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Equipment preference Equipment
Centrifuge Al - CVP Vacuum Pump
Centrifuge AZ = Weighed Juice Pump 1
Centrifuge B1 g Weighed Juice Pump 2
Centrifuge B2 ~ Weighed Juice Pump 3
Centrifuge AJB Lifting Pump 1
Centrifuge C1 Lifting Pump 2
Erl;f?ifuge c2 Process Pump 1
Centrifuge C3 Process Pump 2
Centrifuge C4 Spray [Desuperheater) Pump 1
Centrifuge C5 Spray [Desuperheater) Pump 2
Centrifuge C6 Spray [Desuperheater} Pump 3
let Water Pump 1 Cooling Water Pump (Bail} 1
Jet Water Pump 2 Cooling Water Pump (Boil} 2
Jet Water Pump 3 Cooling Water Pump (Baoil} 3
Injection Water Pump 1 Condensate Pump (tab) 1
Injection Water Pump 2 Condensate Pump (tab) 2
Injection Water Pump 3 Condensate Pump (tab) 3
Bagasilo Fan f Cndensate Pump (pal) 1
Feed Water Pump 1 (Motor) by Cndensate Pump (pal) 2
Feed Water Pump 2 [(Turbine) % Cndensate Pump (pal) 3
Feed Water Pump 3 [Turbine) Clarified Juice Pump 1
Knife Cutter 1 Clarified Juice Pump 2
Knife Cutter 2 Clarified Juice Pump 3
Shredder C-Melt Pump 1
Mill Turbine 1 C-Melt Pump 2
Mill Turbine 2 Hot Water Pump for Cntrifuge A/B 1
Mill Turbine 3 Hot Water Pump for Cntrifuge A/B 2
Mill Turbine & Lime Milk Pump 1
g Mill Turbine 5 Lime Milk Pump 2
X |Screen Pump 1 Lime Milk Pump 3
i Screen Pump 2 Cane Washing Pump 1
Screen Pump 3 Cane Washing Pump 2
= UnScreen Pump 1 Cane Washing Pump 3
'E UnScreen Pump 2 Unloading Carrier
= UnScreen Pump 3 Main Carrier
i imbibinon Pump 1 Washing Carrier
Imbibihon Pump 2 Drag Carrier
Imbibition Pump 3 Leveler 1
| Turbine Generator 1 - Leveler 2
Turbine Genarator 2 ] s Intermediate Carrnier 1
g [Gland 5team Fan 1 i : Intermediate Carrier 2
% | Gland 5team Fan 2 - E Intermediate Carrier 3
FD Fan {(Motor ) 1 Intermediate Carrier 4
FD Fan {Motor ) 2 Belt 20/
FD Fan {Turbine) 1 Belt 208
FD Fan (Turbine) 2 |Belt 21
|vacuum Filter Pump Belt 22
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preference | Unit Equipment preference | Unit Equipment
Clean and Cludy Pump 1 Utility Water Pump 1
Clean and Cludy Pump 2 Utility Water Pump 2
Clean and Cludy Pump 3 Utility Water Fump 3
Clean and Cludy Pump 4 Utility Water Pump 4
Clean and Cludy Pump 5 Utility Water Pump 5
Clean and Cludy Pump & = Clarified Water Pump 1
Clean and Cludy Pump 7 = Clarified Water Pump 2
Circulation Castic 5oda 1 E Clarified Water Pump 3
Circulation Castic Soda 2 i Clarified Water Pump 4
Transfer for Soda Pump 1 Clarified Water Pump 5
Transfer for Soda Pump 2 Compressor 1
Clarifier Mud Pump (tank 1} 1 = |Compressor 2
Clarifier Mud Pump (tank 1) 2 E Compressor 3
Clarifier Mud Pump (tank 2} 1 Compressor 4
Clarifier Mud Pump (tank 2} 2 ASB Maolasses Pump 1
Phosphate Pump 1 AfB Molasses Pump 2
Phosphate Pump 2 A/B Molasses Pump 3
3 sweenting of Water Pump 1 A/8 Molasses Pump 4
Sweenting of Water Pump 2 AfB Molasses Pump 5
; Syrup Exteration Pump 1 (set 1) Final Molasses Pump 1
Syrup Exteration Pump 2 (set 1) Final Molasses Pump 2
Syrup Exteration Pump 1 (set 2) & 9 Vertical Liquidation Pump 1
Syrup Exteration Pump 2 (set 2) E g Vertical Liquidation Pump 2
Hot Water Pump (in) 1 E Vertical Liquidation Pump 3
f Hot Water Pump (in) 2 v s Vertical Liquidation Pump 4
§ Cooling Recirculation Pump 1 AfB massecuit Pump 1
- Cooling Recirculation Pump 2 AfB massecuit Pump 2

