Industrial Yeast Production with Corn Derived Sugars

BIOMOLECULAR ENGINEERING Team 2
PhucLam Dinh, Matthew Hogan, Kaden Kovarcik, Ivan Lin, Jefferson Van A JAMES CLARK
SCHOOL OF ENGINEERING

DEPARTMENT OF CHEMICAL &

* Food insecurity is a widespread issue with few WATER! ) ]__) Upstream —_ Aspen Plus
solutions —— Bioreactor
* Yeast-based foods provide a cost-effective yet - ) || S i~
.. . SGHF;ITTC}?_% E8 gszws L
NULrtious solution. | = r ooy e | L = Aspen Plus
* Yeast bioreactors typically use molasses as a sh| A1 _ Bioethanol
. " CO2S(QRUB . EMo4C
sugar source Whlch_ must be imported from other Unst s cLefnar | P from Corn
countries to the United States pstream —— ,[j ~ ' WP&WE@:@;} Model
- Corn is the most widely produced crop in the @J [ e =
_ EMo2c EMO03  EMO2H EMOGH CO2WATER |- SACHARIFICATION
United States masts i masns Jo cooreDt | £
e e f M0 ! AT : : : ..
o X ACD % 118 = « Liguefaction: Initiates breakdown of complex
(5 o o —— polysaccharides into smaller sugar chains.
S CL Y 7 (Baker’s Yeast) o , accharification: Main hydrolysis, both enzymatic
L - N O - cFUBE COOLER, RO PERM2 TRDH20 | and Weak_aCIdIC
WY - 3 QWASTE > LIQWAST2 P spum2. "é{

P Yk VSR 48 conct] | g -

o ‘ v ooml=—=3p— Downstream 2.) Yeast Bioreactor — Python
ObJeCtlve Process corn fOI’ USE as a Sugar — SPLIT3 9*% CONC3 | WASTE — 18.42 Gz + 2.E4NH3 + 5.42 E‘EHIEE}E — 13.17 EHl.EIGU.SINU.l? + 19.34 E‘E?E + 23.95 Hzﬂ
source for industrial yeast production o PERMS

[orucesor >f = 3.) Downstream — Aspen Plus
LIQUIDOU

« Centrifuge: Removes yeast from growth broth

« Filtration: Separates yeast from any process

o | ro=n . contaminants
Kinetic rate laws used In | "t~ "tmaxe,  KV3S, v ys— Sugar Mass (51 o = f he final
- . ryer: Removes any excess water from the fina
EherlbI:Ogi&g;c;ttrolgenr]r?]gre1:ation _ .o . product
. . TE - HE* max €, . KV, +5, K, +0x 1507 o . .
* 2= FEthano! Oxiaation s . 4.) Design Alternatives
* 3 = Sugar Oxidation e, S, o 3 . 2 .
T T3 M e, K45, K, +0m e £ « CO2 Absorption Column
= Q)X — i 3 » Corn Stover Sugar Source
‘ Mass Balances for sugar, . 0
ISII:"E;JL 0 Tlvl Tﬂﬁﬂ . .
= Fs = Gt ox ethanol, and total liquid | _ N
volume 0 5 10 15 20 0 5 10 15 20 .
5, I T where: Time (h) Time {h) « 8,000 kg/hr of dry yeast using proven upstream
S S X = yeast mass - Ethanol Mass (S2) } Oxygen Concentration (Ox) and downstream methods
: : ] I
W, _ = rate of enzymel . » 6,000,000 L water for CO, scrubbing to reduce
dt in VI = enzyme concentration a0 - g emissions from 1.2% to 507 ppm
— = E 2- '
dle, /e, ) 5, e, =2 . = . . . . -
i = Oy g+ B — e+ e i) — (X + B ) i » E  Financial analysis projects a $44 million annual
=1, b o -
2 4 5 profit and 33% ROI
o) (LB et et %) (S v+ PG || ) § =
= (pn T — E Eu x - rv. e %
dt 2, 2 KV +5, K +0 j=13 1] 2, max I - & o0 Referen CeS
A(e/€; o) 5 X €, i Seri . . “A Kinetic an ransfer im row r in
dtJ - (p‘ﬁ, max + B}(l — &+ EHE KV +5 H’Df+ﬂx:| o {'—E:l:arjﬂj + B){ EE.mM} 0 - 18 \,N :ﬁd?Jsﬁiealoéi(I\)/lre,aec’;[tslrs.ﬁ (;(he?r:igaﬁ Sngiﬁzzgi-nz j(iirrlm\g(l),dve(ll,.[o8§, ng?a1t(-33t,hle4GM(;r.thO(])cl?Tol:)e. 3921\7(322,[4
J=% ||] '5 16 ﬁ 2::] EIII é 1ID ﬁ EID www.sciencedirect.com/science/article/pii/S1385894700003533#aep-section-id16,
) - . Time (h) Time (h) https://doi.org/10.1016/S1385-8947(00)00353-3.
d0x — I a(f}'x o GI} o (q} 272 + ¢ 3 3 ] X 2. Seider, W. D.; Lewin , D.R., Seader, J.D., Widagdo, S., Gani, R., Ng, K.A., Product and Process
dt L 2 Y 3 ¥, 7V Design Principles : Synthesis, Analysis, and Design. 4th Ed. Wiley, 2017.

l 2
Balances for relative enzyme concentrations

3. Aspen Plus Bioethanol from Corn Model; AspenTech.
4. Yeast, Explore. “What Is Saccharomyces Cerevisiae?” Explore Yeast, 4 May 2023,
www.exploreyeast.com/what-is-yeast/what-is-saccharomyces-cerevisiae/.

Result of the Python Code model for Simulating Yeast Kinetics.
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