


Fluids that

Move Your
World

It takes the right fluids to achieve high levels of performance,
productivity and economy. For operating supplies that meet critical
functional and protection needs in demanding applications, choose
fluids from Dow. We supply advanced, proven, and reliable
solutions for heat transfer, lubrication, fluid power, freeze and
corrosion protection, and deicing.

° DOWTHERM™ Synthetic Organic and SYLTHERM' Silicone
Thermal Fluids increase processing efficiency and economics in
high temperature processing environments. www.dowtherm.com

e DOWTHERM™ and DOWFROST" Glycol-based Heat
Transfer Fluids help prevent system corrosion and freeze damage
in water-based HVAC, food and beverage, and other systems.
www.dowfrost.com

* UCON™ Fluids and Lubricants reduce wear and extend the life
of industrial, mobile, marine and other equipment while offering
important fire-resistance and economic benefits. www.ucon.com

e UCAR™ Aircraft Deicing Fluids help maintain winter aviation
safety while contributing to on-time flight departure performance.
www.ucaradf.com

We stand behind our fluids with a global support team that can
provide the application, technical, regulatory, sales and customer
service assistance you require. For fluids that perform, choose
fluids from Dow.

To Learn More...
U.S, Canada, and Mexico: 1-800-447-4369
Latin America: (+55) 11-5188-9222
Europe: +800-3-694-6367* or (+32) 3-450-2240
Asia-Pacific: +800-7776-7776% or (+60) 3-7958-3392

©™Trademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow
TSYLTHERM Fluids are manufactured by Dow Corning Corporation and distributed by
The Dow Chemical Company

*Toll-free service not available in all countries.
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Cut Your Cost 9 Ways with
One Ultra-Economical Conveyor

Cut installation cost
Easy conveyor routing
at any angle (over, under
or around obstructions,
through small holes

in walls or ceilings)
conforms to process
layouts, drastically
cutting installation
costs, while consuming
minimal floor space.

See why thousands
of engineers like you
have purchased more
Flexicon conveyors
than all competitive
designs combined.

Slash initial cost
Flexicon conveyors
cost far less than

drag chain conveyors,
bucket elevators,
pneumatic conveying
systems and other
conveyors of equivalent
capacity, both initially
and in operation.

5 Convey at multiple

locations

Available mounted

on mobile bases

with casters, Flexicon
conveyors with hoppers,
dust collectors and other
accessories can operate
at multiple locations,
eliminating the need

for dedicated conveyors.

8 Reduce cleaning costs

Removable end cap
allows reversing of
screw for evacuation
of material, in-place
flushing of crevice-
free interior, or quick
removal of screw for
sanitizing—all with
minimal labor or
downtime.

Save on maintenance
Rugged inner screw is
the only moving part
contacting material
(no internal bearings)
yielding ultra-high
reliability with little
maintenance cost

or downtime.

Save on sanitary
construction

Other conveyors

can command

high premiums for
food, 3-A dairy and
pharmaceutical models,
but Flexicon conveyors
can meet sanitary
requirements at
comparatively low cost.

Convey disparate
materials

Handle sub-micron
powders to large pellets
including non-free-flow-
ing products that pack,
cake, seize, fluidize,
abrade or smear, with
no separation of blends,
often eliminating the
need for multiple units.

7

Use less energy

Low horsepower motors,
simple gear reducers
and ultra-efficient
operation significantly
cut energy cost per
volume of material
conveyed.

End costly
contamination
Enclosed tube prevents
dust and spillage,
eliminating cost and
quality concerns
associated with
contamination of

your product and

plant environment.

visit flexicon.com

ﬂe)ilcom

.com

See the full range of fast-payback equipment at flexicon.com: Flexible Screw Conveyors, Pneumatic Conveying Systems, Bulk Bag Unloaders, Bulk Bag Conditioners,
Bulk Bag Fillers, Bag Dump Stations, Drum/Box/Tote Dumpers, Weigh Batching and Blending Systems, and Automated Plant-Wide Bulk Handling Systems

USA UK
sales@flexicon.com AUSTRALIA
1 888 FLEXICON SOUTH AFRICA

+44 (0)1227 374710
+61 (0)7 3879 4180
+27 (0)41 453 1871

© 2009 Flexicon Corporation. Flexicon Corporation has registrations and pending applications for the trademark FLEXICON throughout the world.
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CLEAN ENERGY SOLUTIONS

It's predicted that the clean energy industry
will be the third largest global industrial

sector by 2020. At Sierra, we're committed
to playing a leading role through innovative

instrument design and lifetime support.

Steel-Trak 640S
Biogas/Wastewater/Landfill

The flagship of North America's best-selling
(1) thermal mass flow meters,

the 640S features patented

dry sensor technology backed

by a lifetime warranty, pinpoint

accuracy and wide turndown.

(1) 2009 Flow Research Study, Yoder

Innova-Sonic 205
Water/Energy
Conservation
Ideal for water flow
measurement, Sierra’s 205
clamp-on, non-intrusive ultrasonic flow
meter is also designed to measure the
thermal energy flow rate and totalized
energy consumption in liquid heating and

cooling applications.

Innova-Mass 241
Geothermal/Solar Thermal
Measure five process variables
with one instrument! Sierra's 241
insertion vortex drives steam
measurement efficiency with
improved accuracy, wider
turndown, and reliability at a
lower installed cost.

Free Clean Energy Guide
Download a free copy of
our new Sierra Clean Energy
Guide highlighting product
applications for the full line of
flow measurement tools we
have developed to meet today’s global
environmental challenges.
sierrainstruments.com/cleanenergy

SieERkRH

EXPERIENCE OUR PASSION FOR FLOW!







Simulated computer modeling, dimensional testing, and electron scanning
of raw materials — you name it, we’ll go to any lengths to ensure that if it's

We don’t have a department from Swagelok, it’s top quality. Because Quality isn’t just one of our values.

It’s our attitude. It's the focus of every associate, affecting everything from

dedicated to quality_ We have our services to our products. And by using the same disciplines, practices,
- - and technologies through every office in every country, that focus is constant.
a Com pany dedlcated tO It. We know that quality isn’t just a well-made product, it’s customers served
beyond what they were expecting. To see what that attitude can do for you,
visit swagelok.com/quality.

Do

Value beyond the expected™
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SAMSON
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A boost in
accurate positioning

B Trial-and-error tuning during start-up is a

thing of the past. Thanks to its precisely
manufactured bypass restriction, the rugged
Type 3755 Booster by SAMSON can be set
exactly for its task and lead-sealed. As the
booster is completely balanced, it works
reliably and remains unaffected by changing
pressure conditions. It supplies one-to-one
signal pressure with a defined hysteresis.
And the booster does all this very quietly.
Combined with a positioner, the booster has
even more fo offer: Both devices ensure a fast
and accurate positioning of the valve, even
when handling high flow rates or pressure
drops.

SAMSON Type 3755 - boosting
performance

AOT088EN

USA E-mail: samson@samson-usa.com
Internet: www.samson-usa.com

Germany  E-mail: samson@samson.de
Internet: www.samson.de

Further comments on safety, ethics

June, Safety, ethics on the horizon, p. 5: As a thor-
oughly schooled, experienced engineer, I have read the
news, watched television and listened to the radio for
an engineering explanation of what went on as BP lost
control of its oil well. All T have heard is name calling,
political comments and threats of punishment. Often I
have heard that the scientists failed.

Actually it was management that failed — corporate man-
agement AND government management. If a building were
to collapse, the first inquiry would be a review of the design
drawings and calculations. No science here. It’s all manage-
ment — first on the part of the city, next on the part of the
builders. The main question asked would be: was the design
done by a registered, licensed professional engineer? Did he
or she stamp and sign the drawings? I have heard no such
questions regarding BP and the Deepwater Horizon. If the
job had been managed properly, stamped, signed drawings
of the design should currently exist. The signatures need to
be from licensed engineers: not only BP engineers, but U.S.
Corps of Engineers too. I expect that these signatures are
either missing, or affixed fraudulently — or even worse, that
good design drawings were not even prepared.

This assertion underscores how disasters occur when
professional reviews and the signing or stamping pro-
cedures are sidestepped, either purposely, or through
ignorance. The National Society of Professional Engineers
(NSPE) should endeavor to learn what designs, if any,
were reviewed by licensed professionals working for BP,
or the Corps of Engineers, or the Coast Guard, or any
of the Gulf states. The disciplines that should have put
stamps on the designs are: structural, mechanical, chemi-
cal, electrical and control systems. The designs requiring
said reviews (and approvals) are those of the platform (the
Deepwater Horizon), the blowout preventer (with close at-
tention to the dynamic seal that enables movement of the
drill rod), the well casing, the well discharge pipe, and the
well termination (so-called X-mas tree), with special at-
tention paid to the shut-off valve and the valve actuators.

Scott Mansfield, PE
Retired, San Gabriel, CA

Postcripts, corrections
June, Facts at Your Fingertips, Distillation Tray Design,
p- 27: The equation for active area and V-load contained
some terms that should have been subscripts. The correct
equations for active area and V-Load are as follows:
Active area =
V-Load / [TS%? (0.0762 — 0.00092(p,2)) — 0.011W/]
V-Load = CFSy [p, / (p, — p,)1*?
June, Just Cool It, p. 17: The caption for Figure 1 incor-
rectly suggested that the pictured equipment is used for
particle size reduction. The LIN immersion freezer shown
is used for food processing, but not particle reduction.
July, Feature Report, Aging relief systems — Are they
working properly?, pp. 38—43: The definition of MAWP in
the text on p. 40 should read “maximum allowable work-
ing pressure”. Also, the valve types mentioned on p. 42
should read “conventional, balanced, pilot”. W



Our experience counts!

Berndorf Band steel belts, made from
high-tensile materials, have proven to
be perfect for cooling applications in
the chemical industry. USA
SBS Steel Belt Systems uses these steel Partner of Berndorf Band
belts for its cooling and pastillating
equipment. The SBS Rolldrop® trans-
forms molten products into pastilles
with diameters ranging from 5 to 10 mm.
Some advantages of the system are: SBS Steel Belt Systems USA, Inc.
easy removal of the solidified pastilles
from the belt, effortless cleaning for 2525, Bath Road
quick product changeover, low-cost Elgin, IL 60124

. ] Phone: (1)847-841-3300
gaskets, simple assembly, rapid and Fax:  (1)847-931-5299
low-cost maintenance, short downtime info@steelbeltsystemsusa.com
and low wear. www.steelbeltsystemsusa.com
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NORTH AMERICA

ACS 239th Annual Meeting and Exposition.
American Chemical Society Meetings (Washington, D.C.).
Phone: 800-227-5558; Web: acs.org
Boston, Mass. Aug. 22-26
International Acid Gas Injection Symposium.
Sphere Technology Connection Ltd. (Calgary, Alta.).
Phone: 403-619-6215; Fax: 888-984-4941;
Web: agis2010.spheretechconnect.com
Calgary, Alta., Canada Sept. 27-30
3rd Intl. Symposium on Green Processing in the
Pharmaceutical and Fine Chemical Industries.
Guiding Green LLC (Channahon, Ill.). Phone:
815-325-4974; Web: guidinggreen.com
Boston, Mass. Sept. 30-Oct. 1
WEFTEC 2010. Water Environment Federation (Alex-
andria, Va.). Phone: 570-830-1545; Fax: 703-684-2492;
Web: wef.org
New Orleans, La. Oct. 2-6
39th Turbomachinery Symposium. Texas A&M
University Turbomachinery Laboratory (College Station,
Tex.). Phone: 979-845-7417; Fax: 979-845-1835;
Web: turbolab.tamu.edu

Houston Oct. 4-7
Polyurethanes 2010 Technical Conference.
American Chemistry Council (Arlington, Va.).
Phone: 703-741-5000; Fax: 703-741-6050;
Web: americanchemistry.com

Houston Oct. 11-13
Materials Science and Technology 2010. American
Ceramics Society (Westerville, Ohio) and others. Phone:
614-794-5894; Fax: 614-899-6109; Web: matscitech.org
Houston Oct. 17-21

Chemlnnovations 2010 Conference & Expo. Trade-
fair Group / Access Intelligence LLC (Houston).

