Technical Scene

Benefits of Automating

Shear in Starch Cooking

Maintaining Optimal Pressure Drop Increases Ethanol Yield

This article is based on a presenta-
tion by Jim Zaiser, vice president of engi-
neering and operations, Hydro-Thermal
Corp., Waunkesha, W1 (§00-952-
0121). Zaiser spoke at the Interna-
tional Fuel Ethanol Workshop and
Expo, June 20-23, 2006.

Jetcooker

The Jetcooker™ is a critical compo-
nent, and the first step, of the liquefac-
tion process in ethanol production. It is
generally located after the slurry tank,
where a slurry of corn mash, water, and
enzymes is formed. A pump feeds that
slurry into the Jetcooker, where it is
mixed with steam. Heating the mash in
the Jetcooker is the first step to opening
the starch molecules so the enzymes can
break it down into sugar.

Maintaining a constant pressure drop
across the Jetcooker will optimize shear,
mixing characteristics, and overall perfor-
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mance efficiency. Adjustments can be
made to maintain the optimal pressure
drop during operation even as process
conditions change. This is done by ad-
justing the size of the gap between the
combining tube and nozzle (See Illustra-
tion 1 on this page).

As the gap is widened or opened, the

pressure drop is decreased (lower shear).

As the gap is narrowed or closed, the
pressure drop is increased (higher shear).

Adjusting the size of the gap can be

done by turning the drive nut, which ro-
tates the drive shaft, moving the combin-

ing tube stud and combining tube laterally.

Automation . Automation controls
also can be added which automatically
adjusts the position of the combining
tube as needed to maintain the desired
pressure drop.

Illustration 1

The control panel receives signals rep-
resenting differential pressure setpoints and
signals from pressure transmitters in the
slurry inlet and discharge. Pressure measure-
ments are compared to the target setpoints
and signals are sent to the pneumatic pack-
age to adjust the combining tube position.

Optimum position. If the gap be-

tween the combining tube and nozzle is
too large, there is low shear and low pres-
sure drop. This results in incomplete starch
conversion, which is a loss of efficiency.

If the gap is too small, there is high
shear and excessive pressure drop. The
result is excessive wear to the internals
of the Jetcooker and increased
pumping cost. See Illustration 2.

The target for this study was to approach

the theoretical maximum yield. By optimiz-
ing the combining tube position, the plant
was able to more closely reach this maxi-
mum (See lllustration 3). The optimal dif-
ferential pressure, and therefore opening size,
is going to be different for each ethanol
plant. Many factors will come into play such
as incoming viscosity, flow rate, combining
tube diameter, size of the Jetcooker, tem-
perature, and slurry make-up conditions. An
optimal combining tube position can be es-
tablished by testing for the minimal pres-
sure drop, which produces optimal starch
hydrolysis.

Golden Triangle Experience

Ron Bennett, maintenance manager

at Golden Triangle, Craig, MO,

shared the plant’s experience with

automating its Jetcooker. Bennett out-

lined the typical parameters of its etha-

nol production process:

e Starch levels of corn measuring
about 72%.

e Corn grind steady at 500 to 600
microns.

| —
Unleashing the Energy of Biofuels™
v




e Fermenter temperature target is 90
degrees F.

Several process variations at the plant
justified automating the jet cooker
including:

e Slurry tank has varying input flows
and therefore resultant temperatures.

e Target flow rate varies by 5%.

e Pre-gelatinization of starch caused
by varying temperatures and tank pre-
heating methods.

e Dough balls: inconsistent agitation. Size
ranged from BB to very large clusters.

To determine the optimal pressure drop
for the Golden Triangle, the plant started
with 30 psi. This required de-bottlenecking.

Bennett said he couldn’t achieve that
pressure drop and he didn't want to
change pump sizes. The solution was to
remove pressure drops in other parts of
the process. This was done by removing
a restrictive valve and installing a valve
on a pump ahead of the jet cooker.

The differential pressure drop was
increased in 5 psi increments. Sugar and

alcohol concentrations were measured
and relative sugar and alcohol contents
were evaluated via kinetics curve.

Benefits. At 42 psi, there were some
fermentable sugars left over. The enzyme
dosage was changed to convert the sug-
ars to alcohol. Optimizing the shear point
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resulted in a 1% gain in alcohol volume
or a 5% increase in alcohol production.

To put that into context, consider theo-

retical yields which say it is possible to
achieve 93% yield. Realistic production re-
sults are more commonly achieving 85%
to 90%. Optimizing its shear point allowed
Golden Triangle to reach a 90.5% efficiency.

Simply put, the plant was able to pro-
duce more gallons of ethanol with the
same amount of corn and other inputs.

There is a certain point where the
maximum efficiency is achieved. A plant
needs enough differential pressure but
there’s no benefit in having too much.

Why it Happens

If the gap between the combining tube
and nozzle is too big, the starch stream is
too thick for the steam to penetrate. Pen-
etration of the starch is only 50% to 75%.

When the gap is narrowed, the ve-
locity is increased to a point where the
starch stream is thinner and therefore
the steam can penetrate 100%. This al-
lows for instantaneous and efficient way
of mixing steam and the starch molecules
resulting in instant hydrolysis.

Secondly, pre-gelatnized starch particles
are mechanically broken into smaller sizes
by a properly adjusted combining tube. This
results in complete starch conversion.

[llustration 2

Reprinted with permission.

[Mustration 3

Return on investment . Golden Tri-
angle initially saw a 5% increase in sugar
conversion. The continual optimization
of automation is estimated to be a mini-
mum of 1% increased efficiency.

Total cost of jet cooker automation is
about $50,000. A 1% production increase
for a 20-million-gallon-per-year ethanol
plant is worth $400,000 (with ethanol sell-
ing at $2 per gallon). That means a plant
could recoup the investment cost of the

automation in two or three months.
-End-

About Hydro-Thermal Corporation

The leader in DSI for over 70 years, Hydro-
Thermal has a strong legacy in first generation
biofuels, with Jetcooker heaters in over 125
ethanol plants worldwide. This knowledge has
been successfully leveraged to second generation
biofuels. Let Hydro-Thermal apply this expertise
to your cellulose project.

Hydro-Thermal Corporation

400 Pilot Court

Waukesha, Wl 53188 U.S.A.
800-952-0121 262-548-8900
www.hydro-thermal.com
info@hydro-thermal.com
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