml"F l ~ l  control in T-5 10. 

Levo1 ooatml VII T-550, m d g  flow ad point to FIGo861. 

250 F 180 - 220 
controlled 

10" 2-20 

0.15 g p  Gontrollcd 
300 F NonC. 
60F 55 - 70 Set m field at chillor 



LVAC PRODUCTION RUN SUMMARY 
DATE: 2/16/98 
DATE OR' RUN: 2/9/98 through 2/12/98 " RUN DESIGNATION 020998ABCD 
FEED TYPE A N D  SOURCE: Dry paper mill sludge ex-KC/HF 
COMPILED B Y  cs 

Bags Pounds % Dry cellulose cellullose 
Fed Moisture Weight(lbs) Comp. (%) Weight(lbs) 

12 4,520 35.0% 2938 58.0% 1704 

'c Totals LVAC make (pounds) 760 
Yield Ib LVACAb cellulose 44.6% 

P 

Acid stripper waste discharge (lb/hr)a,,- 598 
hours discharged 50 

Liquid Effluent (gallons) 3,600 
LP steam use (pounds) 26,900 

Power use KW.brs 15,000 

COMMENTS: (Significant non-routine activity, un-planned maintenance 
planned maintenance, etc.) 

Excessive loss of LVAC through acid stripper due to solids in extractor, 
extractor maintenance performed after run. 
Input calculations are estimated averages to be confirmed with lab analysis 
Significant variations in feed composition noted through bags and between bags 
Pumping aid added during run 
Operating software to be changed to ensure consistent solvent flow to extraction 

Run Summary 02-09 - 12 to Fitz rev 1 



CONTINUOUS LVAC YIELD ACROSS R-101, R-102 
DATE: 2/16/97 
DATE OF RUN: 2/9/97 
RUN DESIGNATION: 020997D 
FEED TYPE AND SOURCE KCBB 
COMPILED BY: cs 

Process flow Composition/flow 
Feed solids 

Feed rate 80 #/hr 
% solids 65.0% 
% cellulose (dry basis) 58.0% 
P-101 feed rate 2.50 gpm 

Total cellulose in 13.7 kglhr 
Total potential LVAC in 9-7 kghr 

0.0 
LVAC wnc from recycle acid 
LVAC in from recycle acid 

0.00 gR 

Hydrolysate discharge to C-301 
Total liquid flowrate 0.42 gpm 

98 Uhr 

Total LVAC out 5.79 kg/hr 
LVAC composition 59.3 gR 

Yield 
LVAC produced/fiber in 42% 

Crude LVAC composition 750 gA 

Notes 



BioMetics, In c. 
Mem oraizdum 

Reactor rate % Reactor system Solids reoaration 
R-1OlIR-102 T-102CF-201 

Solids in 

Internal recycle 

- 

TO: SWF 
COPY: HG 
DATE: March 4,1998 
FROM: Colin South 
SUBJECT: Preliminary steady state reactor yield, plant run 02/09/98 - 02/13/98 

Net outflow L 
Composition X ,  
(flow from solids r e m a l  
indusdas solis and 
Waritied hvdrolvsate) 

Steve: 
In addition ot the overall inpudoutput mass balance reported on the standard plant reporting data sheet the LVAC 
yield across R-101/102 has been calculated using continuous steady state data.. The configuration of the reactor 
system is as shown: 

1 

Process flow Calculation 

Rate of cellulose in 

Rate of potential LVAC in 

Rate of LVAC out 

LVAC yield (% of cellulose feed) 

LVAC yield (% of stoichiometric) 

Rate of solids addition (kg/hr) x %solids x % cellulose 

Rate of cellulose in x stoichiometic constant (MW LVAC/ Mw 
cellulose monomer) 

Q,, (L/hr) x LVAC composition (a) 
LVAC oudrate of cellulose in 

LVAC out/ratc of potential LVAC in 

The balance across the reactors in the current confi-pration is calculated fiom a continuous balance as follows: 

Page 1 of 2 



The latest run of 02/23 had the following steady state compositions: 

Hydrolysate 
discharge to CF-20 1 

Process flow I Composi tiodflow 

Total liquid flowrate(L/hr) = 110.7 L/hr (0.48 gpm) 
LVAC composition (@)= 65 g/L. 

Total LVAC out (kg/hr) = 7.2 kg/hr 

~ ~ ~~ 

Feed solids 
~~ ~ ~~ 

Feed rate(k-$hr) = 80#/hr KCBB 
% solids = 50% 
% cellulose (dry basis) = 80% 

Total cellulose in (kg/kr) = 14.5 kg/hr 
Total potential LVAC in (kg/hr) = 10.3 

Notes 

Calculated fiom water and 
steam inflows. Steady state 
composition is to be confirmed. 

Yields LVAC oudfiber in = 49.6% I 

CS March 4,1998 
G:\FILES\DOCS\096-DOED~TA\Run spreadsheets98 - 02 (Feb)\reactor yield 0209d.d 

Page 2 of 2 
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Element ID 

PID W1 
AIC-0102 
FIQGOlO3 

LIC-0104 
w1-0105 
SIC-0II5 

PID-002 
TlC-0201 
PIC-0202 
LIC-0205 
PIC-0208 

TIC-0212 
LIC-0ZIS 
PlD-003 
LIC-0301 
TIC-0312 
LIc-0324 
FIC-0344 
PID-aQ4 
LIC-0405 
FIC-0702 

TIC-0409 
PID-006 
LIC-WI 

LIC-0614 
FIC-0630 
Flc.0633 

FIC-064 I 
PID-007 
uc-0703 
PIC07 IO 
FIC-0720 
LIC-0722 
TIC4724 

FIC4746 
PID 001 
LIC-0860 
FIC-0861 

TIC4862 

11FD 071 
AIC-7102 
AIC-7103 

nc-0612 

Mrnager Run sheet 
Daw cNw/qq 
Senior operator. &fi 
hmlD# opo~le idA .  

Description 

Reactnnt Bkndii; and \Vood Feed 
Rcsyde add a pH caaud 
solids flow controller fbr the solids focdng system. VP-101: 
Rntio of #Solids X recycle acid 
Level control in T-101. 
lndicalion and totdiution only (ind w/ VP-101) 
Thespeed control for P-IO1 to set sluny flmvnta SetY*to h a i n  &imdFI-121. 
FT-I21 
Reaction 
R-101 tenipmfure control 
R-IO1 prrnurecci~tml. 
R-102 level CDntml 
Cucnde controller f o ~  i self-regulating loop that mdnfainr R-102 pramre. 
The controller receives a set point fromTIC-0212 
R-102 temperature control bop. provides cascaded yt point m PIC-208 
Levd control in HE-101. 
Solids Removal 
Level control in T-10.2. 
Hydrolysate tempmfurc conlrol 
T-201 levd mnd. 
Cascnde flow controller wrting flow to C-301. 
Solrmt Extraction 
T-30 I Ievd mntml. pmvides cascde flav set point to FIC-0702. 
Flow contml he flow of h4"F to die rolvcnt strim 
The set point for hr bop is genmtcd fium UC-0405. 
TcmpcrslursmntrolTorthcrcsydeMIWtoC~301. 
Acid Stripper 
Level control in C-410 
Recycle acid d e r .  
T-415 interfaaldantmlmFICOMI.  
MTHF f lav mntml rn C-301. Row is mtioed from FIC-0344. (@m MTHF/gpm) 
Flmv control loopTorS1~ltoHE-4IO 
This loop is basedon L set point fmmFIC-OM1. 
Rcfluxlfecd flow conhollerto C-410. conhollercnudcKtpo'intfmmLlC-415. 
Cnidc LA MTHFStripping 
Lcvd contml in C-510. 
Pressure control loop for the hmfF vacuum system. 
Stem stripper controller. this flmv is i slave to TIC4724 
hlTHF level conk4 bTJIO. 
MTHF stripper bottom's temperuuro control, 
Provides cascaded set point to LIC-0720 
S t a n  flow controllurn HE-510. receives caudcdflowcontml RomFIC-0702 
Finbhin; (Air stripping and wiped Tim evaporation) 
Levd control on T-550, cuadr,s flow set point to FIC-0861. 
Crude LVAC flow control loop FIC-0161 
Receives exude set point dmgm from LIC-0860. 
Air stripper inlet nit temperature 
Chiller tempernhue setpomc 
Collection d \Vule Nculralirtion System 
First sfnge pH neutrnlintion 
Second SUga pH neurralizaiion 
Eftlumt tank at run of run (circle) 

O y o 9  15:W - 02/09 -22:w) 

set points Notu 
Design Thisrun Allow nnge 

150 ps/m Donotdwins RsMinrraIwrun 3 0.h H2S04 
Introduce solids once reactor system lpproacha operating conditions 
Set for each individual fesd bag u par atad~ed feed rheet 0 I5 

30. 