Phone: 713-343-1879; Web: cpievent.com
Houston Oct. 19-21
World Congress on Engineering and Computer
Science (WCECS 2010) and International Confer-
ence on Chemical Engineering (ICCE’10). Inter-
national Association of Engineers (IAENG; Hong Kong).
Email: info@iaeng.org; Web: www.iaeng.org
San Francisco, Calif. Oct. 20-22
60th Canadian Chemical Engineering Conference.
Canadian Society for Chemical Engineering (Ottowa,
Ont.). Phone: 613-232-6252; Fax: 613-232-5862;

Web: csche2010.ca

Saskatoon, Sask., Canada Oct. 24-27
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North American Industrial Coating Show. NACE
International (Houston). Phone: 800-797-6223,;
Fax: 281-228-6300; Web: events.nace.org
Indianapolis, Ind. Oct. 27-29
Gasification Technologies Conference. Gasifi-

cation Technologies Council (Arlington, Va.). Phone:
703-276-0110; Fax: 703-276-0141; Web: gasification.org
Washington, D.C. Oct. 31-Nov. 3

2010 AIChE Fall National Meeting. American In-
stitute of Chemical Engineers (New York, N.Y.). Phone:
800-242-4363; Fax: 203-775-5177; Web: aiche.org

Salt Lake City, Utah Nov. 7-12

EUROPE

19th Int’l Congress of Chemical and Process Engi-
neering. Czech Society of Chemical Engineering (Prague,
Czech Republic); Fax: +420 221 082 366; Web: chisa.cz/2010
Prague, Czech Republic Aug. 28-Sept. 1

Organic Process Research & Development. Scientific
Update (West Essex, U.K.). Phone: +44 1435 873062; Fax:
+44 1435 872734; Web: scientificupdate.co.uk
Barcelona, Spain Sept. 13-15
IFAT Ensorga. Messe Miinchen GmbH (Munich, Ger-
many). Phone: +49 89 9 49 113 58; Fax: +49 89 9 49 113
59; Web: ifat.de
Munich, Germany Sept. 13-17
15th International Congress for Battery Recycling
(ICBR 2010). ICM AG (Birrwil, Switzerland). Phone: +41
62 785 10 00; Fax: +41 62 785 10 05; Web: icm.ch

Brussels, Belgium Sept. 15-17

Green Solvents Conference. Dechema e.V. (Frankfurt
am Main, Germany). Phone: +49 69 75 64-333; Fax: +49 69
75 64-441; Web: dechema.de
Berchtesgaden, Germany Oct. 10-13
XIX International Conference on Chemical Reactors.
Boreskov Institute of Catalysis, Russian Academy of Sci-
ences (Novosibirsk, Russia). Phone: +7 383 326 95 36;

Fax: +7 383 330 62 97; Web: conf.nsc.ru/CR-19-2010
Vienna, Austria Oct. 20-22

7th World Conference on Detergents. American Oil
Chemists’ Society (Urbana, I11.). Phone: 217-359-2344;
Fax: 217-351-8091; Web: aocs.org
Montreux, Switzerland

ASIA
5th World Recycling Forum. ICM AG (Birrwil, Swit-

zerland). Phone: +41 62 785 10 00; Fax: +41 62 785 10 05;
Web: icm.ch
Hong Kong

Oct. 4-7

Nov. 15-18 R
Scott Jenkins
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Technology developed 40 years ago to convert coal

into substitute natural gas is making a comeback —

processes to make Bio-SNG are approaching

onsidering that a large fraction
of the synthesis gas (syngas) pro-
duced today is made by steam re-
forming of natural gas, it might
seem curious that in some parts of the
world, syngas is being converted into
substitute natural gas (SNG). Never-
theless, such role reversal is common
where coal is abundant and gas is ex-
pensive. China, for example, imports
most of its gas, either via pipeline from
Russia or shipped in as liquefied natu-
ral gas (LNG). It was also the case in
the U.S. a few years ago, when natu-
ral gas prices skyrocketed to as high
as $10/million Btu, which initiated a
number of massive coal-to-SNG proj-
ects in coal-rich regions of the country.
Today, coal-to-SNG projects are pro-
gressing full-speed ahead in China,
while those in the U.S. are either await-
ing financing or are being redesigned
into coal-to-“something else” as a re-
sult of the recent fall in U.S.-gas prices.
“The cost of gas in China is about 2-3
times higher than in the U.S.” says
Don Anthony, chief technology officer
at GreatPoint Energy (Cambridge,
Mass.; www.greatpointenergy.com), so
coal-to-SNG is one way to meet the
growing domestic market there.

Why coal-to-SNG?

Making SNG is one way for China to
use its large coal assets rather than
importing energy, says Philip East-
land, vice president, Davy Process
Technology Ltd. (DPT; London, UK.
www.davyprotech.com) a Johnson
Matthey Co. China also has tight lo-
gistics for moving coal with the rails
and roads fully loaded, so access to

deliver energy to the market place
as SNG through the existing and ex-
panding West/East pipeline network
is important, he says.

In January, DPT entered into con-
tracts with Datang Energy Chemical
Co. for a plant to produce SNG from
coal — a first for China. The scope of
the project includes a technology li-
cense, basic engineering design, cata-
lyst and support services for the meth-
anation unit (Figure 1) that converts
syngas (mainly Hy and CO) to SNG
(mainly CHy).

The plant, now in detailed engineer-
ing, will be located in Keshiketeng
County, Inner Mongolia, and will have
a capacity of 12-million Nm3/d of SNG
produced in three parallel units that
will be constructed sequentially. The
SNG will be sent by pipeline and will
provide a significant portion of the do-
mestic energy needs of Beijing.

DPT received a second Chinese
contract in June from Xinwen Min-
ing Group Co. (Shadong Province,
China) to make SNG from coal. The
plant, now in basic engineering, will
be located in Yili, Xinjiang, and have
a capacity of 6-million Nm3/d of SNG
produced in two parallel units that
will be constructed simultaneously. In
both of these projects, the gasification
technology is supplied by the Chinese
No. 2 Design Institute.

Making SNG from coal-derived syn-
gas is not new; the technology was
developed, tested and proven several
decades ago. One of the biggest such
plants is the $2.1-billion Great Plaines
Synfuels Plant of Dakota Gasification
Co. (Bismark, N.D.), which started up
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in 1984, and is the only SNG plant op-
erating in the world. The facility uses
Lurgi GmbH (Frankfurt, Germany;
www.lurgi.com) gasifiers to convert
lignite into syngas, which is then con-
verted to SNG using DPT methanation
catalysts. The facility produces about
153-million ft3/d SNG, the majority
of which is piped to Ventura, Iowa,
for distribution in the eastern U.S.
Since 2000, the facility has also been
capturing 3-million metric tons (m.t.)
of COq per year, which is pipelined to
Saskatchewan, Canada for use in en-
hanced oil recovery in the Weyburn
and Midale fields. As of December 31,
2009, Dakota Gas had captured more
than 17.4-million m.t. of CO,.
Although developed in the 1970s
when gas prices soared, Haldor Top-
sge A/S’s (Lyngby, Denmark; www.
topsoe.com) methanation technology,
called Tremp. is just now making its
commercial presence felt, after a false
start in 2007, when a $1-billion project
to convert 4 million tons/yr of coal into
SNG was announced for Power Hold-
ing’s coal-gasification plant in Jeffer-
son County, Ill. (CE, February 2007, p.
11). This project is still pending, partly
due to the lack of clarity on the require-
ments for handling of COy from coal-
based projects in the U.S., says Jens
Perregaard, Topsge’s general manager,
New Technologies, Technology Division.
This is not unique to this project, but
also part of the reason that other SNG
projects — such as the Lake Charles
Cogeneration project, the Cline Group
(Illinois Basin) as well as other projects
where our Tremp technology has been
selected — are being delayed, he says.
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However, at the end of last year Top-
sge signed a design contract with an
undisclosed client in China for a new
plant that will produce SNG from coal-
derived syngas. When the plant comes
on stream next year, it will produce
close to 180,000 Nm3/h of SNG, and
will be the first large-scale order for
Tremp technology, says Perregaard.

Tremp. Topsge’s high-temperature
methanation process (for flowsheet,
see CE, February 2007, p. 11), uses
coal-derived syngas (Hg-to-CO ratio
of slightly above 3), which has been
passed through a sulfur-tolerant shift
and acid-gas removal unit for remov-
ing HyS and excess carbon (as COy). In
order to protect the methanation cata-
lyst — Topsge’s nickel-based MCR —
from poisoning, the feed is first passed
through a sulfur guard bed to remove
traces of sulfur components. Desulfu-
rized feed is then mixed with recycle
gas to control the maximum tempera-
ture rise and passed to the first meth-
anation reactor, where H, reacts with
CO and COy to form CH,. The reaction
is performed in a reactor with a very
large AT and at the same time with a
technology preventing the formation
of nickel carbonyl. The AT ensures
that heat can efficiently be recovered
from the exothermic reaction and used
for generating superheated, high-
pressure steam. The cooled gas then
passes through two or three metha-
nation reactors in series for complete
conversion. Products leaving the last
reactor are cooled and compressed to
meet pipeline specifications. The SNG
is typically 94-96 mol.% CHy, with a
heating value of 950-978 Btu/scf.

—»

FIGURE 1. DPT’s methanation process is a refinement and further devel-
opment of the Catalytic Rich Gas (CRG) process, which was first developed
by British Gas Corp. in the late 1960s to convert naphtha into town gas.The
process involves several methanator reactors in series, with heat recovered

from the exothermic reaction (CO + 3H, —> CH, + H,0) used to raise high-
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Other SNG projects

In April, ConocoPhillips (Houston;
www.conocophillips.com) completed
an agreement with POSCO, a Ko-
rean steel-manufacturing company,
to use ConocoPhillip’s E-Gas technol-
ogy in POSCO’s Gwangyang coal-to-
SNG project. The facility will produce
500,000 m.t. of SNG from approxi-
mately 1.8-million tons of coal. Pre-
liminary design work had already
begun in 2008. The methanation tech-
nology to be used for this project has
not yet been announced.

The E-Gas technology is also being
used at the Wabash River Coal Gas-
ification Plant, near Terre Haute, Ind.
and has been licensed by Mississippi
Gasification LLC, an affiliate of Leuce-
dia Energy LLC (New York), for a proj-
ect planned for Moss Point, Miss. The
later project, which will make SNG
from petroleum coke (petcoke), recently
received U.S. Dept. of Energy (DOE;
Washington, D.C.) funding ($840,000)
to demonstrate advanced technologies
that capture and sequester CO9 emis-
sions from an industrial source. Missis-
sippi plans to demonstrate large-scale
recovery, purification and compression
of 4-million ton/yr of COs.

In March, 2009, Siemens Energy
(Erlangen, Germany; www.energy.sie-
mens.com) delivered two 500-MWy,
gasifiers and associated equipment
to Secure Energy, Inc.’s (Decatur, IlL.;
www.secureenergyinc.com) Gasifica-
tion plant — the first Siemen’s gasifi-
ers to be delivered to North America.
The massive units were planned to
be part of a process for converting
1.4-million ton/yr of coal into 21-bil-
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pressure superheated steam and to preheat the feed. Each reaction stage
consists of a fixed bed of CRG catalyst operating adiabatically

lion ft3 of SNG. While detailed design
work is currently underway, Secure
Energy has revised its plans — due to
the drop in natural gas prices in the
U.S. — and the syngas will be used for
a yet-to-be announced product other
than SNG, says Lars Scott, co-manag-
ing member of Secure Energy.

Uhde GmbH (Dortmund, Germany;
www.uhde.eu) is also involved in a
number of SNG projects in China and
the U.S., but these projects are still
in the design stage, and cannot be
disclosed at this time, says Karsten
Radtke, head of Gas Technologies Div.
at Uhde. He points out that SNG is
just one of many possible products
for gasification plants. “While we do
see a growing interest in SNG, there
is clearly no dominance for SNG vis-
ible, and all other products, such as
methanol, gasoline, fertilizers, Hy and
chemicals are all being applied down-
stream of coal (and biomass) gasifica-
tion projects around the world.”

Uhde recently commercialized a di-
rect water-quench version of its Pren-
flo gasification technology, known as
PDQ (for details, see CE, November
2008, p. 14). This new achievement
leads to an enrichment in the Hy con-
tent of the raw syngas already in the
gasification reactor and has a capac-
ity of 1,200 MW, per gasifier, which
allows for compact design and lower
capital costs, says Radtke. Because
Prenflo gasifiers are based on dry-coal
powder feeding, the gasifier has a high
cold-gas efficiency, and can thus pro-
duce more SNG from coal than, for ex-
ample, slurry-fed gasifiers, he says.

Hydromethanation

In February, Peabody Energy (St.
Louis, Mo.; www.peabodyenergy.com)
and GreatPoint Energy (Cambridge,
Mass.; www.greatpointenergy.com)
signed an agreement to develop coal-
to-SNG and coal-to-Hy projects in
the U.S. and elsewhere around the
world, along with carbon capture and
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storage (CCS) projects. The
projects would be developed
around GreatPoint Energy’s
proprietary Bluegas technol-
ogy, which uses catalytic hy-
dromethanation to generate
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the highly endothermic steam-
reforming reaction and the
exothermic methanation reac-
tions in a single reactor, the
overall reaction is thermally neutral,
making the process highly efficient,
says Anthony.

The process has undergone three
levels of pilot testing, most recently
at the company’s own pilot plant, the
Mayflower, which handles a nominal
feedrate of 1-3 ton/d, depending on
the feed. The Mayflower is essentially
an exact replica of a commercial sys-
tem, just a smaller diameter.

The Bluegas process is competi-
tive even if gas prices are below $4/
million Btu, says Anthony. Although
today’s U.S. prices are around $4-5/
million Btu, they are projected to
reach $6-8/million Btu in the next
ten years, which “is more than high
enough for us,” he says. The first com-
mercial demonstration — most likely
in China — will have a throughput
of about 700-1,500 ton/d. Once this
is built, it will be quick to duplicate,
says Anthony.