Cooling Recirculation Pump 3

Mixer for Pan 1

Mixer for Pan 2

Mixer for Pan 3

Mixer for Pan 4

Mixer for Pan 5

AfB massecuit Pump 3

A/B massecuit Pump 4

C Massecuit Pump 1

C Massecuit Pump 2

C Seed Pump 1

C Seed Pump 2

Hot Water Pump (out) 1

Hot Water Pump (out) 2

Hot Water Pump (out) 3

Hot Water Pump (out} 4

Raw Wter Pump 1

Raw Wter Pump 2

Raw Wter Pump 2

Raw Whter Pump 4

Raw Wter Pump 5

Irrigation Wter Pump 1

Irrigation Wter Pump 2

Firefighting Diesel Pump

Firefighting motor Pump

Backwash Pump 1

Backwash Pump 2

Backwash Pump 3

Potable Wter Pump 1

Potable Wter Pump 2
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Now, however, Zhang and friends at Virginia Tech appear to have built a high-density

fuel cell that uses an enzymatic pathway to create a lot of electricity from glucose. There
* % doesn’t seem to be much information on how stable this biobattery is over multiple refills,
"~ but if Zhang thinks it could be commercialized in three years, that's a very good sign.
Curiously, the research paper says that the enzymes are non-immobilized — meaning
Zhang found a certain battery chemistry that doesn’t require the enzymes to be kept in
ce... or, alternatively, that it will only work for a very short time.
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Energy densities of varicus battery types. "15% Maltodextrin”, in dark blue, is the
battery being discussed here.

ic(3

The Virginia Tech biobattery uses 13 enzyF;ne(s,)pIus air (it's an air-breathing biobattery),
to produce nearly 24 electrons from a single glucose unit. This equates to a power output
of 0.8 mW/cm, current density of 6 mA/cm, and energy storage density of 596 Ah/kg.
This last figure is impressive, at roughly 10 times the energy density of the lithium-ion
batteries in your mobile devices.

If Zhang's biobatteries pan out, you might soon be recharging your smartphone by
ouring in a solution of %15 maltodextrin. That battery would not only be very safe (it
produces water and electricity), but very cheap to run and very green. This seems to fit
in perfectly with Zhang's homepage, which talks about how his main goals in life are
replacing crude oil with sugar, and feeding the world.

S,
L ] .r j dy -
such as pacemakers.

The prototype is similar in size to a typical AA battery. This means that the battery could last at
least twice as long as conventional lithium-ion batteries on a weight-for-weight basis.
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Anenzyme cascade sings electrons from glacose and tums it inlo elscincity that
could ke used to power a mobile phone & NPG
pic (4)

As mentioned before, sugar is an excellent source of energy. Most living cells generate their
energy from glucose by passing it down an enzymatic chain that converts it into different sugars. =
This enzymatic cascade provides the necessary energy to create an electrochemical gradient.
This, in turn, can be used to power an enzyme that synthesises adenosine triphosphate (ATP) —
the universal biological energy currency. However, extracting this energy from a sugar if you'r
not a biological organism is tricky. -
To fuel their battery the team used maltodextrin — a polymer made up of glucose subunits. They
then created an entirely new synthetic enzymatic pathway to extract energy from the sugar.
Mimicking nature

In contrast to natural catabolic pathways for cellular glucose oxidation, the team’s artificial
pathway does not rely on ATP as an energy carrier. Instead, the researchers used two redox
enzymes to oxidise glucose, generating reduced nicotinamide adenine dinucleotide (NADH ":-\,r:.i'
the sugar is broken down. Another 1. enzymes further breakdown the sugars and feed them
back to the redox enzymes to produce more NADH, with water and carbon dioxide the only by-
product. NADH is a reducing agent and is described as an electron shuttle that carries electrons :
in living cells from one molecule to another. -
In the battery, NADH first transfers the electrons stripped from the glucose to a mediatc Wi '
the help of an enzyme. The mediator then delivers these electrons to the battery’s ele
ready to power an electronic device. In this way, the battery mimics the way a living cell t
electrons from one molecule to another to generate power.

For the battery to get onto the market, the researchers must now tackle two ot

increasing power density and lifetime.
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SUGAR-POWERED BIOBATTERY HAS 10 TIMES THE
ENERGY STORAGE OF LITHIUM: .
YOUR SMARTPHONE MIGHT SOON RUN ON ENZYMES A

} TRAMNSLATED AND EDITED BY SAHAR REZAEI SHOOSHTARY
MSC. MICROBIONOGY

SAHAR.SHOOSHTARY@GMAIL.COM

As you probably know, from sucking down cans of Coke and masticating on candy, sugar
— glucose, fructose, sucrose, dextrose — is an excellent source of energy. Biologically,
speaking, sugar molecules are energy-dense, easy to transport, and cheap to digest. There is ¥ &
a reason why almost every living cell on Earth generates its energy (ATP) from glucose. Now,
researchers at Virginia Tech have successfully created a sugar-powered fuel cell that has an
energy storage density of 596 amp-hours per kilo higher than lithium-ion batteries. This fuel
cell is refillable with a solution of maltodextrin, and its only by products are electricity and
water. The chief researcher, Y.H. Percival Zhang, says the tech could be commercialized in‘as&
soon as three years.

Now, it's not exactly news that sugar is an excellent energy source. As a culture we've probably
known about it since before we were Homo sapiens. The problem is, unless you're a living
organism or some kind of incendiary device, extracting that energy is difficult. In nature, a
enzymatic pathway is used — a production line of tailor-made enzymes that meddle wit

5l

to break down glucose into electricity (biobatteries), but it has historically proven v
to find the right pathway for maximum efficiency and to keep the enzymes in the ri
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