23gpm Do not &ins Minimum dlowable sefting - 10.A. 12 KL residence time 

4211 P 
400 psi 

Do not dsviate Controlled from Honeywell UDC amtrollpa. do not adjust controlla nunually 
Do not deviate Controlled from Honeywell UDC m t m l l a .  do not adjust contmlla mmually 

32' Do not rkviara 30 min. residence time 
Buming diac pressure - 250 psig 

2lOpSig 
392 F Donotdevir(s 

15' 

30. 
IO0 F Do not dovista 
I 2. 

20. 
l W F  Do not M a t e  

18' 
Ratio 
Ratio 

6* 
150mmHg 

10. 

250 F 
connolled 

1 0' 

0 15 gpm mntmlled 
300 F Do not deviate 
60F 55 - 70 Sct in Add at chiller 

6 5  5 5 - 7 5  
7 7 0 - 8 0  

T-7132 T-7133 



Element ID 

PID 001 
AlC-0102 
FlQC-0lO3 

LIC-0104 
w1-0105 
SIC-01 I S  

PlDdOl 

PIC-0202 
L l c -0 2 0 5 
PIC-0208 

TIC-0201 

TIC-02 I z 
LIC-02 I5 
PID-003 
LIC-0301 
TIC03 12 
LIC-0324 
FIC-0344 
PlDW4 
LIC-0405 
FIC-0702 

n c m o g  
PIDO06 
LIC-0601 
TIC-0612 
Llc-0624 
FLC-0630 
FIC-0633 

FIC-0641 
PID-007 
LIC-0703 
P1C-0710 
FIC-0720 
LIC-0722 
TIC4724 

FIC-0746 
PlD 008 
LIC-0860 
FIC-0861 

TIC-0862 

UFD 071 
AIC-7I02 
A1C-7103 

c 
Manager Run sheet 

Date. aw%ll\r 
seni0r-h Cl4 
Run 1D# G;'LCq q$' 8 
Description 

Reactant Bkndin; and Wood Feed 
Recycle wid 8 pHcontrol 
Solids flav mclhollu for the solids fading system, VP-101: 
Ratio of %Soli& Y recycle acid 
Level control inT-101 
lndicntion and totalization only (id wv/vP-lOl~ 
The speed wnvd for P-101 to wl sluny f lavntc Set Y. to obtain desired FT-121. 
FT-121 
Reaction 
R-IO1 tempcrnlureurntrol 
R-IO1 praturemntml 
R-102 level urntml. 
Cascade contmller for a self-regulating loop thu maintains R-102 prrrarra 
Theconlmllurrsciwr~wlpointfrom~C-0212. 
R-I02 temperature control loop. pmvidm urudad set point to PIC-208. 
Level urntrol in HE-IO1 
Solids Removal 
Level contml in T-102 
Hydrolyrnte tempenlure control. 
T-2D1 level control. 
C a d s  flav mnmller setting flow m C-301. 
Solvent Extraction 
T-301 hd control. pmvida casada flow ret point m RC-0702. 
Flow control du flaw of MIWF to he solvent shipper. 
The Kt point for du imp is generacd from LIC-0405 
Tanperature control for the recycle MTHF to C-301. 
Acid stripper 
LsvdcontrolinC-410 
Recycle acid cooler 
T-415 interfmelevelcontmltoFIC-064l 
MTHF flow control to C-301. Flow i s  ntid fmm FIC-0344 @m MTHF/gpm) 
Flowurntml lwpforS(cunmHE-410 
ni~rloopisbaredon~rctpoinlhomF1C-OMI. 
RefludI" flav controller m C-410, controller u r d  set point from LIC-4IS. 
Crude LA MTHF Stripping 
L a 4  control in C-Si0 
Pressure control loop for du h m  vacuum system 
Steam stripper controlla, this h v  is a slave to TIC-0724. 
hlTHF Iwd contml in T-510 
MTHF stripper bomn's tcmperrmrr control. 
Provides cnrwded set point to LIC-0730. 
Steam f l ~ v  mntmllu to HE4 IO. receives cacaded fiow control from RC-0702 
Finishing (Air strippin; and n i p d  FJm evaporation) 
h e e l  contml on T-SJO. cascades flow set point to FIC-0861. 
Crude LVAC f l ~ v  control loop FIC-0861 
Receiws cacade set point changes rm LIC-O~~O. 
Air stripper inlet air temperamre 
Chiller temperatun setpoint 
Collcrtion & Waste Neutralization System 
First stage pH neutralizatiar 
Second stage pH neutralization. 
Efkluent tank at shn of run (circle) 

-, 

c 
om 1000 - 02/10 700 

Set poinrs Nota 
Design 'IhiSNn Allow mge 

150 rs/sm D o n o t ~ i a t e ,  Rssluiruratfor~n 3 . m  HZSM 
Intmduca soli& MCO reutor system appmaches operating anditions 
Set for each individual feed bag as per uached feed shcct 0 15 r bin& 

12 sec residence hmo 2.3 gpm 

428 F 
400 psi 

Do not deviate hiinimum allowable setting - 1oK 

Do not deviate Conmlled from Honeywdi UDC controllem, do not adjust antrollen maually 
Do not deviate Controlled fmm Honeywell UDC conhollm, do not adjustcontmllen manually 

32" Do not dcviua 30 min residence hme 
Bursting disc pmrure - 250 p ig  

210 psig 

IS' 
392F Donotdwiak 

30' 
l00P Do not deviara 

-de m maintain T-IO1 lwd 
I 29 - 

20- 
IOOF Do not deviate 

18' 
&ti0 
RsriO 

6' 
150 mm Hg 

0 15 gpm controlled 
300 F Do not deviate 
6OF 55 - 70 Set in field at chiller 

6 5  5 5 - 7 5  
7 7 0 - 8 0  

T-7132 T-7133 
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Element ID 

PID Wl 
AIC-0102 
FIQC4lO3 

LIC-0104 
wl-0105 
SlC-0IIS 

PIDO02 

PIC-0202 
LIC-0205 
PIC-0208 

TIC4212 
LIC-02 I5 
PIDM13 
LIc-0301 
TIC-03 I2 
UC-0324 
RC-0344 
PIlLclo.4 
LIC-0405 
FIC-0702 

TlC-0409 
PID-006 
LIC-0601 
TIc-0612 
UC-0624 
FlC-0630 
FlC-0633 

RC-OMI 
PIDO07 
LIC-0703 
PIC-0710 
FlC-0720 
LIC-0722 
nc-0724 

FIC-0746 
PID 008 
LIc-0860 
F1C-0861 

T1C-0862 

UFDO7l 
AIC-7102 
AIC-7103 

TIC-0201 

Manager Run sheet 
Date: C 2 ltQj6 $ 
Senior operam 0 Q 
RunIDU 0 3-09 y p c  

Description, 

Reactant Bknding and \Vood Feed 
Recycle acid pH control 
Solids f l a v  commllsr for he soli& fceding system, VP-101: 
Ratio of USolids X rnycle Id& 
Level mntml inT-101. 
lndic~fion andtotaIizdlion Only ( iwlVP-101) .  
T h e s p d c o n d  forP-IO1 t o s d s l u y f l o w n k  SetKtoobtain des id iT l21 .  
Fr.121 
Reaction 
R-IO1 temperature control. 
R-101 presurecontml. 
R-102 level contd. 
C a s 4  c o n ~ l l u  for a srlf-ngulaing bop that maintains R-102 pressure. 
The ~ntmllanseiva.setpointfrom~C-02lZ. 
R- IO2 tempcramre control Imp. provides d d  set point m PIC-208. 
Lcvd mntml inHE-101. 
Solids Removal 
Level contd ia T-102. 
Hydrolysate tempnanrre control. 
T-201 levd contml. 
Cascade flow controller h n g  flow to C-301. 
Solvent Extraction 
T-301 level ~ntr~,pmvidocpxdafiansetpointtoRC-0702. 
Flow control the b w  of hl?HF to the solvent stripper. 
The set point for du Iwp is generated from UC-0405. 
Tempernture contml for the recycle MIHF to C-301. 
Acid Stripper 
LNd mntd in C-410. 
Recycle mid cooler. 
T-415interfacclcvdcontroltoFIC-0641. 
hiTHF flow control to C-301. Row is mtiaed fmm RC-0344. (gpm MTHF/gpm) 
Flowmnlml l o o p f o r S ~ m H E - 4 1 0 .  
This loop is b n d  on a sa point fmm FIC-0641. 
Rcfluxlfeed flmv controller to 12-410. amtroller cascade set point fmm UC-415. 
C N ~  LA MmFStrip&g 
Levd contml in C-510. 
Pressure mntml loop for he MIHF vacuum system. 
Steam stripper controllor. his flow is a rlwe m nc-0724. 
MTHF levd control in T-510. 
MTHF stripper boaom's nmpnrmre conad. 
Pmvida cascaded set point to LIC-0720. 
Steam flow controller to HE-5 IO. receives a u d e d  flav amtml h m  FIC-0702 
Finishing (Air stripping and wiped fdm evaporation) 
Levd mtml  on T-550, cascades flav set point to FIC-0861. 
CN& LVAC flow mnvd bop flC-0861 
Receives cnude set p in t  changes fmrnUC-08M).c 
Air stripper inlet air umpermm 
Chiller temperature setpoint 
Collection dr \Vaste Neutralhation System 
First stage pH nwtmliution. 
Second stage pH neutralimtion. 
Emuent tnnk at start of mn (circle). 