In addition to Peabody Energy, Great-
Point Energy has three other strategic
partners, The Dow Chemical Co. (Mid-
land, Mich.; www.dow.com), Suncor
Energy (Calgary; Canada; www.suncor.
com) and AES Corp. (Arlington, Va.;
www.aes.com). All four partners have
invested in the technology, and each

has its own strategic plans for the fu-
ture of this emerging technology.

Bio-SNG
While coal-to-SNG technology makes
a comeback in regions where coal is
plentiful, other technologies are being
developed to produce SNG from bio-
mass, such as wood or straw. These
numerous efforts to make so-called
bio-SNG (or “green gas”) will not only
lead to applications in coal- and gas-
scarce regions, but have the added ad-
vantage over coal-based SNG of being
nearly COy neutral — without COy
capture and storage, says Bram van
der Drift, a process engineer at the
Energy research Center of the Neth-
erlands (ECN; Petten; www.ecn.nl).
ECN has been developing a biomass
gasification technology, called Milena,
which has a high cold-gas efficiency
and high methane yield, making it
suitable for gas-engine applications.
The product gas can also be upgraded
into SNG. ECN aims to develop large-
scale SNG production with 70% en-
ergy efficiency (biomass to bio-SNG),
and sees the gas engine as an appli-
cation necessary for reaching large
scale. Together with HVC (Alkmaar,
the Netherlands; www.hvegroep.com),
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FIGURE 2. GreatPoint Energy’s Hydromethanation process directly produces CH4 and
CO, by the reaction of steam with carbonaceous solids, such as coal, petcoke and biomass

the Bio-CHP (combined heat and
power) technology is being introduced
on a 10-30-MWy, scale.

The Milena gasifier consists of three
parts: a riser, settling chamber and
downcomer. The combustion section
contains a bubbling fluidized-bed com-
bustor and a sand transporter. Bio-
mass is fed into the riser, and super-
heated steam is added from below. Hot
(925°C) sand or olivine enters the riser
from the combustor and heats the bio-
mass to 850°C, causing the biomass to
gasify. Hot product gas emerging from
the gasifier enters ECN’s “Olga” gas-
cleaning unit, which removes tars and
dust. Cleaned gas contains mainly CO,
COq, Hy, CHy, and CoHy, and can be
used in gas boilers and gas turbines, or
can be converted into bio-SNG.

Since 2008, ECN has been conduct-
ing pilot trials in an 800-kW;, Milena
unit. A 10-MW;, demonstration unit
is now being designed, and construc-
tion is planned to start next year at
the HVC facilities in Alkmaar. Sev-
eral commercial parties have already
expressed an interest in licensing the
technology, says Van der Drift, and a
50-MW,;, SNG demonstration plant is
scheduled for startup in 2015.

Uhde is also working on projects

Bluegas



for biomass to SNG, says Radtke. The
plants are usually of smaller capacity
and are less focussed on competing
against natural gas than on creating a
COg-neutral natural-gas substitute, he
says. “Our Prenflo gasifier allows the
combination of biomass and coal in one
gasifier, so that the addition of biomass
as co-feed can be flexibly handled.”
Meanwhile, work is progressing on a
bio-SNG project being carried out by a
Swiss-Austrian consortium. A 1-MW,,
bio-SNG pilot and demonstration
plant — currently operating in a slip-
stream of a Bio-CHP plant in Giissing,
Austria — features a fast, internally
circulating fluidized-bed (FICFB) gas-
ifier of Repotec GmbH (Vienna, Aus-
tria; www.repotec.at). Together with
colleagues from the Technical Univer-
sity of Vienna (www.vt.tuwien.ac.at),
scientists at the Paul Scherrer Insti-
tute (PSI; Villigen, Switzerland; www.
psi.ch) have developed a process that
cleans the product (Hy, CO, CHy and
tars) from the gasifier and converts it
into CH,. The methanation process,
which uses a nickel catalyst, was de-
veloped at PSI. PSI and CTU Clean
Technology Universe AG (Winter-
thur, Switzerland; www.ctu.ch) scaled
up the methanation technology. The
consortium is aiming for commercial
plants on the scale of 20-200 MWy,.
In April, Haldor Topsge began par-
ticipating in the design of what is said
to be the world’s first commercial plant
for producing SNG from biomass. The
project, owned by the Gothenburg
Biomass Gasification (GoBiGas) con-
sortium, with main owner Goteborg
Energi AB (Sweden, www.goteborgen-
ergi.se), aims to produce 20 MW of
Bio-SNG to be fed into the existing gas
grid. Approximately 300 ton/d of wet
forest residues will be gasified. The
plant, located next to the Rya District
Heating Plant in Gothenburg, Sweden,
is scheduled to start up in 2012.
Topsge will supply gas conditioning
and its Tremp methanation technol-
ogy. The gasifier will be supplied by
Metso Power (Helsinki, Finland; www.
metso.com) and Repotec, and will use
Repotec’s gasification technology.
Meanwhile, a German-Austrian
project is underway that aims to store
surplus electrical energy generated
from solar or wind power into meth-

ane. A process that combines hydro-
gen electrolysis with methanation
has been developed at the Center for
Solar Energy and Hydrogen Research
Baden-Wiirttemberg (ZSW; Stuttgart,
Germany; www.zsw-bw.de) in coop-
eration with the Fraunhofer Institute
for Wind Energy and Energy System
Technology (IWES; Bremerhaven and

Kassel, Germany; www.iwes.fraun-
hofer.de). A demonstration system
constructed by Solar Fuel Technology
GmbH & Co, KG (Salzburg, Austria;
www.solar-fuel.net) is now operating
in Stuttgart, and the company intends
to launch a system with 10-MW capac-
ity in 2012. [ |

Gerald Ondrey

Opti-Gard System

A single rupture disc solution for the
chemical processing industry.

® 959% operating to burst pressure ratio

® 3% burst tolerance

o Reusable, non-invasive, burst detection
standard with the Flo-Tel+ sensor

e Withstands full vacuum

o Non-torque sensitive

e Excellent for high cycling applications
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let contains an energy absorbing hinge
that aligns with an unscored portion
of the CSI rupture-disk perimeter that
retains the CSI disk upon opening,
avoiding fragmentation.

Should the disk in its holder be ac-
cidentally installed the wrong way,
it will burst at or typically below its
burst pressure. This “fail-safe” design
feature is called the reversal safety
ratio. If the CSI rupture disk is acci-
dentally damaged, it will reverse at a
reduced pressure and interact along its
circular score line with stress raising
features in the CSR-7RS Safety Head
to open at a reduced burst pressure.

Relief valve improvements

In general, the design of pressure re-
lief valves is not much different today
than it was when the first spring-
loaded models were invented in the
1800s, says Bert Lowden, president of
Aquatrol, Inc. (Elburn, I11.). “However,
manufacturing technologies have im-
proved over the years allowing valve
makers to hold closer manufacturing
tolerances, which have resulted in im-
proved operation of the valves,” he says.
“Manufacturers have also changed the
internal structure of the valves to max-
imize valve relieving capacities.”

However, Rupture Pin Technology
(Oklahoma City, Okla.), offers the
Rupture Pin valve that Julian Taylor,
president of the company, says is su-
perior to rupture disks, spring-loaded
conventional valves and pilot-operated
valves. These valves consist of a piston
on seat, restrained from movement
by a slender round pin known as the
buckling pin. The piston and seat have
a bubble-tight seal while under pres-
sure. The pin will buckle at set point
from an axial force applied by the sys-
tem pressure acting on the piston. Each
valve is self-contained and self-acting.
When the pin is buckled, the valve is
full open in a matter of milliseconds,
says Taylor. The pin is external to the
system being protected and is tightly
held in place at both pin ends.

Taylor says the benefits of Rupture
Pin technology include the inability of
the pins to fatigue, maximum operat-
ing pressures to 95% of set point, zero
leakage to set point and nearly fool-
proof pin installation. |

Joy LePree

DEVICE SELECTION

tis not always easy fo decide whether a pressure relief valve, rupture disk or combi-
nation used in series is the most practical overpressure solution. Here, the pros and
cons of each technology are considered.

Rupture disks

Rupture disks are preferred in many chemical processing applications for their simplic-
ity and low cost, says Michael Zitariuk, global product manager for pressure relief with
Fike (Blue Springs, Mo.). “They have no moving parts as they are made of a simple
membrane that opens at a predetermined pressure and temperature based on the
requirements of the application,” says Zitariuk. “Because there are no moving parts,
rupture devices are about as low mainfenance as you can get. We recommend inspec-
tion at a minimum of annually, which — depending on the process, as long as you
don't take it out from the holder — you can usually inspect and re-install if there’s no
visible damage or corrosion.”

In addition, the simplicity of the disks allows them to be more cost effective in applica-
tions where corrosive media comes into play. It is much less expensive fo fabricate a
rupture disk and its holder from a specialty alloy than an entire pressure relief valve.

The ability to instantaneously open in overpressure situations and the fact that rup-
ture disks do not leak or chatter make them more suitable than pressure relief valves
in many processes. “Rupture disks provide a completely leak-tight seal,” says Zi-
tariuk. “Depending on how close the process is running to maximum operating pres-
sure, valves can chatter, which often leads to the escape of some fugitive emissions
and, in other situations, a valve may open and not seat properly after the event,
leading to leaks.”

Pressure relief valves
The primary advantage that a pressure relief valve has over a rupture disk is that the
pressure relief valve recloses and the rupture disk does not, says Bert Lowden, president
of Aqucttro| (Elburn, III.). “When a rupture disk bursts, the system it is installed on must
be shut down in order to install another disk,” he explains. “When a pressure relief
valve pops, it recloses itself after having relieved the overpressure condition, enabling
the system fo continue operation.”

Obviously plant personnel should try to determine the cause of the overpressure con-
dition to prevent its reoccurrence, but with a pressure relief valve, operation can tem-
porarily continue and be restarted more easily if shutdown is required.

Combined forces

If you want the best of both worlds, pressure relief valves and rupture disks can be
used together, with the rupture disk installed prior to the inlet of the pressure relief
valve, notes Lowden. There are two common situations where processors tend fo use
the devices in series. The first is necessary isolation of the safety relieve valves from a
corrosive process. When the chemical process environment is such that exposure of the
pressure relief valve or its internals to the process chemicals can render the pressure
relief valve inoperable, a rupture disk is often placed at the inlet of the pressure relief
valve because it is leak free and will protect the valve from the damage that would oth-
erwise be caused by the corrosive media, explains Steve Palmer, Strategic Operations
Manager with BS&B (Tulsa, Okla.). In these cases, not only does a rupture disk prevent
damage fo the valve, it is also much less costly for the processor to install a Hastelloy
rupture disk under a conventional pressure relief valve than it would be to have the
relief valve made from Hastelloy, notes Lowden.

Another scenario for dual use would be when the leak-tightness of the rupture disk
prevents the loss of very expensive or toxic materials. “A client once called me be-
cause he was extracting flavors and fragrances from orange peels and orchids,” recalls
Palmer. “These expensive vapors passing during distillation through the safety relief
valve caused a significant loss of potential revenue for the company. This loss was
eliminated simply by isolating the safety relief valve using a rupture disk.”

Leak tightness is also important for environmental concerns, in that it can help prevent
toxic chemicals from escaping into the environment. A rupture disk alone would remain
open after an incident, allowing foxic chemicals fo get info the atmosphere. And a pres-
sure relief valve alone might chatter, allowing occasional escapes. But, in tandem, the
devices will keep environmentally unfriendly gases within the process.

