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Background

The cheese making process is the transformation of raw Initial Testing Methods
milk into a solid cheese product. During this, solid curds

Table 1: Testing results for quantities of lactose and whey protein COSt Brea kdOW“

_ , , « Lactose: Reversed-Phased High Performance Liquid present in liquid whey samples before any implementation. The : k
move on to become cheese and |IC|UId Whey Is drained Chromatography (RP-HPLC) Imhoff cone results for cheese fine concentrations at 6- and 8- Material ost (USD)
as a by-product. Currently at Tillamook, the liquid whey + Whey Protein : Bicinchoninic Acid (BCA) Protein Assay ";‘”“teld'“harq:\;g“es- pee pp - Tier 1
. . . . . ample ines ines .
s separated during curd formation, and it flows to large Results Location | Lactose | Whey | @ 6.min | @ 8.min Testing $349
holding tanks before undergoing centrifugal clarification , , . (mg) Protein | discharge | discharge | [Tier 2
orocess » Establishes baseline quantities (g/L) (%) (%) 4031y < 02 257
. . .« o . . - ensor /
h t fane t crifuaal wh , « Determined that the clarifier is the area of focus due to decrease in
: : " P T30-3HY S 2,865
cre are WO Steps 1o centritugal Whey processing. lactose and whey protein quantities post-clarification oo Clarif 25410 0 66 026 095 et )
clarification, followed by skimming. Both the clarifying Imhoff Cone Verification re-Lianty - - ' ' MDX75 Transmitter $3,300
separator and skimming separator work by spinning the , . , Post-Clarify | 242.56 9.49 0 0.004 | IShipping $180
» : : « Used to measure the cheese fines ratio in the whey stream for Tier 1 '
whey at high speeds to allow the different components chowed d £ ch . tration after clarificats Total 68 597
to separate and remove the undesired components, I owe ecrtease ?c ihee(j,e |hne copc:n ral |onta. €r clarification Post-Skim 248.66 |  10.35 L
: : « Improvements verify the discharge interval matrix
cheese fines and fat, respectively. Centrifuge Equipment $1090740
| Tier 1 —_ Discha rge M atrix Sanitary Piping & Installation $140,000
Foundation Drawings $2,500
Cheese Fine Accumulation (m) Table 2: Optimal discharge timing matrix Instruments & Controls $60,000
i soft Chamn \ m =0 x*C fg;‘;;;“ Fines Load (%) Programming/Integration $30,000
\ 0.1 0.15 | 0.2 0.25 | 0.3 035 |04 | 045 |05 0.55 | 0.6
ectonpot \ C = cheese fines (ml cheese fines/ml whey) 154 197 | 13.1 |98 [79 |66 |56 |49 |44 |39 |36 |33 Whey Balance Tanks $80,000
: 157 192 | 128 |96 | 7.7 6.4 [55 |48 |43 3.8 3.5 3.2 . .
\ Q= flowrate (|b/hl‘) 161 188 [ 125 [94 [75 [63 [54 [47 [42 [38 [34 Centrifuge Foundation $85,000
165 183 | 12.2 ] 9.2 7.3 6.1 52 |46 |4.1 3.7 3.3 ‘e .
| Utility connections $50,000
° ° 169 179 | 11.9 | 8.9 7.2 6.0 |5.1 45 140 (36 |33
Figure 1: Cross section of the clarifying separator D|SCha l‘ge Time (V) 173 175 | 11.7 [88 [7.0 [58 |50 |44 [39 [35 Electrical/Controls $50,000
‘ g 0.75V 177 17.1 | 11.4 | 8.6 | 6.8 57 |49 |43 3.8 3.4 '
e e t = ' 180 168 [ 11284 [67 [56 |48 [42 [37 [34 Floor Restoration $7,500
5z o () (Q)(p) 184 164 [109[82 [66 [55 [47 [41 [36 [33
LY \/ . larifyi ; holdi 35 b 188 16.1 [10.7 |80 |64 |54 |46 [40 |36 |32 Total $1,595,740
= maximum rryin rator IN 8110579 [63 [53 [45 [39 [35 |3
/ o aximum clarifying separator holding space (35 1b) {1 LS Hea e 18 1 1o s s 2 30% Contingency $478,722
disk stack v — £ " (o)
— \ ™ = fines accumulation (%) T} LN Er B EOM M EEREE $2,074.462
s spce Q = flowrate (GPM - Ib/min) 207 146 |97 |73 |58 |49 [42 [36 |32 .
o \ . | - 3.68 Ib/qal 21 143 195 |72 |57 [48 |41 [36 [32 Benefits
" = gaensity oTr whe . a _ Optimal _ Under 4 mins _ Under 3 mins . . . .
piston P y y ( 9 ) " discharge time (not recommended) [ (not feasible) Tier 1: |mprove5 operations by d|scharg|ng at more
ot X X . . accurate timing with no implementation cost to
Figure 2: Cross section of the skimming separator TI er 2 — Automatlc Tu rbld Ity Sensor Tillamook.