Set poinb Nota 
Derign Thirrwr A l l o w . ~ g e  

02/107:l5 -0YI0-23:OO 

0.1s 
30. 

2.3 gpm 

428 F 
400 psi 

32' 

21Opsig 
392 F 

15" 

30* 
l00F 
12" 

1 2- 

l W F  

7.0. 
IWF 
18' 

Ratio 
Ratio 

6' 

Do not deviate, Remains set for tun 3 0% H2so4 
lntmduca soli& MCC reactor system appm.cha operating conditions 
Set for a& individual feed bag PP per atached feed sheet r binder 

Do not dcvi i t~  Controlled from HMeywdl UM: o o n b u l l ~  do not adjust mntrollen mmudly 
Do not deviate. C~trollad from Honeywell UDC controllers. do not adjust controllers nunually 
Do not deviate, 30 min residence tune 

Bursting disc pressure - 250 prig 

Do not dcviate 

150 mm Hg 

IO" 

250 F 
Computer controllad 

10" 

0 I S  gpm Computer controlled 
300 F Do not deviate 
6OF 55 - 70 Set in field at chiller 

6 5  5 5 - 7 5  
7 7 0 - 8 0  

T-7132 T-7133 



d d c 

Element ID 

PID 001 
AIC-0102 
FIQCOlO3 

LIC-0104 
w14105 
SIC4115 

PIPOM 
TIC-0201 

LlCMOS 
PIC-0208 

TIC42 I2 
LIC-021s 
PID403 
LIC-0301 

LIC-0324 
RC-0344 
PID-WI 
uc-040s 
FIC-0702 

p i c - o m  

nc-0112 

nc-0409 

TIC-0612 
~1c.0624 

PID-006 
LlC-0601 

FIC-0630 
F1c-0633 

Flc-0641 
PIWO7 
LIC-0703 
PIC-0710 
FIC-0720 
LIC-0722 
TIC-077.4 

FIC-0746 
PID o(M 
LIC-0860 
FIC-0861 

TIC4862 

UFD 071 
AIC-7102 
AIC-7103 

Description 

Reactant Bkndl~ig m d  \Vwd Feed 
Rccyclcacidaplipntrol 
Solids flow rmbdlu forthe solids fcedingsystcm VP-101: 
Mia of #Solids I recycle acid 
Level contml in T-101. 
lndicntion Md mtalizuion mly (ind. wlVP-IOI). 
ThcspeedcontmlforP-101 cretslwyflawmte. SnKtoobtain dcsirdFT-121. 
FT.121 
Reaction 
R-101 lunp*mUnwntml. 
R-IO1 prmunmatml 

Cascade wntmllor for i df-regulating loop fha maintains R-102 pressure. 

R-102 tempcnhtrc conbd loop, pmvides usadd rst point to PIC-201. 
Lwol contd in HE-IO1 
Solids Removal 
Level wnfml in T-102 
Hydmlysaw tempcruulr contml. 
7-201 lsvd cM(mi. 
Cmudo flow controller rating flow to C-301. 
SOlvcRI Extrucion 
T-301 lNd~tml .pmVidousudeftavXtpoipoint~~~~2.  
Fknv control ha h v  of MTHF m the solvent nrippsr 
The rst point for lfis loop is genenhd from LIC-0405. 
T~mpentulr e m d  for ha n y d c  MTW to C-301. 
Acid Stripper 
L N ~  control inC-410. 
Rccycle Kid m d ~ .  
T4I5 interfsca INCI confml m RC4641. 
hlTKF flow con& lo C-301. Flnv is rat id  fmm FIC-0344. (gpm hiTHF/gpm) 
Flow control loop for Sfem to HE410. 
ThirloopisbwKdon8~tpointfmmFIC-(MQI. 
Rcfluxlfced thw wnboller m C-410, controller cwada rst point hwa LIC-415. 
Crude LA MTHP Strippins 
Level wnud in C-510 
Pressure m t m l  loop for the h4IHF vacuum system 
Stenm sfripper emtroller. his h v  is a slave m TIC-0724. 
MTHF Iwd nntml in T-SI0 
MTKF stripper tamin's tunpu~urc wntml, 
Provider cascaded sei point to LIC-0720. 
Stem ( l a y  conlmllu m HE4 IO, neci\p u u d e d  f l ~ v  contml h m  RC-0702 
Finishing (Air strippins Md wiped rim maporalion) 
Levd control on T-550. uwda flow rst point to FIC-0861. 
CN& LVAC flav emtml loop FlC-086l 
Receivn cpcade set point chngu from UC-08M). 
Air strippl mld air temperature 
Chiller tempernhue wtpoint 
CoUecNon & Waste Neutnlizntioa Systems 
First stnge pH neutmliwtion. 
Second rlngc pH neulrJlirorion 
Emuent tank at st@ of tun (circle). 

R-102 1NCl Und. 

The controllsr rrecivcr a rst point fmm TIC-0212. 

Sct pink NOks 
Design Thistun Allow rsnge 

150 pS/cm Donotdcviafa Rwuinrrstforrun 3 w. ms04 
Introduce solids once reactor system approaches operating conditions 
Sei for cach individual feed bag as per uached feed sheet 015 

30' 

23gpm Do not dcviafa Minimum allowable SCI~UI~ - IO.? 12 rec. rcsidcoea time 

428 F 
4M) pd 

Do not deviafa Contmlled from Honcywdl UM: wntmllm. do not adjust controllus mual ly .  
Do not dovim Controlled FmmHoncywell UDC wntmllur. do not adjust wntmllen manually 

32' Do not dcvinta 
Bunting disc p r e w n  - 250 prig 

30 min residence time 

2lOpsig 

IS" 
392 P Do not devllta 

20. 
IOOF Do not doviata 

Rar lO  

RUIO 

i a. 

6' 
IS0 mmHg 

10. 

250 P 
computu controlled 

0 I 5 gpm Computer wnkolled 
300 F Do not dovim 
60F 55.70 Sei in fidd at chiller 

65 55-15 
7 7 0 - 8 0  

T-7132 T-7133 



PLANT WEEKLY OPERATI ONAL SUMMARY 

PERIOD START DATE: 2/23/98 PERIOD END DATE: 2/27/98 

OVERALL INVENTORY CHANGES 

ITEM UNITS 

Feedstock (Sludge fiber) Bags 
Pounds ("As-is") 
YO Moist'r (Average) 
Dry Pounds 

Crude Product 

Refined Product 

Drums 
G a I I o n s 
Pounds 
% LVAC (Average) 

Drums 
Gallons 
Pounds 
% LVAC (Average) 

Waste Tar Quantity Loads 
Tons (Estim.) 

Liquid EfflueGt 
i 

Loads 
Gallons (Estim.) 

i 

No./QUANTITY 

7 1/2 
3280 
50 

1640 

3 
69.2 
59 1 
425 

2 
4500 

Estimated L.P. Steam Pounds 28550 

Estimated Power KWHrS 15000 

COMMENTS: 

Calculations above are impacted by non steady state operation due to acid stripper. 
Input calculations are estimated averages to be confirmed with lab analysis 
Significant variations in composition noted+through bags and between bags 
T-101 modified to take non spec. feedstock 

Installed feeding platform 
Feeding 20#/hr binder with feed 
Feedstock composition to be determined 

Centrifuge cleared and bearing changed prior to run 
Extractor cleared of solids blockage (probably from previously bypassing centrifuge) 
Poor acid stripper performance (unable to process solvent stripper stripping steam) 

(Significant non-routine activity, un-planned maintenance 
planned maintenance, etc.) 