In each of these scenarios, if an over pressure did occur, the rupture disk would
burst and then the pressure relief valve would pop and re-close. The system will now
have to be shut down to replace the disk and examine the valve for damage, but not
immediately because the relief valve would be closed and refaining pressure and pro-
cess within the system, explains Lowden. (For more, see Combining Rupture Disks with
Safety Relief Valves, CE, March 2009, pp. 42-44) o
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Centrifuge & Drying

Technologies

Inverting Filter Centrifuge I

Cutting edge centrifuge technology for

filtration, washing and drying of solid/liquid

suspensmns
* Widest range of applications - hardest to
easiest filtering s)roducts can be handled

¢ No residual heel for exact repeatable
batches and no loss of product

* PAC® technology allows drying of the
product inside of the centrifuge

* Thin cake filtration operation allows for
'mf)roved quality and production rates

¢ Full containment eliminates operator

Xposure
* Effective automated CIP
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Advanced technology
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drying research

and development

e Utilizes interchangeable agitator systems
either orbiting arm screw or central shaft

* Flexible small scale volume of 150ml to
1500ml

* Plastic view through vessel available

* Designed for real [aboratory requirements
of size, with full instrument & data
recordlng
Direct scale up to production or pilot size
units

Horizontal, & Vertical
Centrifuges

* Size ranges from 200mm to 1800mm
* Wide range of standard & custom designs
* Laboratory size equipment

Lab Testing Available
Rental & Lease Machines Available

www.heinkelusa.com I

Tel: 856-467-3399
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Malvern Instruments

pump-discharge flange, the V150E ac-
commodates larger-diameter trans-
fer lines. Its control element is a seg-
mented V-notch ball, which has natural
shearing action that is ideal for slurry
flows. — Emerson Process Manage-
ment, St. Louis, Mo.
WWWw.emerson.com

This size analyzer is intended for
battery designers

The Mastersizer 2000 (photo) laser-
diffraction particle-size analyzer al-
lows comprehensive characterization
of small-sized particles often used in
production of advanced battery elec-
trodes. Designed to be fast and accu-
rate, with a dynamic range of 0.2 to
2,000 pm, the Mastersizer features

consistent sensitivity across this
range. — Malvern Instruments Inc.
Malvern, UK.

www.malvern.com

Monitor particulate emissions
with high accuracy

The Model PM 100 particulate-flow and
emissions-monitoring system provides
continuous realtime and averaged
analysis of particulate emissions for
compliance with U.S. Environmental
Protection Agency (EPA) regulations.
Designed for fabric filters, cyclones
and process particulate flow monitor-
ing, the PM 100 features short- and
long-term averaging, high-accuracy,
low-level monitoring and is compatible
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New Products

with several types of communications
devices. As particles flow near and
around the probe, a small charge is in-
duced, which is processed into an abso-
lute output that is proportional to mass
flow. — Filtersense, Beverly, Mass.
www.filtersense.com

Lower NOx emissions

with this burner

The ECOjet burner is designed for
ultra-low NOx emissions when using
a wide range of gaseous fuels, includ-
ing natural gas, propane, refinery gas,
landfill gases and offgas, as well as lig-
uid fuel oils. The company says each
aspect of the burner was strategically
developed and tested. The burner fea-
tures a staged-gas design to provide
stable flames, and is applicable to
package, industrial and utility boilers
ranging from single- to multiburner
arrangements. The ECOjet is avail-
able in capacities up to 400 MBtu/h,
and can lower NOx emissions to less
than 30 ppm without fluegas recircu-
lation. — Hamworthy Peabody Com-
bustion, Inc., Shelton, Conn.
www.hamworthy-peabody.com

These capacitance probes offer
flexible time delays

ProCap dual-timer capacitance probes
for level detection can be set to react
immediately or with up to a 30-s delay
when they detect a covered or uncov-
ered condition. ProCap probes can be












New Products

MKS Instruments

Modules can be configured in
either two or four rows. — inge
watertechnologies AG, Greifen-
berg, Germany
www.inge.ag

These connections are for

gas & cryogenic applications
This line of connection solutions
for demanding gas and cryogenic
processing applications maintain
safety and performance while
reducing cost through faster fill
times. The connection solutions
comprise high-end flexible hoses
and fittings with anti-whip armor
casing that restricts violent move-
ment during pressure surges, and

pro valves are are available in sizes
from 3/8 to 2 in. The electrical actu-
ator can be assembled to the valve
or sold separately. — Plast-O-Matic
Valves Inc., Cedar Grove, N.J.
www.plastomatic.com

Use this valve in

high-demand applications

The High Cycle Valve (photo) is a
durable vacuum valve designed for
demanding applications where a
long cycle life is critical. The small,
light and durable valve is rated for
10 million cycles, and is available
with an air solenoid for electro-
pneumatic control of the valve. It
features a new formed-stainless-

contains gases in the case of leak-
age. All hoses and fittings in this line
are designed for faster filling and lower
production costs. — Saint-Gobain Per-
formance Plastics, Akron, Ohio
www.saint-gobain.com

This ball valve accepts multiple
input power signals

The electrically actuated Polypro valve
will automatically accept virtually any
input power signal. Designed for both
water and chemical applications, Poly-

steel bellows to prevent outgassing,
virtual leaks and particle entrapment.
The valve is available in angle, inline
and internal-only configurations. —
MKS Instruments, Inc., Andover, Mass.
www.mksinst.com |
Scott Jenkins

LER’

Drums and Containers

Multitasking

The Chemical Engineering bookstore
offers a variety of industry topics
you will come to rely on.

W I t h S y S t e m * Environmental Management:
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and Groundwater Treatment

¢ Fluid Handling

— Lidded drums and drums with bungs, e Gas-Solid and Liquid-Solid Separation
cylindrical and conical ¢ Liquid-Liquid and Gas-Liquid Separation

— Polished surfaces for optimum product

discharge

— GMP pharma standard

e Managing Bulk Solids

17792

— Modular design

Miller GmbH - 79618 Rheinfelden (Germany)

Industrieweg 5 - Tel. +49(0) 76 23/969-0 - Fax +49(0)7623/969-69
A Company of the Miller-Group

info@mueller-gmbh.com - www.mueller-gmbh.com
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Fractionation Column

successful revamps

y first distillation
Mdream occurred about

30 years ago, and yet,
I recall it as vividly as if it
were yesterday. In it, my
distillation-column  design
work started with a vapor-
liquid thermodynamic model
that was widely regarded as
perfect. I had operating data
from ten similar columns.
The feed composition was
precisely known, and there
were no alternative feed-

stocks. The overhead speci-

fication was easy. The bottoms specifi-
cation was easy. After determining the
tray count, I added another 20%. After
determining the column’s cross-sec-
tional area, I added another 20%. The
column started and ran so smoothly
that the plant manager eventually
named his first three children “Mike,”
and two of them were girls.

Few, if any, distillation design engi-
neers have ever had real experiences
like the one of my dream. Very few
plant managers’ daughters are named
Mike. More importantly, a very large
portion of distillation engineering is
revamp work — taking an existing
column and increasing its capacity or
improving the product purities or re-
ducing its energy consumption.

It is never easy for a distillation en-
gineer to take a bottlenecking distilla-
tion column and increase its capacity
by 20% while increasing the product
recovery by 10% and accommodating
three different feedstocks. New con-
tacting equipment, however, has fa-
cilitated such revamps.

Starting around 1970, many new
packings and trays became available.
Fractionation Research, Inc. (FRI) be-
came the proving ground for most of
those new products. Prior to 1980, FRI
issued fifty-three Topical Reports re-
garding trays and only eight Topical Re-
ports regarding packings. Subsequently,
at least half of FRI’s research work was
packing related. As vendors developed
superior random packings and distribu-
tors, FRI validated the vendors’ claims
and illustrated the critical importance

of good initial distributions and the oc-
casional need for redistributions. When
structured packing came onto the scene,
distillation “doubters” worried about
fouling, costs, installations, inspections
and more. Within a few years, however,
trays were removed from the majority of
ethyl-benzene recycle styrene columns,
and structured packings were the new
standard there. Prior to 2000, FRI is-
sued only seven Topical Reports regard-
ing structured packings. Subsequently,
there have been 12.

Trays, however, would not go away.
Augmented crossflow trays were devel-
oped, and then came counterflow trays
and then came cocurrent flow trays.
FRI tested most such trays. Imagine
a contacting device wherein vapor and
liquid streams flow, at least momen-
tarily, in the same direction! FRI tested
those, too. One such tray was tested in
a sleeve, to prevent the FRI operators,
engineers and members from seeing its
highly confidential design.

Some of the new contacting devices
that were tested at FRI performed
below expectations. Those products
were deemphasized or withdrawn from
the marketplace by the product own-
ers. Any plant manager will affirm that
it is better to withdraw a device from
the marketplace than withdraw it from
a failed distillation column. |

Mike Resetarits

Mike Resetarits is the technical director at
FRI (resetarits@fri.org).

FRI is a distillation research consortium
headquartered in Stillwater, Okla.

Each month, Mike shares his first-hand
experience in this column.
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WHO'S WHO

Nakata Hertle

Masaaki Nakata joins Malvern
Instruments Ltd. (Malvern, U.K.)
as regional sales manager for process
systems for Japan and the Asia-
Pacific region.

Engineering and environmental con-
sulting firm GHD (Sydney, Australia)
promotes Chris Hertle to global mar-
ket leader for the water sector.

Total Exploration & Production
(Paris) announces the following:
Michael Borrell becomes senior vice-
president, continental Europe and

Moncrief

Central Asia; Arnaud Breuillac be-
comes senior vice-president, Middle
East; Ladislas Paszkewicz becomes
senior vice-president, Americas; and
Michel Seguin becomes special
advisor to the company president.

Philip Moncrief joins engineering
and IT firm CDI Corp. (Philadelphia)
as senior vice-president and general
manager of the Process & Industrial
Div. in Houston.

Wilmington Machinery (Wilming-
ton, N.C.) appoints Andreas

Stefano Glaser

Lehnhofer director of operations and
product manager for the Injection
Molding Div.

Wayne Devonport, Ph.D., joins
Arkema Emulsion Systems
(Cary, N.C.) as a global coatings
research leader.

Novasep (Pompey, France) names
Stephen Stefano president and CEO
of Novasep North America, and
Patrick Glaser president and CEO of
the Novasep Synthesis Div. [ ]
Suzanne Shelley
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.. Stringent environmental
. . regulations?

Maag Gear Pumps - proven shaft seals for de-
manding fluids

Maag Gear Pumps are equipped with state of the art sea-
ling technology for all types of fluids; from highly volatile
solvents to highly viscous polymer melts. Whatever your
requirements regarding pressure, temperature and visco-
sity, we have the right gear pump for your application.

Please contact:
Maag Pump Systems Inc., NC 28273 Charlotte, USA,
Phone +1 704 716 900, MaagAmericas@maag.com, www.maag.com

Switzerland Dusseldorf, 10/27/2010 - 11/3/2010

China @ . hall 9, stand B05.

Singapore

France

Italy

Germany maag pump systems
Americas
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The heat transfer people
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Fine-tuning Pump
Vibration Diagnostics

Advanced troubleshooting
techniques are required
forlesser-known, yet
consequential, pump
vibration issues

Maki Onari and Paul Boyadijis
Mechanical Solutions Inc.

o unearth the fundamental
causes of vibration-related pump
troubles, pump end-users and
original equipment manufactur-
ers (OEMs) typically have relied on
a concise array of vibration field-test
parameters. Conventional trial-and-
error vibration troubleshooting meth-
ods often fail to achieve the longterm,
trouble-free pump operation sought,
yet they can be time-consuming and
increasingly costly to apply.

Traditional measurements consist of
several vibration readings from the bear-
ing housings and occasional displace-
ment readings from the pump shaft.
They are recorded during both transient
and steady-state operating conditions
of the pump. In approximately 90% of
cases, the source of excessive pump vi-
bration (for instance, rotor imbalance,
misalignment or bearing damage) can
be diagnosed with traditional readings
from the bearing housings.

The residual 10% of pump vibration
problems are more subtle, but can nev-
ertheless generate chronic reliability
issues, such as the premature wear of
bushings and seals, bearing failures,
structural cracks and looseness, cou-
pling failures, and, in extreme cases,
broken shafts. The synchronous excita-
tion of structural natural frequencies
is one relatively common example of
the source of a difficult, chronic, vibra-
tion-induced pump problem. Difficul-
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FIGURE 1. Plots of acceleration of the equipment versus time can be used to inter-
pret pump vibration over relatively long time intervals

ties also can result from sub-synchro-
nous and super-synchronous vibration
issues, which are caused by rubs, fluid
dynamic instabilities, or resonances
with higher-order excitation sources,
such as vane-pass frequency.

Skillful troubleshooting is required
to isolate the pump problem’s source,
and often it can be performed success-
fully by experienced plant personnel.
Alternatively, the OEM or a qualified
consultant can provide experience and
modern tools for identifying and solv-
ing pump vibration problems.

Examples of the advanced tools that
can help resolve pump vibration prob-
lems include analysis of vibration-ver-
sus-time plots and orbit plots, as well as
vibration-versus-time trending and vi-
bration-versus-frequency analysis (fast
Fourier transform; FFT). Additional
high-level analysis techniques also are
used, such as operating deflection shapes
(ODS) and experimental modal analy-
sis (EMA), or “bump” testing, combined
with finite element analysis (FEA).

When combined with FEA, vibration
testing creates an outstanding toolset,
and becomes especially valuable when
good engineering judgment and expe-
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rience alone have not been successful
in the diagnosis and correction of vi-
bration problems in centrifugal pumps
and other types of turbomachinery.
When properly applied, the ODS and
FEA toolset has an outstanding track
record of rapidly diagnosing and solv-
ing machinery-vibration problems.
Testing and analysis costs are negligi-
ble compared to the net expenditures
from repeatedly rebuilding damaged
machinery components and from the
associated downtime of the plant.

VIBRATION MEASUREMENT
Excessive vibration in rotating machin-
ery is a frequent problem in a wide range
of facilities, from power plants and petro-
leum refineries to pumping stations and
wastewater treatment plants. Excessive
vibration can waste energy through the
wear of internal seals, as well as cause
noise, environmental damage and physi-
cal danger because of exterior seal fail-
ures. Acute vibration levels ultimately
can lead to catastrophic malfunction of
costly rotating machines.