The problem statement is to optimize the centrifugal Tier 2: Same as Tier 1 but additionally can account for

whey process to increase whey protein and lactose S$40-3HY o | variability in real time.
reczvery from the liquid by-product of the cheese Placed pre-Clarifying Separator to measure a higher i N Y Tier 3: Would lead to 25% capacity increase solving a
Making process. concentration of suspended solids. 1 5 \ﬁ current problem with over capacity.
. . ) Payback Period
ObJECtlves Placed post-Clarifying Separator to ensure cheese fines are * 4 y . o . . .
H ic t tifv whev and lact oteins and removed before future steps. - The increase in profljc, given Tier 3, is estimated to be
.e.g(?a 510 qua . Ty Whey a . a.C oge protel ,S a . . Figure 3a: S40-3HY schematic (left) and snapshot (right) $23'849 per day, an increase of $51962 Per day
minimize the protein loss to optimize Tillamook's unit Installation
operations of clarification and separation of the liquid »  MDXT75 transmitter connects 3 sensors and automatically \'d
whey bY'P"QdUCt generatec! from ’Fhe Fheese controls the clarifier’s discharge via HMI or alarm activation. e - ACknOWIEdgementS
manufacturing process. Project objectives are: » Install the sensors on vertical flow pipes and away from llEnp Tk e carior cunofe O North America N
» Quantify whey protein and lactose of samples pumps to reduce bubbles that would affect the readings. 1 Quality Engineer o ?r:)eygspsrﬁf: - SZ?;ZYET;TGSQS\,@EELal'St
thrgugh laboratory analy.5|s.. N | « Turn off the sensors during CIP to lengthen the lifespan; the 1 . prakun Ba_ttTye S“T”e'ﬁﬁL?faﬁVﬁiijg';”t'st Mifﬁizs’;,? 2 University Testing Labs
° De5|gn a method for achlevmg minimum protein CIP |iquid IS too hot for the sensors. Figure 3b: T30-3HY schematic (left) and snapshot (right) Ehﬁzelrj\r?kira Cheese Operations . Br. épthﬁny Sg;?i”eﬁ&saad Sharief
: : : * Ru utia - !  Dr. Eric Hegg en Fang
oscsjes J\c/vhlle It<ee.pJ|[ng to industry standards and vanager . Dr. Barry Bradford & Dr. Laman
oudget constraints. ® ° * Ryan Woodlee — Whey Plant Mamedova
g Tler 3 — Pla nt Retool I ng Supervisor  Dr AIocin\; Evangelyn

Quadbeam Technologies Ltd
I  Geoff Letcher — Director of db
CO n St ral nts Plant 1 | PLANT ONE/TWO, CURRENT |PLANT ONE, FUTURE - PARALLEL Teec%noﬁ);ieesr rector of Quadbeam

: : « Plant 2's current clarifying and skimmin — S
Design constraints are: . ying , J )
, , . separator are integrated into Plant 1's setup B |
o (I;/.Iaxrl]mum .chteheselfm? gccumulatlton of 35 Ib before . Clarifying separators placed in parallel | » ] R o - 1. Bylund, G. (20132 Cekntri;‘u%al szparatorsand miIII(< standardization. In Dairy
IsCnarge in the claritying separator S . . I = . - T Processing Handbook 2" Ed.: Chapter 6. Tetra Pak Processing Systems AB.
o g ) y . g p . prlorltlzes |0nger dlSCharge times Every 3.6 Mins Y [ Evevr\/ 8.5 Mins | Y l Swee?&hvey https://dairyprocessinghandbook.tetrapak.com/chapter/centrifugal-separators-and-
* Modifications of operatlonal parameters for cIarlfylng C C|ar|fymg separators placed iNn series PLANT TWO, FUTURE | PLANT ONE, FUTURE - SERIES Cheese Fines milk-standardization. ISBN-13: 978-9176111321.
" " mi . e - . — 2. GEA. (n.d. - b). Centrifuges & Separation Equipment.
;sfpahrator a.nd skimming separator are limited to prioritizes optimal cheese fine removal — httpsy//www.gea.com/en/products/centrifuges-separation/indexjspZi=dairy-
ISCharge time. Plant 2 ( | i { 1 . processing&m=dairy-processing&m=dairy-processing-dairy-ingredients
e Meet Tillamook's budget of $1 M. e Purchase of |arger cIarifying and sklmmlng llj %t_rl | Ylﬂr!ﬂ; L Y EL_%'E' 3. Quadbeam. (2020). S40-3HY Inline Hygienic Style 3A Certified.
; : : - = =—U y Disc/ Disc/r Dlsc/be__ ¥ https://www.quadbeam.com/products/s40-3hy-inline-hygienic-style-3a-certified
« Meet BAE Department’s senior design budget of separator for better capacity and B [oen[ &1 s | [eonl 45 Tum 1 [oen| 212 v 3. Quadbeam. (2020, -b). T30-3HY Hygienic Style.
$1 000. performa nce Figure 4.: Current setup (top.left) ann95|de plant one's (right) and two's (bottom left) future https://www.quadbeam.com/products/t30-3hy-hygienic-style
setup with corresponding discharge times 4. Tillamook. (2019). Food safety and product quality.

https://www.tillamook.com/stewardship/inspired-consumers/product-quality.
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