Added bed delimiter, removed 50% of packing 
Modified distribution plate to EDLON recommendations 

WFE distillate pump gear changed following breakage 
Solvent stripper vacuum poor (apparently from stripping steam) 
Circulated crude LVAC through air stripper and WFE to remove excess water 
from solvent stripper 
GC septa have limited life on acidified samples alternate sources/types being evaluated 



Elcnient ID 

PID 001 
AIC-0102 
FlQC-0103 

LIC-0104 
WI-OIOS 
SIC-01 I 5  

PID-002 

PIC4202 
LIC-0205 
PIC-0200 

Tlc-0212 
LIC-02 I 5  
PID-oQ3 
LIC-0301 
nc-0311 
LIc-0324 
FIC-0344 
PIDIM4 
LIC-WOS 
FIC-0702 

TlC-0409 
PID-006 
LlC-0601 
TIC-0612 
LIC-0624 
FIC-0630 
FIC-0633 

PIC-0641 
PlaoO7 
LIC-0703 
PIC-0710 
FIC-0720 
LIC-0722 
TIC-0724 

F I C -0746 

LIC-08M) 
FIC-0861 

TIC-0862 

UFD 071 
AIC-7102 
AIC-7103 

nc-0201 

em WE 

Description 

Reactant Blending and W.od Feed 
Recycle acid a pH amtml 
Solids flav mntrollu for Iho di feeding system, VP-101: 
Ratio of #Solids # recycle acid 
h d  ~ m t d  hT-I01 
Indication and tatslintion only (ind. w/VP-101) 
n e  sped COWIOI fM p-10~ m list S~UIIY flanm SaY.to obtain &id Fr-121. 
Fr-121 
Rtnetiom 
R-101 tempauumamtrol 
R-IO1 p ~ ~ ~ ~ u m m n t m l .  
R-102 level eamol. 

The controllu receivar i set point from TIC-MH. 
R-I02 hmpcnhlrr control loop, pmvida aswded Kt pint  lo PIG208 
LcvelcontrolinHE-101. 
Solids Rcnrovd 
Levd cmtrd inT-IO2 
nydrotyrnc mnpMur umtml. 
T-201 level CMlmL 
CvcadcflmvanaOncrMtingflmvtaC-301. 
Solvcnt Extnetka 
T-30 I level amud. &des cascade Hmv set point to FIC-0702 
FIMV umml thc flow of MTHF to dm wlvmt shipper. 
The SCI point Tor Lr bop is gemrated hom LICMOS. 
Tempmiurn amtrol for h e  recycle A m  ta C-301. 
Acid Stripper 
Lcvd control in C-410. 
Rkyde acid cooler. 
T:4lS intufacelevdeamolmFlC-0641. 
MTHF flmv convd m C-301. Flmv is  r a t i d  from FIC-0344. (gpm hlTHF/gpm) 
Rmvcontml bopforStaunmHE4lO. 
This loop is baed m i xt point from FIC-0641. 
R c f l u d f d  f l a v  controller to C-410. o~ntrolla d e  SCI point tmm LIC-4 IS. 
Crude W lCrmPStrippin; 
Level control in C-510. 
Pressure conbd loop for thc hflHF ~ w ~ ~ w n  system 
stem stripper conlmiiu. his Rmv is a S I ~ W  to n c m 4 .  
IrlTHFlcvd contcdinT-3IO 
MTHF strippa bottom's "rpMtun control, 
Provides CMpdcd SI point to LIC-0720. 
Steam flmv mntrollu lo HE-510. receives cacadcd Row contml from FIC47Ol 
Finishin; (Airstrippiug and wiped e m  ovoponlion) 
Level control m T-550, ucada flmv sei point m FIC-0861. 
C ~ d a  LVAC flmv umtml Imp FIC-0861 
Receives fpcnda sa pant chmacs fmm LIC-0860. 
Air stripper i n k  air tcmperpiun 
Chiller tempsratura mlpoint 
Collection & W u I e  Neutralization Systems 
First s t g e  pH neutrnliion, 
Second ~ t ~ p  pH neutralization. 
Emuenttmkatrtonofnn(urcle). 

C d  eMIlIDh fM 1 Sdf-Eguhting IOOp ha IIWhMiN R-102 p m l U  

, 

Set points Notm 
Design Thisrun Allow.mgs 

150 film Do not deviate Remains sa for tun 3 0% HZS04 
lotroduce wlids once reactor systm approaches operating conditions 
Set for uch individual feed b q  u pcr itached feed sheet 0 I5 

30' 
hr 

ntain constant levels in TI01 and Tz05 by bleeding -0 6 gpm to back mom 

23gpm Do not devilrs Minimum dlowable sating- I&?? I2 w residencetime 

421 P 
400 psi 

Do not devirtu C~vOlled from Hmcywdl UDC wntrolla. Q not adjus~ mirollen mual ly  
Do not deviata Controlled horn Honcywdl UDC controllm. do not adjust conbollur m u s l l y  

32' Do MI deviate 30 min residence time 
Buming disc prssrun - ZSO psig 

ZlOprig 

15" 
391 F Do not dsviata 

30' 
I00 P 
12" 

20. 
IOOF Do not deviate 
18. 

Ratio 
Ratio 

6' 
150 mm Hg 

0 15 gpm Computer ummlled 
300F Do not daviatc 
6OF 55 - 70 Set in Bdd at chiller 

6 5  3 5 - 7 5  
7 7 0 - 8 0  

T-7132 T-7133 



Mmnmger Run sheet 
Date: 
Senior operator: 
Run ID#: 

c 

Elemmt ID 

pm 001 
AIc-0102 
FIQcal03 

LIC-0103 
WI-01OS 
SIC-01 I5 

PID-002 
TICOZOI 

LIC-0205 
PIC-0208 

I PlC-0202 

nc-0212 
LIC-0215 
PID-003 
LIC-0301 
TIC-03 12 
LIC-0324 
FIC-OW 
PlD-004 
LIC-0905 
FICO702 

TIC0409 

LIco601 
TIC0612 
LIC-0624 
FIC-0630 
FIc-0633 

~ m - 0 0 6  

FIC-0641 
PID-007 
LIC-0703 
PIC-0710 
FICM2O 
LIC-0722 
TIC-0724 

FIC-0716 

Description 

Reactant Blending and Wood Feed 
Recycle acid a pHcontrol 
Solidsflowcoarrolta forthcsolidsfecdingsystcm. VP-101: 
Ratio of#Solids # ncyele acid 

M i c a h  Md totalizatim only (incl. wl VP-101). 
ThcspeedoontrolforP-101 tosetrlunyflowrate. Sd%toobtain dwindFT-121. 
FT-121 
Reactlon 
R-101 temperature control. 
R-101 prtssurc control. 
R-102 Icvelcontml. 
Cascade ~ o l l e r  for a self-regulating loop that maintains R-102 prasun 
The contmller receives a sct point fiom TICOZIZ. 
R-102 tcmpeahmconhul l~pmvidescsseadedsetpointtoPXGZO8. 
Level control inm-101. 
MI& Removal 
Level coatml in T-102. 
Hydrolysate tempcnhnz rmtml 

CllscadcflowcontrollcrMningflowtoC-301. 
Sdvcnt Extraction 
T-301 level COntmL provides cascade flow set pod to FIC-0702. 
Flow coatmt the flow OfMTHF to the solvent seippm. 
The set point for du loop is gcncrated h n  LIC4405. 
Temperature control for the ncyclc MTHF to C-301. 
Acid Strlpper 
Level control in C410. 
Recycle acid coola. 
T-415 intexf~levelmrSroltoFIC0611. 
MTHF flow control to (2-301. Flow is ratioed h FIC-0344. (gpm MTflFhm) 
Flow control loop for Steam to W 1 0 .  
Thu loop is bssed on a setpoint firm EIC-0611. 
RcfluxHeedflowcontrotlcstoC410, controllacascadcsetpoint ibnLIC415. 
Crude LA MTHF Stripping 
Lave1 contml inC-510. 
Prersun control loop forthe MTIiFvacuum system. 

h4THF level cuatrol in T-510. 
MTHF s t r i p  bottom's temperature control, 
Providu cascaded set point to LICORO. 
Steamflowcontrolltrtom.51o,~~cacsdedflcnwcontrolfmm~~o2 

Level oontrol UIT-101. 

T-201 kvcl control. 

Steam a t r i p  Caurholler. thi¶ flow is a slave to TIC-0724. 

set points Notes 
Dtaiep Tbisnm Allow.mgc 

3.Ph msD1 Do not deviate. R d n a  set for run 
Introduce solids once reactor system appmchn operating conditions. 
sct for each individual fced bag as pcr atachul feed sheet 

1SOp.Ycm 

0.15 
30" 

2.3 gpn Donotdeviate. Minimtmr allowable setting = 10%. 12 sec. residence time 

428 F 
400 p i  

Do not deviate. controlled from HoncywelluDc controllen, do not adjust controllem manually. 
Do not deviate. Controtlcdihm Honqwell UDC controllas, do not adjust controllm manually. 