Aided by specialized instrumenta-
tion, the amplitude of vibration at key
frequencies in rotating machinery can



Autospectrum (Signal 4) — Mark 1
Working: ODS_1: Input: FFT analyzer

FIGURE 2. The scale of the vibration amplitude can be depicted either linearly (top
graph) or logarithmically (bottom graph). Logarithmic scales often amplify broadband
floor-noise to indicate key information for troubleshooting

be measured and recorded. With a fun-
damental understanding of vibration
theory, these data can be used to char-
acterize the “health” of the equipment,
and can help suggest which corrective
actions should be instituted.

Vibration fundamentals

In general, any mass with elasticity
is capable of vibrating. Vibration can
be classified as either free or forced
vibration. Free vibration occurs when
a system oscillates freely after a previ-
ously applied excitation, while forced
vibration occurs when external forces
excite the system. When the frequency
of the external force coincides with the
natural frequency of the system, reso-
nance results. Resonance causes the
system to vibrate with elevated ampli-
tude, and should therefore be avoided.

Measuring machine vibration

Whether performing vibration mea-
surements for routine condition moni-
toring or for specialized troubleshoot-
ing, the instrumentation required to
collect the data depends on the appli-

cation, the location and the purpose.
For example, eddy-current proximity
probes are used to measure shaft vi-
bration in terms of the displacement
response relative to the bearing hous-
ing, and provide data in units of mils
(0.001 in.) or microns (pm). Velocity
sensors are used to measure vibration
in terms of the velocity response in
units of inches per second or millime-
ters per second.

To measure vibration on the equip-
ment bearing housings and casings,
piezoelectric accelerometers typically
are used. These transducers measure
absolute vibration in terms of the accel-
eration response, often in units of g (av-
erage acceleration due to Earth’s grav-
ity). They can cover a wide frequency
range, typically in excess of 10 kHz,
and have resonant frequencies on the
order of 50 kHz. Modern accelerometers
are designed to reliably measure low-
frequency vibration response down to 1
Hz, and in special cases, below 1 Hz.

When calculating the vibration re-
sponse in terms of velocity or displace-

ment, however, the measured accelera-
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ing cap or on a bracket that is located
adjacent to the housing. These sensors
are powered through a “proximitor”
box which also converts the direct cur-
rent (d.c.) output voltage into displace-
ment measurements. Accelerometers
usually are available with magnetic
mounting bases for temporary use,
but also could be thread-mounted to
the pump casing with a stud of the ap-
propriate thread size. For temporary
use on non-magnetic surfaces, such as
concrete, plastic, aluminum, or aus-
tenitic steels, the accelerometers can
be mounted with an appropriate wax
for relatively low-temperature ap-
plications, and with an epoxy for ap-
plications the are moderately above
ambient temperature. Hand-held
attachments also can produce good
results if performed by a properly ex-
perienced technician and if taken at
the same location on the equipment
each time. To avoid grounding issues
between the pump casing and the
data analyzer, accelerometers always
should be isolated electrically.
Accelerometers vary in construction
in accordance with the applications
for which they have been designed.
For example, in high-temperature ac-
celerometers, the signal conditioning
electronics are located remotely from
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Working: Prox2_AC: Input: FFT analyzer
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FIGURE 4. Orbit plots display the radial 2-D motion of the shaft center
of a machine. They are based on vibration data that have been recorded

on the bearing housing

rubbing or cavitation are suspected.
The time trace allows the analyst to
identify particular events that are re-
lated to nearly instantaneous changes
in the process or system, including
events such as cavitation phenomena,
which appear as discrete “spikes” in
the continuous data signal.

When the vibration event occurs
periodically over time as a function of
the rotational speed, FFT plots gener-
ally are more useful in investigating
test data. Experimental modal analy-
sis is a notable exception to be dis-
cussed later. These frequency spectra
are calculated in the signal analyzer
during the steady-state operation of
the pump. The signal analyzer linearly
averages a large number of vibration
samples, with each sample covering
a relatively short period of time (on
the order of a second), depending on
the frequency range and the number
of lines in the spectrum. The spectra
allow the analyst to identify the pre-
dominant vibration peaks or discrete
vibration in terms of the amplitudes
and the frequencies at which they
occur. Simultaneously, the overall vi-
bration level can be calculated, which
equals the square root of the sum of
the square (SRSS) of each discrete
vibration amplitude within the fre-
quency span of interest.

During predictive maintenance and
most diagnostic procedures, the ampli-
tudes of the discrete peaks, as well as
the overall vibration levels, are com-
pared with specification limits that
have been developed by the OEMs or

end users as guidelines. These limits
establish the levels that identify when
the pump or the driver has reached a
condition in which the internal compo-
nents can be damaged. The purpose of
the vibration specifications is to pro-
tect the equipment, and to provide a
consistent standard against which the
end user, the OEM and the consulting
companies can define reasonable ac-
ceptance criteria for pumps.

Acceptance limits that are too loose
could result in damaged machinery,
while limits that are too restrictive
are unnecessarily costly to implement
because they suggest the need to mod-
ify or to replace machine components
prematurely. The vibration ampli-
tude output that is available directly
from the accelerometers is provided
in units of g’s of acceleration at peak
amplitude, or alternatively, in units
of g’s rms (root-mean-square). The re-
lationship between the rms, the peak
and the peak-to-peak amplitudes for
a sinusoid are shown in Table 1. End
users in the Americas may be more fa-
miliar with velocity measurements in
units of inches per second peak.

The scale of the vibration amplitude
can be presented linearly or logarith-
mically. Linear amplitude scale is used
by most vibration analysts, where the
discrete vibration peaks are shown
isolated with typically flat floor-noise
across the frequency span (Figure 2).
However, a logarithmic scale often will
“inflate” the broadband floor-noise to
reveal key information that could be
important when troubleshooting to

identify, for example, structural natu-
ral frequencies.

The two graphs in Figure 2 present
the same FFT data, but the lower graph
displays the data with a logarithmic
scale, and therefore is able to empha-
size the structural natural frequencies
clearly. Moreover, this key information
can be curve-fit by the analyst to deter-
mine the amplification factor at the nat-
ural frequency, and to calculate the sep-
aration margin from excitation sources
of the pump (for example, the 1x funda-
mental harmonic of running speed, 2x
rpm, and vane pass frequency).

In addition to the FFT spectra,
several other specialized methods of
plotting vibration test data also are
used to help troubleshoot pump vi-
bration problems. Waterfall plots are
3-D graphs that display a “family” of
FFT spectra along a third axis repre-
senting time, or in some cases, speed
change (Figure 3). Trend plots show
either the vibration amplitude at any
given frequency, or the overall vibra-
tion level, plotted in either case along
the time axis. Another practical tech-
nique to plot pump vibration test data,
the orbit plot, is based on the vibra-
tion readings from a pair of proximity
probes that have been installed on the
bearing housing to monitor the move-
ment of the shaft. The probes have
been positioned in two orthogonal di-
rections such that the polar cross-plot
in time can describe the motion of the
shaft center (Figure 4).

VIBRATION TEST PRACTICE
Pump end-users frequently have sought
satisfactory solutions to chronic pump
vibration problems through trial-and-
error methods, such as implementing
basic structural modifications, or the
progressive reduction of balance toler-
ances on the rotors. These approaches
are time-consuming and cumulatively
expensive, yet often they still fail to
help end-users achieve trouble-free
pump operation over the long term.

To successfully resolve pump vibra-
tion issues, a detailed analysis of the
underlying mechanism of the vibra-
tion problem is needed. This can best
be accomplished by developing a fi-
nite element analysis (FEA) model of
the pump system, and by calibrating
that pump system’s FEA model with
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TABLE 1. THE RELATIONSHIPS AMONG THE
VARIOUS FEATURES OF A SINUSOID CURVE
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The 3-D ODS model is created with
purpose-specific CAD software by lay-
ing out the various sub-structures
that represent key components within
the pump system. These components
include the motor, the pump bearing
housings, the pump casing, the base-
plate, the foundation, the floor, and for
vertical turbine pumps, the discharge
head and the column pipe. Each sub-
structure is defined by sets of geomet-
ric points, lines and surfaces, which
follow data that include the measured
sketches that were made at the test
site, the pump OEM’s pump draw-
ings, and the construction drawings.
Although the ODS model will have
a level of detail to show the relevant
features of the test subject, it does not
require the dense mesh of a finite ele-
ment model because it is not a com-
putational model. Therefore, the ODS
model often will appear coarse when
compared directly with a finite ele-
ment model of the identical subject.

Once the ODS testing has been com-
pleted, each of the recorded vibration
measurements is exported to the ODS
computer software. Within the soft-
ware, each vibration data point that
has been recorded onsite is stored in
a database called the data block. The
data block is structured according to
point number versus frequency, ampli-
tude and phase angle with respect to
the reference accelerometer for each
data point. Each point number is as-
sociated with a unique combination
of location and reference direction.
The data block is assigned to the 3-D
CAD model of the pump system while
the consistency of the data point loca-
tions and the reference orientations
(lateral, vertical and longitudinal) is
maintained. Once the field test data

points have been mapped to the 3-D
CAD model of the pump system, inter-
polation equations are applied to each
substructure or group of substructures
within the model. This action assigns
relative motion to those points in the
model that are not associated with ac-
tual test-data points. In this manner,
each component or substructure of the
3-D CAD model will have an indepen-
dent, self-defined motion.

After this procedure has been com-
pleted, the ODS model of the pump
system can be animated to display the
set of vibration test data at any given
frequency that was recorded. That is,
the resulting animations will describe
in exaggerated, yet consistently scaled
motion, the pump system’s vibration
response at each of the selected fre-
quencies. The visual display of the test
data will enable the viewer to identify
features of interest, such as the least
stiff region of the pump structure, and
the complex interaction of the moving
components that occurs for the vari-
ous mode shapes of the assembly. Fig-
ure 7 is a still image from an ODS ani-
mation of pump vibration-test data,
which show how the pump rocked at
running speed in a direction that was
parallel to the discharge pipe.

From the field test data, the high-
est discrete vibration amplitudes al-
ready will have been detected at key
frequencies, which usually are the
excitation sources. Examples of these
frequencies and the typical sources of
excitation that correspond to them in-
clude one times the running speed (1x
rpm) for imbalance, 2x rpm for mis-
alignment, the impeller vane-pass fre-
quency (VPF), the diffuser vane-pass
frequency, the gear-mesh frequency
(GMF) when gears are part of the sys-

FIGURE 6. Signal analyzers display raw vibration data as continuous si-
nusoidal plots. Relationships among the curve features are established

tem, and the subsynchronous peaks
for shaft rubbing or rotating stall.
Typically it is best to begin reviewing
the test data with the ODS model at
the running speed of the pump.

If an excitation frequency source fell
close to a natural frequency, the ODS
animation at this frequency would de-
scribe an approximate mode shape of
that natural frequency. Traditionally,
vibration modes that have been clearly
identifiable from their shapes include
the first, second and third bending
modes of long cantilever structures,
the horizontal- and axial-rocking-rigid
body modes, vertical bouncing modes,
and torsional modes.

Typically, two relatively straightfor-
ward techniques are used to increase
the separation margin between the
frequency of the excitation source and
the structural natural frequency. One
alternative is to increase or decrease
the stiffness of the system to shift the
natural frequency upward or down-
ward, respectively. The other alterna-
tive is to add mass to the system to
lower the offending natural frequency.
In order to avoid the use of a “trial
and error” process to detune a natu-
ral frequency in this manner, the FEA
analysis approach, described later, is
considered an excellent tool.

Experimental modal analysis

Similar in some respects to ODS test-
ing at non-synchronous frequencies,
EMA is a type of “impulse-response”
test to establish the structural natu-
ral frequencies and the mode shapes
of the pump system by using an in-
strumented hammer instead of the
natural excitation of the pump. There-
fore, the response of the machinery is
measured through the accelerometers

CHEMICAL ENGINEERING WWW.CHE.COM AUGUST 2010 29






mains of many small, well understood parts or elements, the
finite element method enables the often complex responses
of structures to be simulated consistently and accurately.
Breaking up a structure’s geometry into typically thousands
of such elements is known as the mesh discretization pro-
cess, and commercially available, off-the-shelf FEA software
codes continually offer increased degrees of automation of
this procedure. Within practical limits, the finer the break-
up of the structure, the more accurate the results of the
FEA can be. FEA software offers catalogs of widely varied
element types to model different structural features. For
example, shell elements often are used to model large di-
ameter, thin-walled structures, such as pump columns and
discharge heads. Beam elements, where detailed cross-sec-
tional properties are entered, can be used for shafts, piping
or struts. Mass and spring elements frequently are used to
model impellers and bearing stiffnesses, respectively.