32. 30 min. residence time 
Bunting disc pressure - 250 psis 

210 pig 
392 F 

15" 

Do not deviate. 

2(r 
IOOF Do not deviate. 
1 8' 

Ratio 
Ratio 



C '  
PJD 008 
LIC4860 
FIC-0861 

TIC4862 

UFD 071 
AIC-7102 First stagcpHncutralizatior~ 
AIC-7103 Second stage pHneutnlizatim 

Finishing (Air stripping and wiped film evaporation) 
Level control on T-550. casdes flow set point to FIC-0861. 
Crude LVAC flow control loop FIC4861 
Receives cscadc set point changes h n  LIC-0860. 
A i  stripper inlet air tunpmturc 

Collection &Waste Neutmilutlon Systems 
Chilla t v m  sapoint 

Effluent tank at s t a t  ofrun (circle). 

0.15gpm canputer cdlltrolled 
300 F Do not deviate. 
6OF 55 - 70 Set in field at chiller 

6.5 5.5 - 7.5 
7 7.0 - 8.0 



LVAC PRODUCTION RUN SUMMARY 

Crude 
Retined 

DATE: 311 0197 
DATE OF RUN: 3/2/98 through 3/6/98 
RUN DESIGNATION: 
FEED TYPE AND SOURCE: Dry paper mill sludge es-KC/HF 

Bags Pounds % Dry Cellulose Cellullose 
Fed Moisture Weight(1bs) Comp. (%) Weight(1bs) 

3 1190 32.5% 804 58.0% 466 

LVAC Production Schedule LVAC (g/L #LVAC 
Drums Gallons (Pounds) (average) 

1 .o 41 374 42 1 144 
0.0 0 0 0 0 

Change in process inventory 
T-205 
T-702 

I 
~ ~- 

0 0 0 0 
0 0 I 0 n 

I I I 

Process losses 
Centrifbge tar 1.0 55 532 
Acid stripper discharge 1536 12749 
WFEtar 0.0 0 0 

Totals LVAC make (pounds) 248 
meld lb LVACAb fiber 53.3% 

- " 

60 28 
6 77 
0 n 

Acid stripper waste discharge (gpm)pw, 0.8 
hours discharged 32 

Liquid Effluent (gallons) 1,536 
LP steamuse (pounds) 10,500 

Power use kW.hrs 5,500 

COMMENTS: 

Calculations above are impacted by periodic non steady state operation 
arising fiom repeated malfimction of the centrifuge. 

Input calculations are estimated averages to be confirmed with lab analysis 
Calculations above are preliminary and will be verified by 3/13/98 
Significant variations in composition noted through bags and between bags 
Centrifbge malfunction; unit sent out to be cleared and bearing changed 
Solvent stripper vacuum poor (apparently fiom stripping steam) 
Replaced packing on P 10 1 
WFE distillate pump replaced with more reliable reservoir system 
Minor piping modifications around air stripper to improve reliability 
Addition of control valve facilitating level control in T 10 1 in conjuction with 

recycle mode of operation i 

Removal of packing from HE310 and adjoining lines, reinsulated and 
proofed for vacuum leaks. Much improved vacuum performance. 

(Sigdicant non-routine activity, un-planned maintenance 
planned maintenance, etc.) 

WReplaced  seals on VP-5 13 - eshibited oring degradation. 
Circulated crude LVAC through air stripper and W E  to remove excess water 
Laboratory work focusing on increasing sample throughput rate and 

accuracy of analysis. 



PIC4710 
FIC-0720 
LIC-0722 
TlC-0724 

FIc-0746 
PID 008 
LIC-os60 
FIC-0861 

TIc-0862 

m 071 
AIC-7 102 
AIC-7103 

~cOntro l lOOpfa t l tOi lTHF\nomrmr)ann .  
S t u m  hipper controller, this flow is a slave to TIC-0724. 
MTHF 1-1 codr01 in T-5 10. 
MTHF BtrippabottonL t m p t u r o  contml, 
Reheat stwm ratio (#h per gpo) 
Steam flow COMI'O~ to HE5 10, mccivcm crcadcd flow control h m  FIG0702 
Finishing (-sk atripping mnd nlped film evaporation) 
L m l  coatrol on T-550. m d c r  flow act point to FIG086 1. 
CNdc LVAC flow cont~~l loop FIC-0861 
Roccivca cacadc mt point changes h LIGO860. 
Air strim inlot air tcnrpcnhgc 

Cdlcction & Waste Neutralization Systm 
Finst atrgc pH mahalition, 
Second atage pH nc&aliition 
Efflucnt tank at start of m (circle), 

chills tanparhw rctpoint 

C O m p u t e r ~ U e d  
Max ltwm flow 150 #h 

10" 5-20 
180 - 220 250 F 

200 150 - 200 

0.15 gpn 
300 P 
6OF 55 - 80 Set in field at chillor 

6.5 5.5 - 7.5 
I 7.0 - 8.0 

T-7132 T-7133 



EI- m 

PID 001 
NC-0 102 
FIQC-0103 

LIC0104 
W-0105 
SIC4115 

PlDbot 
TIC020 1 
PIC0202 
LIC-0205 
PIC0208 

TIc-0212 
LIGO215 
PID-003 
LlC-0301 
TIGO312 
LIC-0324 
RC-0344 
PIIl-004 
LIGO405 
RC-0702 

nC-0409 
PID-006 
LIc-0601 
TIc-0612 
LlC-0624 
FlC4630 
RC-0633 

FIC-0641 
PmQ(n 
LE4703 
PIC-0710 

Manager Run sheet 
D8tO: 
Soniaoparrtg: 
Run ID#: 

Description 

Re~ct8nt Blending md Wood Feed 
R u p l o  rcid a pH oontrol 
Solid8 flow contmlla for the wlid~ fecding ryrtcns VP-101: 
Ratio of#Solidr # &e acid 
LCVC~ -1 k~ T-101. 
Indication a d  tot.lizaticn only (il. w/ VP-101). 
The rpced control for P-101 to rct i lwy flownto. Sd $5 to maiatrin FT-121. 
FT-121 
Resction 
R-101 t-hrro control. 
R-10 1 cartml 
R-102 lev01 cpttrof. 
CIIcrdc controlla f a  a 1clf4egulathg loop that n u h t h  R-102 pmm. 
T k C O & O ~ ~ ~ m e h t a 8 ~ ~ t f m n T I ~ 2 1 2  
R-102 tanpar- -1 loop, pmvlda c1.c.dcd rct point to PIC-MS. 
LcvolcoatrolinHE-101. 
Solids Removal 
Levcl control ia T-102 
H y b l p t e  tcmpcnturd cootrd 
T-201 ICWI contml. 
-de flow contmller re(ting flow to C-301. 
SdventExiractba 
T-301 I d  contml. u m d e  flow ret poiat to FIC-0702 
Flow control thc flow of h4THF to the dvcnt dppa. 
The satpoint fa th loop is gcncnted fmn LIc.0405. 
Tcmpershrrc conhol f a  tha myck MIHF to G301. 
A d  WPF- 
Levtl control in c410. 
RccycrO acid coolor. 
T-415 intafaco lavel collhol to FE-0641. 
MII-fPflaw cantml to 0301. Ratioad fhnn FIC-0344. (gpm Ml"F/p Hyd.) 

This loop i bucd on a IC( poialfiolnFIG0641. 
Raflax/fced flow wntmlla to C-410, cascade rct point fmm LIC415. 
CrudeLA MTHFWripping 
LNtl cmtrol m G510. 
RMurorontrolloopfatkMTHF~cuumlydom , 

Flow contml loop for sturn to m-410. 

Nota 

0.15 
30" 

2.3 gpm 

428 F 
400 pi 

36" 

210 pig  
392 F 

15" 

30" 
100 F 
12" 

12" 

100 P 

20" 
100 F 
18" 

Ratio 
Ratio 

6" 

Nono Rmrins#tfornm 3.0% WS04 
Introduce dido onca reactor ryrtan a p p x c h  operating conditim. 

0 - 0.1 
15-35 

SO #Ro KC, MICO at themu1 equilibrirm~ 

Nom. 
Nonc. 
NOW. 30 mh. m. tima 

NOM. 

Controllad frsn Hanoywcll UDC conbrotlar, don't adjust manually. 
colltmllad from Honeywcll UDC contrullor, don't adjust manually. 