The stiffness matrices of simple rectangular elements
with four corner nodes in the case of a 2-D shell element, or
with eight corner nodes in the case of a 3-D brick element,
are well understood mathematically. The connection of the
elements at the node points allows for overall stiffness and
mass matrices to be created that represent the entire struc-
ture. Using numerical methods that include matrix inver-
sions, equations of these large matrices are solved by the
FEA code transparently to the user. The form of the results
is germane to the type of FEA that has been performed. For
example, in the case of a modal analysis, the output will
include a listing of the natural frequencies along with the
corresponding mode shapes for each frequency. Graphical
processing of the FEA results is common, and it enables the
complex interaction of different components within a pump
system to be visualized with relative ease. |
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* Time-averaged pulse (TAP) is a trademark of Mechanical Solutions Inc. (MSI)
[Editor’s note: To see case studies on pump vibration

troubleshooting and a “Further reading” list, view the online
version of this article at www.che.com]

Authors

Maki M. Onari is the manager of turbomachinery test-
ing at Mechanical Solutions Inc. (MSI; 11 Apollo Drive,
Whippany, NJ 07981; Phone: 973-326-9920; Email: maki.
onari@mechsol.com). He is responsible for field vibra-
tion testing involving ODS and modal analysis. His ca-
reer spans more than 12 years, primarily working with
rotating equipment analysis and troubleshooting in the
petrochemical, petroleum refining and power generation
industries. Prior to joining MSI, Onari was a rotating
equipment engineer in PDVSA-Venezuela responsible
for the predictive maintenance of one of the largest pet-
rochemical complexes in Latin America. Onari received
a B.S. degree in mechanical engineering in 1996 from the Zulia University
in Venezuela. He is a member of ASME and the ISO TC108/S2 Standards
Committee for Machinery Vibration.

Paul A. Boyadjis is the manager of turbomachinery
analysis at MSI (same postal address as above; Phone:
973-326-9920; Email: paul.boyadjis@mechsol.com). He
has nearly 25 years of diverse experience in the analysis
and design of rotating equipment. His specialty includes
complex 3-D solids modeling of pump and compressor
casings and rotating assemblies, and the performance
of stress and vibration analysis using advanced finite-
element techniques. Boyadjis has worked as a lead ana-
Iytical engineer for major compressor and pump manu-
facturers such as Ingersoll-Rand, Ingersoll-Dresser
Pump and Flowserve Corp. Boyadjis holds B.S. and M.S.
degrees in mechanical engineering from Lehigh University. He is a member
of the API Machinery Standards Committee and a Standards Partner of
the Hydraulic Institute.

www.altana.com

Our business is

Service

At ALTANA, service starts with getting to know exactly
what our customers’ goals and specific requirements are.
We engage in permanent dialog with them to implement
forward-looking solutions.

Specialty chemicals are our business. A business we pursue
with passion and dedication in more than 100 countries.
Four specialized divisions work together to ensure that
ALTANA's unrivalled competence and service excellence
continue to improve and expand. With a clear vision of
what our customers expect of us, it is our ambition at all
times to develop solutions that turn opportunities into
future reality.

© BYK

Additives & Instruments

© ECKART

Effect Pigments

© ELANTAS

Electrical Insulation

© ACTEGA

Coatings & Sealants

O ALTANA

Circle 3 on p. 50 or go to adlinks.che.com/29253-03
CHEMICAL ENGINEERING WWW.CHE.COM AUGUST 2010 31
















Feature Report

(A) traversed on the titration curve
[6]. It is important that data are used
rather than the plot from a labora-
tory titrator, that there be at least five
data points in the control region, and
finally that the x-axis be converted to
a ratio of reagent to feed flow.

Concentration and feed distur-
bances are amplified by the process
gain just as the disturbance from valve
resolution was in Figure 5. Similarly,
the variability in reagent concentra-
tion from non-ideal mixing is ampli-
fied. The smoothing of oscillations and
fluctuations is inversely proportional
to the residence time of a well mixed
volume. The attenuated amplitude per
Equation (1) must be translated from
the x-axis (ratio of reagent to feed flow)
to an amplitude on the y-axis (pH) of
the titration curve to include the effect
of the nonlinear process gain [6].

T

A°_Aix2><7r><fp (W
Where:

A; is the amplitude of input oscillation
into volume (reagent to influent ratio)
A, is the amplitude of output oscilla-
tion from volume (reagent to influent
ratio)

T, is the period of oscillation, minutes
7, is the process time constant from

P
mixing (residence time), minutes

Mixing and injection delays

A controller cannot compensate for a
disturbance until it sees the change
in pH and can get the reagent into
the process at the same point as the
disturbance. The total loop deadtime
involved in the observation and com-
pensation can be approximated as the
sum of delays and small lags in the
loop. This sum should include sample
transport delay, electrode lag, trans-
mitter lag and update delay, DCS
execution time delay, DCS filter lag,
control valve delay and lag, injection
delay, and mixing delay and lag. The
injection delay that occurs when a
reagent valve opens or closes is often
the largest and most insidious source
of loop deadtime [6]. This injection
delay can be approximated as the
dip tube and piping volume between
the injection point and the reagent
valve divided by the reagent flow.
The error from a process disturbance

FIGURE 6. A software screenshot shows the health status of the pH-sensor in a
process. These variables can be historized to see longterm trends

after control action is proportional to
the total loop deadtime. An extremely
effective strategy to minimize the
amount of process nonlinearity is to
minimize the loop deadtime [6, 7]. In
other words, loops with minimal dead-
time and well-tuned controllers keep
the pH close to the setpoint. On the
other hand, poor pH-system designs
exhibit larger excursions on the titra-
tion curve and changes in process gain
that make the problem worse.

Control solutions

Traditional solutions. The classi-
cal solution was to have a large, well-
mixed vessel for every 2 pH units of
the feed pH from the setpoint. For a
feed around 2 pH or 12 pH, three well-
mixed vessels in series were used.
For the 2 pH case, the setpoints of
the vessels were 4, 6, and 7 pH. The
first vessel typically had the largest
volume to cross neutralize the influ-
ent and the largest control valve to
provide a coarse adjustment to move
the pH most of the distance along the
flatter part of the titration curve. The
last vessel had the smallest volume
and smallest control valve to provide
a trim adjustment. The volumes were
designed to be significantly different
in size to prevent the resonance of os-
cillations since the natural frequency
of the loop was thought to be mostly
dependent on volume. These vessels
had a large capital cost and footprint,
and were prone to large and slow oscil-
lations — from the limit cycle of the
large valve on the first volume — that
were not effectively smoothed by the
last volume.
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Alternative system solutions. Today,
inline pH-control systems followed
by a moderately mixed volume are
used to reduce cost and space needs
[6-8]. These inline control systems use
pumps, piping fittings and static mix-
ers to provide coarse mixing. Inline
control systems have a much faster re-
sponse and period of oscillation than a
vessel control system. The downstream
volume provides the needed attenua-
tion per Equation (1). Signal charac-
terization that translates the loop’s
controlled variable from pH to reagent
demand (x-axis of the titration curve)
is used to suppress reaction to mixing
noise and to help the controller recog-
nize the true distance of the incoming
pH to the setpoint in terms of reagent
addition [6-8].

MAINTENANCE

As we can see, the overall pH per-
formance is a fine balance of many
variables, and maintenance is one of
them. The burden of maintenance is a
challenge that should not be underes-
timated. The pH sensors have a finite
life — both storage and service-life. The
sensor performance depends on the
process conditions as well as on proper
maintenance and installation. Routine
maintenance usually boils down to
cleaning with water, and a two-buffer
calibration check. Ifthe coating is acidic,
the use of a weak caustic solution (<4%
NaOH) is recommended. If it’s alkaline
or a scale-coating, then vinegar or ~5%
HCI can help. Oil, grease and organic
compounds can be taken away by using
off-the-shelf detergents or organic sol-
vents that are compatible with the sen-



FIGURE 7. Actual trend recording of a single-use-bioreactor batch shows that a
wireless transmitter did not show the noise spike seen by the wired transmitter, and
the wireless control of the batch is within 0.001 pH despite a reduction in the number
of communications by 60% to increase battery life

sor body materials. Monitoring the pH-
sensor diagnostic parameters is very
helpful for predictive maintenance. For
instance, glass impedance can indicate
if the glass is broken, coated or spent.
The reference offset and reference im-
pedance can indicate coating and or
plugging. The pH span and offset can
reflect the sensitivity and number of
the standardizations. The low level of
the pH signal makes it susceptible to
noise. Installation of the sensor in close
proximity to air conditioners, pumps,
agitators, mixers and motors can result
in electromagnetic interference. Piping
material can make a difference in pH
measurements. It's well known that
metal pipes have far less problems with
grounding than plastic ones or metal
pipes with a plastic lining. Correct wir-
ing and proper cabling also fall under
the category of maintenance. Interest-
ingly, some locations or installations for
pH monitoring can be cost-prohibitive
due only to the wiring. The cost to run
the cables all over the plant or to a re-
mote location can be excessive.

RECENT ADVANCES
Recent developments in sensor and
transmitter intelligence and commu-
nication are an indication of the fu-
ture trend of pH measurements to be
smarter and more portable.

Embedded memory chips
Looking forward, it’s becomes appar-
ent that sensors with an embedded

memory chip are gaining more popu-
larity. Advanced diagnostics offer un-
disputable advantages to the plant op-
eration. The pH sensor that can carry
the factory calibration, serial number
and several diagnostics data can ease
the maintenance burden. First of all,
this smart sensor does not need buffer
calibration at the installation point. It
means that the service engineer does
not need to carry the buffers, beakers
and rinse water to the place where
the sensor is installed. It really makes
sense if you are in unfriendly environ-
mental conditions, such as rain, snow
or blazing sun. The calibration can be
done in the laboratory and can be re-
motely or locally digitally accessible
after installation. Since the sensor
has an embedded factory calibration,
the instrument can always be reset to
the default calibration, without any
special efforts. Furthermore, several
diagnostic data sets and time stamps
stored on the memory chip make it
easy to see the trend of the diagnos-
tics data (Table 1). Until recently, this
historization was possible only by
manual data logging.

Wireless transmitters

Wireless signal transmission is tak-
ing pH sensors even further. Having
advanced diagnostics stored inside
the sensor and being able to transmit
them wirelessly from the analyzer is a
big step forward. It eliminates the need
of wiring the transmitters to the main

control room. The pH measurement
can be wirelessly transmitted from
the most difficult and remote location
to a main computer. Sensor designs
can be tested, and data for in-process
samples can be communicated to the
control system without any wiring.
Sensors proven in laboratory tests can
be installed in the process without any
wiring. The sensors can also be read-
ily moved, based on field results, to a
location that minimizes fluctuations
from imperfect mixing and process-
transportation time delay. The sensor
health can be monitored remotely, and
the maintenance trips can be sched-
uled in accordance with diagnostic’s re-
cords, as shown in Figure 6. It can save
many dollars to the end user because
needless maintenance can be avoided
and catastrophic failure prevented.
Wireless control. A simple enhance-
ment to the PID control algorithm
has been developed, which combined
with the WirelessHART communica-
tion rules can reduce the number of
communications by an order of mag-
nitude, thereby dramatically increas-
ing battery life [9]. The communica-
tion rules provide a transmission of
signal in the schedule time slot set
up by the network manager, only if
the difference between the new mea-
sured value and the last transmitted
value exceeds a sensitivity limit, or
the elapsed time since the last trans-
mission exceeds a refresh time. The
transmitter continues to measure the
process at a fast rate but will trans-
mit faster than the periodic reporting
set by the refresh time on an excep-
tion basis set by the sensitivity limit.
The optimum sensitivity setting
should be larger than the maximum
amplitude of measurement noise and
larger than the resolution of the con-
trol valve multiplied by the process
gain, but less than the minimum al-
lowable deviation from setpoint [9].
The enhanced PID algorithm keeps
the controller execution fast, to pro-
vide an immediate response to set-
point changes and fast disturbances
via proportional feedback and feed-
forward control. The integral mode
is only executed when there is a new
value of the measurement. The inte-
gral contribution uses the external
reset-mechanism and dynamic-reset
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limiting that has been found to be im-
portant for cascade control. The reset
time is set equal to the process time
constant, and the contribution to the
reset mode is based on the elapsed
time since the last updated measure-
ment to provide a correction that
matches the time response of the pro-
cess. The derivative mode only makes
a change in the controller output if
there is an update and computes the
rate of change based on the elapsed
time from the last update rather than
the execution time of the controller.
Thus, integral and derivative action
only occurs when there is a measure-
ment update. Figure 7 shows how the
new communication rules and en-
hanced PID provided tight control of
a single-use-bioreactor batch, while
increasing battery life and ignoring a
spike from ground noise [9].

In control studies, the PID enhance-
ments improved the stability for any
control system whenever there was a

FIGURE 8. The enhanced, wireless PID performance (bottom row) has value be-
yond wireless operation by providing tighter and more stable control of processes
with significant measurement delays from at-line analyzers. The Lambda factor is
used for computing controller gain, and is inversely proportional to it

significant measurement-time delay.
Figure 8 for a generic self-regulating
(continuous) process, dominated by a
large time delay, shows that the PID
enhancement eliminates oscillations.
This technological advancement in the
PID for all loops is a fall out of maxi-

mizing the utility of the new wireless
technology [9].The wireless communi-
cation and advanced diagnostics are
taking us into the future of not only
pH measurement and maintenance,
but also the overall approach of run-
ning the plant.