Bnntmg dilc p m r e  = 250 p ig  

AE -Led to mintrin PIC-208 

20 - 30 
NOna 
10-25 
NOne. 
40-60 

03-09-98 prelim 



c 
FIG0720 

LIGQ722 
TIC-0724 

FE-0746 
lmoos 
LEO860 
FE-0861 

TIC-0862 

UFD 071 
AK-7102 
AIC-7103 

Stum stripper emtruller, this flow i8 8 slave to TIC-0724. 
MTHF level eontml in T-S 10. 
hmiF8tripperhottom~tanpmhKecc8Itfo~ 
Provides wded wet point to LGO720. 
Steam flow conhuller to HE-5 10, waded flow control fium FE-0702 
Ftnkhing (Air atripptmg md wiped ftlm mporaitoa) 

Level control mT-550, caacrdca flow lot point toFIC-0861. 
Crude LVAC flow control loop FE-0861 
Receivea cacade mt point changea firm LIC4860. 

Air dripper inlet rir tcmperatum 

chiller tempenture setpoint 

Cettcctia & Wasto Neutnlir~tion Systems 
Fii st8ge pH ncutraliitia. 
Seeod shge pH ncotnlizatica 
Rmuent trllk at start oflun (circle). 

03-09-98 prelim 



R-101, R-102, T-102, CF-201 mass balance 

Condensate 
To waste 

From C-410 

Steam to R-101 
Flowrate, #/hr 596.7 

Solids to T-101 

Date of Run: g-Mar-98 
Run ID: 030998a 
Sample description: 0 

Q CF- 

Flowrate, ##/hr 
Cellulose 

80 
58% 

Ash 8% 
% solids 50% 

R-101 R-102 
Pressure (psig) 380 200 
TOP. Q 428 394 
Residence time 13.3043 30 

(=c.) hw 

To C-361 

Reactor yield 61.4% LVAC of stoichiometric 
43.9% LVACYCellulose (wt%) 

105.9% Formic based on LVAC production 

(l&l 5.1 
am 38.9 

vlo= 6-m 0.0 
lrfild w.1 0.0 

03-09-98 prelim-rev 1 



Hydrolysate 

G h l ~  
Formicacid(g/L) 
LVAC WL) 

C-301 mass balance 

n.d. ~ 

4.5 - 
37.3 

Date of Run: 09-Mar-98 
Run ID: 030998a 
Sample descriptior 030998a 0:OO 

Fl Extractor 

h4THF with Levulinic Acid 
TO C-5 10 

IFlowrate. apm I 0.7 I 

LVAC balance 96.50% 
LVAC recovery to (2-510 63.79% 



c Q 
Manager Run sheet 

Date: 
senior opator: 
Rua D#: 

Element ID 

PID 001 
AIcol02 
FIQC-0103 

LIC-0104 
W-0105 
SIC-0115 

PID-002 
TIC4201 
PlC-0202 
LIC-0205 
~1c-0208 

TIC0212 
LlC-0215 
Pmoo3 
LIC-0301 
TIC43 12 
LIC-0324 
m-0344 
PID-OW 
LIC-0405 
FIG0702 

TIC4409 
PlD-006 
LIc-0601 
nc-0612 
LIC-0624 
FIG0630 
FlC-0633 

FIC-0641 
Pmoo7 
LIC-0703 

Description 

Reactant Blending and Wood Feed 
Rcoyclc acid a pH control 
Solids flow controuer for thc solids feeding ryltem, VP-101: 
Ratio of #Solids # recycle acid. 
Level wntd in T-101. 
Indication and totalization only (id w/VP-lOI). 
The S& control for P-101 to rct ~ l ~ r r y  
Fr-121 
Redion 
R-101 tmpaohmr c~nhol. 
R-101 PIWE c&K~. 
R-102 1 ~ ~ 1  control. 

sct %to ObtriD d-ircd FT-121. 

Caacadc d l c r  for 8 Iclf-rogolatiag loop that m a W m  R-102 prumnc. 
Tbc COdmllCC d e s  8 ld POht froln 12160212 
R-102 tAapctrture control loop, provida c u ~ l d d  & poiat to PIC-208. 
Level control inm-101. 
Solids Removal 
Lavcl ~ t d  in T-102 
Hydmlyutc tcmpartum control. 
T-201 ~ c I  w&oI. 
C W d c  flow  troll^ d i n g  flow to C-301. 
Solvent Extraction 
T-301 ICVCI w&o~, pmvides amdcfloVr rct point to FIG0702 
Fl~contmlthcflowof~tothcrohrcntItrippcr. 
Theset point for h loop is gena~ted froln LIC-0405. 
T m h r r r ,  conhol for the r e c y ~ l ~  h4THF to C-301. 
Acid Stripper 
Level Mltrol m G410. 
Recycle acid coolor. 
T-415 interface lcvcl conhol to FIC4641. 
Ml"Fflowwntr01toC-301. FlowtrafiocdfiomFIGO344. (gpmh4THFkp) 
Flow control loop for Steam to W 1 0 .  
This loop ia b a d  on a &point frommco641. 
Rcflux/fcsdflowoonhdlcrtoG410,controUsrcr~dcMt~tfmnLIC-415. 
Crude LA MTHP Stripping 
h l  control in G5 10. 
solvmt atrippexpmsure remote act point 

sctpoiQtB Nota 
Design Thiirun Allow.nnga 

0.15 
30" 

2.3 gpm 

428 F 
400 psi 
- 55" 

210 p ig  
392 P 
15" 

30" 
100 F 
12" 

12" 

100 F 

20" 
100 F 
18" 

Ratio 
&ti0 

6" 

150 pS/m Do not deviate. Remaim ret for run 3.0% W04 
Inbudwe mlidr once retctor at operalingcondition8. 
soft wood haf t  @ 2 0 # h  

Do not deviate. Min. setting 30%. 12 BCC. Rea. time 

Do not deviate. So manually at Honeywell UDC contmllcr 
Do not d d a  Controlled from Honeywell UDC contsolla 
Do not deviate. 

Bauding diac pgalrc = 250 pig  
39.4 min. Res. time 

Not active act MANUAL 4% output 
As e to mhbh PT-208 

10 - 50 
Do not deviate. 

:Automatic d o f f  control 

15 -30 
Do not dcviate. 

12 - 25 
1.5 
40 

Not to Qlccod 2.5 8pn 

150 nun Hg 150 - 250 



LVAC PRODUCTION RUN SUMMARY 

Acidstrippxdischarge I 
WFEtar I 0.0 

DATE: 511 1/97 
DATE OF RUN: 5/11/98 through 5/14/98 

FEED TYPE AND SOURCE: 
b RUN DESIGNATION 

Sorted and dried MSW 
Bags Pounds % Dry Cellulose Cellullose 
Fed Moisture We@t(lbs) Comp. (%) Weight(1S) 
- 0.0 0.0% 0.0 O.oO/o 0.0 

0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

Condensate I I 1000.0 I 8300.0 I 0.0 I 0.0 
Centrilhe tar I 0.0 I 0.0 I 0.0 I 0.0 i 0.0 

Totals LVAC make (pounds) 
Yield lb LVACflb fiber 

Acid stripper waste discharge (gpm)-, 
hours discharged 

Liquid Effluent (gallons) 
LP steam use (pounds) 

Power use kW.hrs 

~ 

0 
0.0% 

- 
- 

1,000 
2,000 
2,000 

COMMENTS: 

HP reactor skid 

(Significant non-routine activity, un-planned maintenance 
planned maintenance, etc.) 

LIC-0215 pressure sensor diaphragms replaced with Zr diaphragms 
Relief lines from R-102 and T-102 separated to prevent back pressure on T-102 
in the event of R- 102 disc Mure. 

Sightglass broken during cleaning. Replaced with spare giass. 
Devolitizer cracked during operation. Replaced glass Unit with stainless steel drum. 
Vacuum pump not holding vmum. Loses pressure from 10 - 100 mmHg 
over 1 hour operation. Oil to be replaced with higher viscosity. 
WFE feed pump P-5 12 bushings replaced. 

Solids deposition in base of Solvent stripper cleared. 

MPS boiler f2ling with water during process nul Notified EPIC for resolution. 
Unable to run Solvent room Thursday due to boiler problems. 

WFE 

Solvent stripper 

boiler 



c 
Manager Run sheet 

stnior 0pe.ratw. 
Date: 

Run ID#: 

E l m d I D  Dacription 

PID 001 
AIc-0102 
FlQGOl03 

LIC-0104 
w-0105 
SIC0115 

PID-002 
TIC4201 
PlC-0202 

PIC4208 
LIC-Orns 

TIc-OzlZ 
LIC-0215 
PID-003 
LIC-0301 
TIC03 I2 
LIC-0324 
pIc-0344 
PID-004 
LIC4405 
pIC-0702 

TIC4409 
PIDBo6 
LIc-0601 
TIc-0612 
LIC-0624 
pIC-0630 
pIc4633 

FIG0641 
PID-007 
LIC-0703 
PIC6710 

Reletmnt Bknding 8nd wood bed 
Reaycle acid a pH control 
Solids flow controller for the solids fccdb ryrtcm, VP-101: 
Ratio of #Soli& # recycle acid. 
Lavel conirol in T-101. 
ladicalion and lotalkation only (iacl. wl VP-101). 
Thc a p e d  control for P-101 to ret r l ~ y  f l m t o .  Set $6 to maintain FT-121. 
FT-121 
Reletion 
R - l O l t ~ t ~ ~  ~ ~ ~ ~ t r o l .  
R-101 -c~lltml. 
R-102 I ~ ~ ~ l ~ a r t r o l .  
Cascade eontmllcr fur 8 self-rogulathg loop thnt mahtrh R-102 plWnm. 
Thc cmtmllcrraciva a rct point 6an TIC0212 
R-102 tmpcrahm control loop, pruvidca ctwaded wt point to PIC-208. 
Level control m HE-101. 
Solids Rrrnoval 
h i  contml in T-102. 
Hyddymtc tanparrbrrc contml. 

Callcrdt flow controller d n g  flow to C-301. 
Sdvent Exxhretion 

T - 2 0 1 l ~ ~ l  control. 

T-301 levcl -I, pmrida M m d c  flw rct pht to HCo702. 
Flow Contml the flow O f M m F  to thosohront rtripper. 
Thc ret point for tho Imp ir gawntcd froln LIC-0405. 
Tempmturt control for thc recycle MTHF to C-301. 
Acid Stripper 
Level control in C-410. 
Recycle acid cooler. 
T-415 intcrfrcelevcl control toFlc0641. 
MTkW flow conbot to 0301. R a t i d  hm FIC-0344. (gpn m/p) 
Flow control loop fa Steam to HE-410. 
Thic. loop i: based a18 bet pointfmn\FlCX641. 
Rcfllalfoed flow controller to C-410, cascade rct point fmm UC-415. 
Crude LA MTHF Stripping 
Level control in C S  10. 
p r c M u m c m t m l l o q , f o r t h c ~ v a ~ ~ ~  

150 psh l  NonO 

0.15 
30" 15-35 

Minimum allowable d i n g  = 30%. 12 BCC. Res. tima 

428 P NOIIG. 
400 pi NonC. 
32" NOM. 

2w) p i g  NOIW. 

392 F 
15" squired to maintain PIG208 

NOIIG. 
NonC. 
NOM. 

NOIW. 

I squired to maintain PIG208 

30" 
100 F None. 
12" Odoff control 

100 F NOM. 

20" 20 - 30 
100 F NOM. 
18" 10 - 25 

Ratio None. 
R8tiO 40 - 60 



c c 
FIC9720 
LIC-0722 
TIC4724 

lW4746 
PlD 00s 
LK-0860 
FlC-086 1 

TIC4862 

UFD 071 
AIC-7102 
AIC-7103 

10" 

250 P 

10" 

0.15 gpm 
300 F 
60F 

6.5 ' 5.5-7.5 
7 ' 7.0- 8.0 
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August 30.1998 

BIOMETTCS TNC. 

MUNICIPAL SOLID WASTE CONVERSTON PROJECT 

NAL REPORT 

CONTRACT No: 4204-ERTER-ER-96 

Abstract: The Biodne demonstration plant at South Glens Falls was operated using a cellulose- 
rich feedstock derived fiom municipal waste under a program funded by New York 
State Energ Research and Development Authority. Plant equipment modifications 
and operational conditions were found to allow a substantial pomon of the feedstock 
to be continuously processed over an extended period to produce levulinic acid. 
Process feedrates as high as 170 pounds per hour (4080 pounds per day) were 
achieved. Yields of levulinic acid were in the range 30 pounds of levulinic acid per 
100 pounds of cellulose fed. The quality of the final product was high (95+%) beins 
comparable to that obtained from paper sludge. Overall, the experiment was 
successll indicating that with certain equipment and operational modifications the 
use of MSW as a feedstock for the process is feasible. 
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3.0 Tntroduction and Background 

The purpose of this experiment was to test the feasibility of using the cellulose-rich portion of 
municipal solid waste as a feedstock for the Biofine process. The Biofine demonstration plant at S. 
Glens Falls, NY is primarily designed to use papennill waste sludge as its feedstock. It employs the 
Biofine process technolo= to convert the cellulose fiaction of the waste sludge to levulinic acid in 
high yield (1,2). A diagram of the Biofine process is provided on the next page. 

The organic fraction of municipal solid waste (MSW) is the portion of raw municipal waste 
remaining after separation of the plastics, synthetic fibers, metals, inorganic asgregates and glass 
components. It is a cellulose-rich material containing between 45% and 70% cellulose. Unlike the 
other separated components, this material cannot usually be recycled and must be either incinerated 
or land-filled. Incineration or land-filling results in the degredation of this fraction to greenhouse 
gasses such as carbon dioxide and methane. It is estimated that in the U.S. alone degredation of 
municipal garbage in incinerators or landfills adds some 200 million tons per year of greenhouse gas 
to the atmosphere. In addition, it is estimated that the available energy fiom this organic fiaction 
of MSW is around 2 Quads (or 2 quadrillion BTIJ’) per year. An environmentally sound technology 
which would allow conversion of this resource to useful chemicals and fuels would be highly 
desirable if not essential to society’s future well-being. If proven to be capable of processing MSW- 
derived feedstock, this technology has the potential to make an important contribution to society 
both in the U.S. and in New York State. 

The overall conclusion of the project is that with certain operational and engineering modifications, 
the MSW derived fiber fiaction is a desirable feedstock for the Biofine process. 

Attempts to operate the plant lasted over a period of four months. Initially, operations were 
unsuccessful due to the heterogeneous nature of the feedstock and due to the hction of oversize 
(greater than two inch) particles present. Once the larger particles were removed, operations were 
perfected to the point where high rates could be fed to the process continuously for extended 
operations. It is evident from the results that MSW-derived fiber is a desirable feedstock for the 
Biofine process. 

In the first part of the project, two loads of New York City (Bronx) residential MSW were positively 
sorted (i.e. the cellulose-rich material was taken out of the raw refuse). The cellulose-rich material 
was then died to around 15% moisture, shredded and delivered to Biofine’s plant. MSW arrived 
on plant on Feb 28* and was stored in stable condition for over two months prior to processing. The 
quantity of feedstock received was approximately 10 tons. 

The analysis of the MSW-derived fiber fiaction received was measured by BioMetics as follows: 
0 - moisture content 12%, 

ash - 16%, (titratable alkalinity 6%) (based on dry weight) 
a average cellulose - 49%. (based on dry weight) 

A copy of the previous re?ort is included in Appendix 1 for reference. 
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\Ir 2.0 Sumrnarv of Results and Ouerntional Experience 

The first attempt to process the MSW-derived feedstock commenced in May 1998. Short periods 
of stable operation (up to one hour) were achieved but process stoppages were fiequent preventing 
achievement of steady state operation. The main causes of stoppage were found to be oversize 
(greater than two inch) piects of feedstock which had escaped separation duing the preparation 
phase at other locations (ref report on Tasks 3 thru 7, dated March 1,1998). These oversize particles 
consisted of non-hydrolysable materials such as metal and plastic pieces. Occasionally, large 
panicles of non-hydrolyszble wood were also found but it was concluded thzt this only occurred as 
a consequence of poor rezcor control rather than a primary cause. Pieces of feedstock responsible 
for blockase were successfblly pumped into the rezctor system by the feed pump P-101, but would 
become lodged in the process control valves particularly the pressure control vdve on the plug flow 
reactor, R-101. The maxihum opening of this valve is approximately 0.75 inch. Additionally, 
inspection of the feed pump P-101 indicated that there was a high degree of weu occ;Uring on the 
viton stator due to feeding of this material. Approximately 1 ton of feed mzterid was put throigh 
the system during this initial attempt. 

It was decided to carry out a re-sorting of the material to separate oversize pieces. The resorting was 
carried out manually by meax of a two inch z p e m e  mesh screen. The re-jordng operation lasted 
three weeks and resulted in h e  rejection of around 3 tons of feed material. 