Ultrameter lI™

bluDock™ Wireless
D Data Transfer (optional)

LSl and Hardness
Calculator

Circle 19 on p. 50 or go to adlinks.che.com/29253-19
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Embedded process models

Dynamic models of the pH system will
be embedded with prototypes of the
control system in the DCS to provide a
more efficient process design. In a recent
example, the capital cost was reduced
by 50% for neutralization of the regen-
eration effluent from a demineralized
water system [9]. These embedded mod-
els will also be put online and adapted
to provide better signal characteriza-
tion and inferential measurements of
influent composition for feedforward

control and inferential measurement of
pH as a third signal for middle signal
selection. An application of an adapted
embedded model for a RCRA (Resource
Conservation and Recovery Act) waste
neutralization system in a chemical
intermediates plant demonstrated the
concept and provided reagent savings of
$100,000/yr [10]. In both cases, the key
to model fidelity was matching the pro-
cess gain (titration curve slope) of the
model to the plant. [ |

Edited by Dorothy Lozowski
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lows for greater control of
product quality and inven-
tory control of materials.
Material can be conveyed
from drums, bags or super
sacks. Complete systems
are custom designed for the
specific needs of each appli-
cation. — Vac-U-Max, Bel-
leville, N.J.

www.vac-u-max.com

High accuracies in
weighing and feeding
When higher accuracy is
required in measuring

pass through the system to
the load cell while blocking
out all other nuisance, erro-
neous or destructive force-
vector components. By pro-
viding mass counterbalance
of tare weight, the FMSS is
said to create a superior sig-
nal-to-noise ratio in weight
sensing that allows for pre-
cise realtime measurements
that are not possible with
standard scales: allowing for
accurate weighing at speeds
in excess of 500—600 ft/min,
in conveyor-belt-scale appli-

weight using conveyor belt
scales, weigh belt feeders,
and loss-in-weight feeders, the Force
Measurement Suspension System
(FMSS) has proven effective in high-
speed, high-volume to low-density, low
rate applications where control quality
and productivity are critical (photo).
The FMSS is the arrangement of ac-

Thayer Scale-Hyer Industries

tive mechanical elements interposed
between the load receptor, such as a
platform, hopper or belt, and the load
cell. In this way, the FMSS functions
as a force-vector filter that permits
the sum of the chosen unidirectional
force components (material weight) to

cations. The FMSS is avail-
able in a number of capacity
ranges and configurations to suit the
particular needs of continuous weigh-
ing and feeding equipment. — Thayer
Scale-Hyer Industries, Inc., Pembroke,
Mass.

www.thayerscale.com |
Rebekkah Marshall

Circle 4 on p. 50 or go to adlinks.che.com/29253-04
44 CHEMICAL ENGINEERING WWW.CHE.COM AUGUST 2010

Raymond® & Bartlett-Snow™
Thermal Equipment & Systems

Raymond® and Bartlett-Snow™
products have been success-
fully providing solutions for
thermal process applications
involving chemical, petro-
chemical, ceramic, magnetic,
metals, food, fertilizer, plastic,
industrial solid waste and
nuclear industries. For over a
century, we have provided
innovative and dependable
equipment and systems for

the changing needs of these industries worldwide.

Rotary Calciners
Rotary Dryers
Rotary Coolers
Rotary Kilns
Flash Dryers

ALSTOM

Air Preheater Company
Bartlett-Snow Thermal Products

4525 Weaver Pkwy, Warrenville, IL 60555
Toll free: 877.661.5509

Tel: 630.393.1000 * Fax: 630.393.1001
Email: info@airpreheatercompany.com

www.bartlettsnow.com
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PRODUCT sHOWCASE

Protect pressure or vacuum
instruments from clogging,
corrosion and damage.

Compact and Economical, Plast-0-Matic
Gauge Guards prevent dangerous leaks and
allow dependable instrument readings from
full vacuum to 250 psi.

e PTFE or FKM
diaphragms.

e PVC, Polypro or
PVDF bodies.

¢ Available with
or without
gauges.

* Gauge
Shiel%s for

harsh environments.

ERE,
q

TRUE e-

PLAST-O-MATIC VALVES, INC.
CEDAR GROVE, NJ 07009
(973) 256-3000 e Fax: (973) 256-4745
www.plastomatic.com ¢ info@plastomatic.com

Circle 201 on p. 50 or go to
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High Pressure
Silencers

Simple yet effective diffuser
silencing

Suitable for high pressure, high
temperature steam and gas

Compact size and weight
Non Clogging
Minimum supporting requirement

Model
D800
Silencer

CU Services LLC

725 Parkview Cir, Elk Grove, IL 60007
Ph 847-439-2303 rcronfel@cuservices.net

WWW.cuservices.net
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Buy Our Filter . ..
Protect the Future

Protect natural habitats and
environments by utilizing our
filters to help eliminate the
release of toxic materials.

A portion of every order that
is placed with Midwesco® in
2010 will be donated to non-
proft organizations to fight
against climate change.

Call today to schedule a free

collector coaching session!
800.336.7300

midwescofilter.com/products.aspx

“We Take The Dust Out of Industry!™*

| THINK GREEN—THINK PULSAIR |

Pulsair Chemical and Wastewater
Mixing Systems efficiently mix aeration
tanks, anoxic basins, sludge tanks, and
chemical tanks using up to 75% Less
Energy than conventional mechanical
mixers...and there are no immersed
impellors, shafts, gears, seals or any
other moving parts in the tank.

PULSAIR
The Fastest, Most Efficient Low Shear
Mixing System Available Today!

®

For information on the Pulsair Automated
Mixing System best for your application,
Call 800-582-7797 Email sales@pulsair.com
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Technologies

With simultaneous
detection and display of all
five elements, the BWB XP
is the most important
advance in flame
photometry for 100 years.

No costly accessories
required... just add gas!

Visit our website or call
today to find out more!
www.bwbtech.com
International

+ 44 (0)1787 273 451
The America's

800 608 9870
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Intelligen Suite

The Market-Leading Engineering Suite for Modeling, Evaluation,
Scheduling, and Debottlenecking of Single & Multi-Product Facilities

sSuperPro SchedulePro

Recipe D®
Use SuperPro Designer to model, evaluate, and Switch to SchedulePro to schedule, model,
debottleneck batch and continuous processes and debottleneck multi-product facilities
Tracking of equipment occupancy Tracking demand for resources Inventory tracking for raw materials,
in multi-product facilities (e.g., labor, materials, utilities, etc.) intermediates, products, and wastes

SuperPro Designer is a comprehensive process simulator that facilitates modeling, cost analysis, debottlenecking, cycle time
reduction, and environmental impact assessment of biochemical, specialty chemical, pharmaceutical (bulk & fine), food, consumer
product, mineral processing, water purification, wastewater treatment, and related processes. Its development was initiated at the
Massachusetts Institute of Technology (MIT). SuperPro is already in use at more than 400 companies and 500 universities around
the world (including 18 of the top 20 pharmaceutical companies and 9 of the top 10 biopharmaceutical companies).

SchedulePro is a versdtile finite capacity scheduling tool that generates feasible production schedules for multi-product facilities that
do not violate constraints related to the limited availability of facilities, equipment, resources and work areas. It can be used in
conjunction with SuperPro (by importing its recipes) or independently (by creating recipes directly in SchedulePro). Any industry
that manufactures multiple products by sharing production lines and resources can benefit from the use of SchedulePro. Engineering
companies use it as a modeling tool to size ufilities for batch plants, identify equipment requirements, reduce cycle times, and
debottleneck facilities.
Circle 240 on p. 50 or go to adlinks.che.com/29253-240
Visit our website to download detailed product literature
and functional evaluation versions of our tools

INTELLIGEN, INC. e 2326 Morse Avenue ® Scotch Plains, NJ 07076 e USA
Tel: (908) 654-0088 » Fax: (908) 654-3866
Email: info@intelligen.com ¢ Website: www.intelligen.com
Intelligen also has offices in Europe and representatives in countries around the world
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For more information on
classified advertising,

please contact:
Helene Hicks

Tel: 212.621.4958
Fax: 212.621.4976
email: hhicks@che.com

NEW & USED EQUIPMENT

EQUIPNET

FILTER PRESSES
Shriver ¢ JWI e« Komline ® Sperry
Recessed and Plate & frame designs

PARTS SERVICE CENTER
Plates: Poly e Alum & ClI
Filter cloth and paper
Side bars ® Hydraulic cylinders
GET CONNEGTED TODAY [ ioasismiaiossbupninndmd

E-mail: larry@averyfilter.com
www.averyfilter.com

www.EquipNet.com/chemical :: 781.821.3482 :: Sales@EquipNet.com

Quality Pre-Owned Reactors in

Hastelloy, Stainless Steel & Glass Lined Steel

» 251237« Unused Pfaudler 8,000 Gallon Glass Lined Reactor
265155« 6000 Gallon 316 Stainless Steel Half Pipe Coil Jacketed Reactor
199570« 1999 Alloy Fab 2500 Gallon Hastelloy C-276 Reactor
200170« Pfaudler 1000 Gallon Glass Lined Reactor - Year 2004
88419 « Pfaudler RA-48 Series 500 Gallon Glass Lined Reactor - Year 2002
233664 - 18 Gallon Hastelloy C276 Kilo Lab Reactor System

WABASH SELLS & RENTS
Boilers

20,000 - 400,000 #/Hr.

Diesel & Turbine Generators
50 - 25,000 KW
Gears & Turbines
25 - 4000 HP

We stock large inventories of:

Air Pre-Heaters ¢ Economizers ¢ Deaerators
Pumps ® Motors e Fuel Oil Heating and Pump Sets
Valves ¢ Tubes ¢ Controls ® Compressors
Pulverizers ¢ Rental Boilers & Generators
24/7 Fast Emergency Service
800-704-2002
Phone: 847-541-5600 Fax: 847-541-1279
www.wabashpower.com

WabaSh POWER EQUIPMENT CO.

444 Carpenter Ave., Wheeling, IL 60090
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CENTRIFUGE GEARBOXES

Parts & Service for: o Bird
¢ Alfa-Laval
¢ Sharples

WHER

A Revolution in Gear Box Technologies
(515) 266-8225
Fax (515) 266-5676

E-mail: sales@revtechlc.com
Web Site: www.revtechlc.com

NEW & USED EQUIPMENT

NOISE MEASUREMENT, ASSESSMENT, AND CONTROL + COMPUTER NOISE MODELING

ADVERTISE IN
THE CLASSIFIED
Contact Helene Hicks

Tel: 212-621-4958
Fax: 212-621-4976 T —————

" PLANT NOISE CONTOURS.

HOUSTON, TEXAS | CALGARY, AB
(713) 789-9400 (403) 259-6600

ERC. EUB, OSHA, NEPA

P /cousticat consuuants
NOISE CONTROL ENGINEERING *

www.HFPacoustical.com/CE :
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. : Circle 251 on p. 50 or go to
Email: hhicks@che.com adlinks.che.com/29253-251

CHemploy

The Career Catalyst for Chemical Professionals

Chemical Engineering knows how hard it is for employers to find top
quality chemical business professionals, and for those professionals to
find the right employers.

Our new Chemploy connects member and nonmember professionals in their
search to find the right career fit. View Jobs. Post a Job. Post a Resume.

ADVERTISE your job opening in Chemical Engineering’s print recruitment
classified section, and get an online posting at a combo rate.

THAT’S A SAVINGS OF $150.00!!

For more information, contact: HGM'C“L
Helene Hicks, Inside Sales Manager NGINEERING
hhicks@che.com or 212.621.4958 www.che.com

Visit us online at www.che.com
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Economic Indicators

PLANT WATCH

Siemens’technology to be used for

IGCC projectin the U.S.

July 19,2010 — Siemens Energy (Erlangen,
Germany; www.siemens.com) has been
awarded a front-end engineering design
contract by SummitTexas Clean Energy

LLC to provide coal gasification and power
block fechnology for the Texas Clean Energy
Project, which will be located in Penwell, Tex.
The new polygeneration integrated gasifi-
cation combined-cycle (IGCC) project will
have a gross capacity of 400 megawatts
(MWy).The plant will also produce urea for
the U.S.fertilizer market.

UNPZ selects CDTech for gasoline
desulfurization unit

July 15,2010 — Catalytic DistillationTechnolo-
gies (CDTech;Pasadena,Tex.; www.cdfech.
com) has received a contract by OAO UNPZ
Ufa Refinery for the license and basic engi-
neering of afluid-catalytic-cracking gasoline
hydrodesulfurization unit in the Russian Federa-
fion.The unit is designed with a treating capac-
ity of 1.26-million metric fons peryear (m.t./yr).

Siid-Chemie invests €60 million in

LFP production

July 12,2010 — Stid-Chemie AG (Munich,
Germany; www.sud-chemie.com) is invest-
ing approximately €60 million in the produc-
fion of lithium iron phosphate (LFP), a high-
performance energy-storage material used
in batteries. A production plant for LFP using
a new, proprietary production process is
planned on the site of the company’s wholly
owned Canadian subsidiary, Phostech
Lithium Inc. (Candiac, Quebec, Canada).
Commercial production will start in 2012 to
reach arate of 2,500 ton/yr.

New contracts for Borouge 3 amount to
approximately $2.6-billion

July 2,2010 — Borouge (Abu Dhabi, UAE;
www.borouge.com), a joint venture (JV)
between the Abu Dhabi National Oil Co.and
Boreallis (Vienna, Austria; www.borealisgroup.
com), has signed several contracts for its
Borouge 3 expansion in Ruwais, Abu Dhabi.
The first contract worth $1,255 billion for the
construction of two Borstar enhanced poly-
ethylene (PE) and two Borstar enhanced
polypropylene (PP) units, as well as the sec-
ond contract worth $400 million for a 350,000
m.t./yr low-density polyethylene (LDPE) unit,
were sighed with the JV consortium Maire
Tecnimont of ltaly and Samsung Engineer-

ing of South Korea.The capacity of the new
PE unitsis 1,080,000 m.t./yr and that of the
new PP units is 960,000 m.t./yr. A third con-
tract, worth $935 million for the utilities and
off-site facilities for the expanded plant was
signed with Hyundai Engineering and Con-
struction of South Korea.These investments
will quadruple Borouge's production capac-
ity fo over 4.5-million m.t./yr by 2013.

ABB to supply three photovoltaic
solar-power plants in Italy

July 2,2010 — ABB (Zurich, Switzerland; www.
abb.com) has won an order worth $50 mil-
lion from Actelios SpA, through its subsidiary
Actelios Solar SpA, in ltaly to supply three
photovoltaic solar-power plants in western
Sicily.The plants will have a fotal power
capacity of over 13 megawatts (MW).The
main plant will be erected in Spinasanta
with a capacity of 6 MW. Additional plants
will be built at Cardonita (3.8 MW) and at
Sugherotorto (3.3 MW).Once connected

to the grid, the plants will supply around 19
gigawatt hours (GWh) of renewable electric
power each year.The project is expected to
be completed by the end of 2010.

A new copper-mine projectis

planned in Chile

July 1,2010 — Fluor Corp. (Irving, Tex.; www.
fluor.com) has been awarded a contract by
Minera Lumina Copper Chile S.A. to deliver
services for the company’s new Caserones
copper-mine project in central Chile. Minera
Lumina Copper Chile is jointly owned by
Pan Pacific Copper Co.and Mitsui Co. The
project has an output of 3.6 million tons of
fine copper and 87,000 tons of molybde-
num.The project is currently underway and
has a projected completion date in the 3rd
Q of 2013.When it reaches completion, the
Caserones mine project is expected o pro-
cess around 105,000 fon/d of primary and
secondary copper ore.

Lanxess expands butyl-rubber

capacity in Belgium

June 28,2010 — Lanxess AG (Leverkusen,
Germany; www.lanxess.com) will expand
the production capacity of its butyl rubber
plant in Zwijndrecht, Belgium, by 10% fo
meet growing global demand for regular
butyl and halobutyl synthetic rubber.The
company will invest €20 million to increase
capacity by an extra 14,000 m.t./yr.The cur-
rent capacity of the plant is about 135,000
m.t./yr.The expansion is expected to be
completed inthe 2nd Q of 2012.

MERGERS AND ACQUISITIONS

AkzoNobel strengthens packaging
coatings porifolio

July 15,2010 — AkzoNobel N.V. (Amsterdam,
the Netherlands; www.akzonobel.com) has
agreed to acquire the assets of Sweden-
based company Lindgens Metal Decorat-
ing Coatings and Inks, including its majority
stake in the Server Boya JV inTurkey. Closing
is expected fo fake place in the 3rd Q of this
year.Financial details were not disclosed.

...and divests its National Starch business
June 21,2010 — AkzoNobel N.V. has an-
nounced the sale of its National Starch busi-
ness fo Corn Products International. The seller
will receive $1.3 billion in cash, and the buyer
will assume certain pension and employee
benefit liabilities.The transaction, which has
been approved by the Boards of both com-
panies, is expected to close at the end of the
3rd Q of 2010, subject fo regulatory approvals.

Evonik establishes independent

carbon black company

July 12,2010 — Evonik Industries (Essen, Ger-
many; www.evonik.com) is reorganizing its
carbon black activities.On July 1, Evonik Car-
bon Black GmbH was founded as alegally
independent management company under
the umbrella of Evonik Industries. Jack Clem
is CEO and Rainer Wobbe will take over the
position of CFO.The operational headquar-
ters of the company, currently in Frankfurt, will
move to Hanau-Wolfgang on October 1.

BASF merges its Swiss

group companies

July 1,2010 — BASF SE (Ludwigshafen, Ger-
many; www.basf.com) has announced the
merger of its Swiss group companies BASF
Orgamol Pharma Solutions SA, and BASF
Fine Chemicals Switzerland SA, fo asingle
organization.The company arising from
the merger is called BASF Pharma SA and is
based in Evionnaz, Switzerland.

...and plans to buy Cognis
June 23,2010 — BASF SE has reached an
agreement with Cognis Holding Luxem-
bourg S.ar.l.to acquire Cognis for an equity
purchase price of €700 million.Including net
financial debt and pension obligations, the
enterprise value of the transactionis €3.1 bil-
lion.The acquisition is subject fo clearance by
the competent merger control authorities and
is expected fo close by November, 2010. |
Dorothy Lozowski
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Economic Indicators

2070 mEEN 2009

2008

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

650
(1957-59 = 100) May‘10  Apr'10  May'09 (Appual Index:
Prelim. Final Final
CEIndex 558.2 555.3 509.1 2002=395.6 | 600
Equipment 6702 666.0 596.8 2003 = 402.0
Heat exchangers & tanks 629.9 622.6 529.9
Process machinery 631.8 625.4 583.0 2004 = 444.2 550
Pipe, valves &fittings 828.3 829.5 748.1 2005 = 468.2
Process instruments 424.8 426.7 389.0
2006 = 499.
Pumps & compressors 903.1 902.4 896.7 006 = 499.6 500
Electrical equipment 473.2 4725 458.9 2007 = 525.4
Structural supports & misc 697.5 688.7 602.4 2008 = 575.4
Construction labor 327.4 327.3 326.6 450
Buildings 513.9 508.9 4854 | 2009=521.9
Engineering & supervision 339.7 341.4 347.9
Starting with the April 2007 Final numbers, several of the data series for labor and compressors have 4y J FMAMGUJGJASGOND
been converted to accommodate series IDs that were discontinued by the U.S.Bureau of Labor Statistics
CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEARAGO
CPloutput index (2007 = 100) Jun.'10 = 88.6 | May.'10 = 88.6 Apr.'10 = 88.7 Jun.'09 = 82.6
CPI value of output, $ billions May.'10 = 1,796.3 Apr.'10 = 18546 Mar. 10 = 1,866.7 | May.'09 = 1,519.0
CPl operating rate, % Jun.'10 = 71.6 | May."10 = 7.4 Apr.'10 = 715 Jun.'09 = 65.4
Producer prices, industrial chemicals (1982 = 100) Jun.10 = 2677 | May."10 = 27238 Apr.'10 = 2740 | Jun.'09 = 2328
Industrial Production in Manufacturing (2007=100) Jun.'10 = 89.6 May.'10 = 90.0 Apr.'10 = 89.1 Jun.'09 = 82.7
Hourly earnings index, chemical & allied products (1992 = 100) Jun.'10 = 154.1 May."10 = 91.0 Apr.'10 = 90.1 Jun.'09 = 83.7
Productivity index, chemicals & allied products (1992 = 100) Jun.10 = 120.6 May.'10 = 92.0 Apr.'10 = 91.1 Jun.'09 = 84.7
CPI OUTPUT INDEX (2007 = 100) CPI OUTPUT VALUE ($ BILLIONS) CPI OPERATING RATE (%)
120 2500 85
110 2200 80
100 1900 75
90 1600 70
80 1300 65
70 1000 60

JFMAMUJJASOND

JFMAMUJJASOND

Current Business Indicators provided by Global Insight. Inc., Lexington, Mass.

JFMAMUJJASOND

MARSHALL & SWIFT EQUIPMENT COST INDEX

(1926 = 100) 2nde@  1st@ 4th@ 3d@ 2nda O
2010 2010 2009 2009 2009 B
M & S INDEX 1,461.3 11,4483 1,446.5 1,446.4 1,462.9
Process industries,average — 1,522.1 1,5103 1,511.9 15151 1,534.2 1470
C t 1,519.2 1,508.1 1,508.2 1,509.7 1,532.5
Chemical 14935 14818 14831 14858 15048 4
Clay products 1,505.6 1,496.0 14943 14958 15129 1440
Glass 14164 1,403.0 1,400.1 1,400.4 1,420.1
Paint 1,527.6 15151 1,514.1 1,5151 1,535.9 1425
Paper 14301 1,4164 14158 14163 14356 B
Petroleum products 1,625.9 1,6156.6 1,617.6 1,6252 1,6435
Rubb 15642 1,551.0 15605 1,560.7 1,581.1 1395
Related industries
Electrical power 14140 1,389.6 15377.3 13708 13947 1380
Mining, milling 1.569.1 1,552.1 1,548.1 1,547.6 1,562.9 1365
Refrigerati 1.786.9 1,772.2 1,769.5 1,767.3 1,789.0
Steam power 1,488.0 1,4750 1,470.8 1,471.4 1,490.8 1350
Annual Index: 1335
2002=1,104.2 2004=1,178.5 2006=1,302.3 2008=1,449.3 1320
2003-1,123.6 2005-1,244.5 2007=1,373.3  2009=1,468.6 g W A

Marshall & Swift's Marshall Valuation Service® manual. 2010 Equipment Cost Index Numbers reprinted and
published with the permission of Marshall & Swift/Boeckh, LLC and its licensors, copyright 2010. May not be
reprinted, copied, automated or used for valuation without Marshall & Swift/Boeckh's prior permission.

CURRENT TRENDS

copital equipment prices (as
reflected in the May CE Plant
Cost Index) continue fo climb
according toward a typical mid-
year peak, but the gap between
the 2010 index and the 2008
index is widening.

Meanwhile, Current Business
Indicators from Global Insight, Inc.
show that CPl output was essen-
tially flat from May to June, and the
operating rate climbed only slightly.
Note that industrial production,
and hence the CPl output index,
was changed from a 2002=100 to
2007=100 base on June 25. Like-
wise, the basis for Industrial Pro-
duction in Manufacturing changed.

Visit www.che.com/pci for
more on capital cost trends and
methodology. W
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Process Economics Program Review:
ExxonMobil's Ultra High Viscosity Index
Poly Alpha Olefin Lubricant Blend Stock

The two dominant ultra high viscosity index (UHVI) poly alpha olefin (PAO) producers across all
grades are ExxonMobil and Ineos, with 35% of market share each. SRI Consulting's (SRIC) latest
review looks at the UHVI PAO market and examines closely one of the dominant producers,
ExxonMobil. ExxonMobil owns a PAO trademark with its Mobil-1™ formulated brand of fully synthetic
blend stocks for high severity lubricating oil applications, and uses the trade name SpectraSyn Ultra™
for this viscosity range grade of products (150-600 cSt).

In this review, SRIC's analysis shows that a grass root, stand alone UHVI PAO plant with a design
capacity of 5,000 metric tons per year can be built on the US Gulf Coast with a total fixed capital cost
of approximately $US10 MM. When operating at full capacity the total manufacturing cost for the
UHVI PAO plant is approximately $US 2500/mt, providing an acceptable rate of return given the
premium pricing for these product grades.

The review includes:

* |ntroduction

« Synthetic Fuel Business Impacts
® Industry Status e Overview of UHVI PAO Technology
* Suppliers e Proposed Process Design Basis
* Demand Growth * Proposed Process Design
* Product Pricing e Process Economics

For more information and to purchase this review, contact Angela Faterkowski,
+1 281 203 6275, afaterkowski@sriconsulting.com or visit our website.

www.sriconsulting.com/PEP

Smart Research. Smart Business.
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For energy consumption and plant efficiency to be assessed objectively and true savings measures implemented, targeted
energy monitoring is required. At Endress+Hauser we provide tailor-made energy monitoring for steam, air, gas, oil,
water, electricity, heating and cooling. Additionally, we offer everything you need to achieve your energy-savings
potential: precise measuring instruments, intelligent devices for data recording and transfer, and the support you need
to analyze and evaluate measured energy data. www.us.endress.com/ems

Endress+Hauser, Inc

2350 Endress Place
Greenwood, IN 46143 Sales:  888-ENDRESS E n d Fress+ H auser

inquiry@us.endress.com Service: 800-642-8737
WWWw.us.endress.com Fax: 317-535-8498 People for Process Automation
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