Tne plant was restarted on the MSW feed for a second operar;,onal campaip in July. Longer periods 
of 1 to 2 hours un-interrupted operation were achieved between blockages. During this second 
canpaign blockages were confined to control valves downstream of the fin; sage reactor. The 
pressure control valve for R-101 remained free of blockage although pressure control and, 
consequently, reactor temperature were erratic. It was concluded from this tha the larger particles 
removed during the re-sorting operation were the cause of earlier R-101 pressure control valve 
blockages. The nature ofthe padcles causing blockage were mainly metal. ,ohs and small rocks 
with some solid plastic pieces. No plastic film was found in the sample ins?ec:td. 

Blockages during this second campaign were experienced primarily in the smaller control valves 
controllin_e pressure in R-102, level in HE-101, level in T-102 and level in T-101. These vdves have 
maximum trim openings of 0.25 inch or less. In addition, fairly frequent blockqes were found in 
the bottom outlet &om 1-101 (the system flash cooler). Approximately two tons of feedstock were 
used up during this campaign. 

w 

Based on the findings and experiences of this second campaign, several modirfcations were made 
to the plant to improve operations. These were as follows: 

0 The “variable aperture” ball in the pressure control valve on R-101 was 

”Blowdown” drains and back-flush piping was instai!ed uound the control 

A stniner was installed at the b u e  of T-102 to sepanrt ay large solids from 

replaced with a “full bore” ball. 

valves which were most frequently blocked. 
0 

0 



the bottom outlet. 
The controller for level control in HE-101 was tuned to give a high gain, high 
reset rate “Bang-Bang” operational characteristic to allow any lodged 
particles to be freed quickly whilst maintaining reasonzble control. 

The plant was restarted fbr the third campaign in early August 1998. Initial plant operation \ v s  
continuous but erratic due to poor pressure control in R-102. (The burst disc on R-102 ruptured 
several times). 

Analysis of plant operating data indicated strongly that periods of k t e a d y  operation were correlated 
with initial loss ofpressure in R-102 and sudden increases in condensate quantiiy &om R-102. From 
this it was concluded that the feedstock material had a high tendency to foam, especially if allowed 
to boil due to sudden pressure reduction &om saturated conditions. Small solid parricles were being 
carried over into the conderser with the foam and were becoming lodged in the R-102 vent pressure 
control valve. This resulted in very large pressure losses as the valve opened md lodged particles 
were suddenly freed. Panicles responsible for blockage of the small control valves were mainly 
small rocks, metal shavings, ceramics m d  solid plastics. 

If the foaming tendency could be reduced then stable plant operation appeared possible. An anti- 
foam agent was identified which showed some promise in laboratory experiients. It was found 
during subsequent operation that this agent also had the additional benefit of asisthg in the werting, 
blending and pumping of the feedstock in the process. 

Inspection of R-101 conlimed that a high degree of wear was continuing io occur on the viton 
stator. Pump performance hzd fallen to the point where solids had to be prermt ii the feed for the 
pump to achieve the requiitd reactor pressure. Although this only presented 3. problem on start-up 
where it is desirable to rezch reactor conditions using waer only, it was indicztive of the high degree 
of pump wear. 

t/ 

ApproximateIy one ton of feedstock was used during this third campaign. 

The plant was restarted for the fourth campaign in late August. With addition of the anti-foam asent 8 
steady operation was achieved. R-102 pressure control became reasonably stable. Blockages of 
control valves and T-101 became of low enoush frequency that operator htervennon could maintain 
the plant in operation with 3 minor effect on operating conditions. Typical pvriculates found in the 
valve-clearance blow-down streams consisted of metal and small rocks and ctrmics. Very few 
plastics were found and no plastic film was found. 

Sustained plant feed-rates were achieved as high as 170 pounds per hour. -4 pica1  operational 
day’s results is shown on the table in this section. Approximately 2700 liters ofhydrolysate were 
obtained. The overall yield was measured at 0.3 pounds of levulinic acid per pound of cellulose. 
Hydrolysate was collccrcc for processing and purification in the back-cnd of the process. 
Approximately one ton of feedstock material was used during this campaip 

It was decided to halt operztions after demonstration of success due to fern concerning the wear on LJ 
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P-101. At the time of cessation of the trial P-101 was barely capable of maintaining R-101 at 
process pressure. Discussions with the pump manufacturer, Robbins and Myers, (Allentown, PA) 
raised the possibility of replacing viton with a harder wearing elastomer, however schedule and cost 
precluded this at the time. 

The hydrolysate material produced in the hydrolysis reaction was then processed through the 
extraction and purification steps. The hydrolysate processed well with good recovery (94%). No 
difference was detected between the performance of this part of the process on MSW-derived 
hydrolysate compared with paper sludge derived hydrolysate. The purity of the f i s h e d  product 
was high (95+%). Again, no significant difference in h a l  product purity was found for the product 
from MSW-derived feedstock when comuared with uroduct fiom DaDer sludge. The nurified 

r r ~ - - - -  a - -  ---- r -- -- -- 
material will be shipped to Pacific Northwkst National'Laboratories (PNNL) for M e r  testing. 
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~0 Conclusions 

The prDject resulted in the successful sustained operation of the Biofine demonstration plant using 
MSW-derived cellulose as feedstock. The operational experience gained and plant modifications 
resulted in achieving continuous operation and steady state conditions. The technical lessons learned 
on this project will be key to allowing a large scale plant to be desiged, constructed and operated 
to allow processing of tine celluose-rich fiber fraction of MSW. Such large scale plants would be 
capable ofprocessing 1000 to 2000 dry tons per day.of MSW-derived fiber. 

Tine main conclusions of the project are as follows: 

0 Although the p l a t  was designed to operate on paper sludge it has been successhlly operated 
on a more heterospeous MSW-derived feedstock. All operational difficulties encountered 
can be mitigated by engineering or procedurd modifications. 

0 The blockage problem initially encountered with operation on the MSW-derived feedstock 
were due primarily to the small scale of the plant equipment. Most of these problems would 
not be encountered on a large scale (500 to 1000 dry ton per day) plant due to the much 
larger control valve and pipe sizes. On a large plant, typical pipe size will be 3 to 6 inch and 
control valve trims will be 2 inch to 4 inch. On the Glens Falls plant typical pipe sizes are 
0.5 to 1 inch and control valve size 0.25 to 0.75 inch. ’ 

It was evident fiom inspection of the material causing the blockages thst it w a  primarily 
metal and rock. Although some plastic material was found this w2s mainly large solid 
chunks. Plastic film did not appear to have any effect on operations. It is speculated that 
plastic materials =e softened enough at the temperature of operation ofthe reactor to extrude 
through most ofthe control valves. In a larger MSW recycling opention metal, large plastic 
material and rocks would be more thoroughly removed. Commercially available technology 
exists to accomplish this. 

r 

0 The plant modifications made to allow smooth operation can all be incorporated permanently 
into the demonstration plant if fimher operation on MSW-derived fetdstock is warranted. 
These modificarions can all be implemented on a large scale plant and can be automated to 
reduce the need for continual operator intervention. 

0 Cenain critical points in the process were identified as places where non-hydrolysable solids 
collected. In a future plant provision would be made to purge these points in the process. 

0 The anti-foam a_eent used is readily available and can be used at low levels (200 to 400 ppm). 

0 The yield of le\ulinic acid obtained was 0.31 pounds per pound of cellulose. This is 
somewhat lower than the yield range of 0.5 to 0.6 pounds per pound obtained from paper 
sludge. This tsplained by several factors: Firstly, The relatively shon duration of stable 
operation on X I S Y  compared to the continuous days of operation obt3ined on paper sludge. 
This results in the low yield “start-up and shut-down” material havicg a large effect on the u 



results; secondly, the reactor operating conditions were more variable using the more 
heterogeneous MSW when compared with the more homogeneous paper sludge feedstock. 
As noted previously, at the end of the operation P-101 was barely capable of maintaining 
pressure in R-101. This affects the reactor temperature which if variable results in decreased 
yield. The yield on the MSWderived feedstock would be expected to approach that obtained 
fiom paper sludge in longer operational campaigns. 

0 In any future MSW-based operations at S. Glens Falls the feed pump P-101 would be 
modified to include a harder wearing elastomeric stator. In the large scale plant a different 
type of pump fiom the Moyno would b t  employed. This would be a Schwing or Putzmeister 
reciprocating pump. These pumps are not available at the small scale of operation of the 
demonstration plant. The remaining MSW at the S. Glens Falls plant will be used to carry 
out pump trials using these pumps. 

0 The hydrolysate containing the dilute levulinic acid exhibited good, predictable processing 
characteristics. It was extracted and purified identically to the hydrolysate produced fiom 
paper sludge. The recovery of levulinic acid was acceptable at 94% and the purity of the 
product was similar to that found for paper sludge feedstocks. (9S+%) 
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