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Pasteurisation Section - Past 5
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To do

m Initialization: Plot T vs Q and identify DTmin

m Investment costs (CAPEX)
o HEX area
o HEX costs
o0 HEX annualised costs

m Operating costs (OPEX)

O Heating costs
o Cooling costs



Initialisation

* Tereamo = T1 = 60°C (cold stream)
* Terpasty = Tz = 75°C (hot stream)

- (m "Cp )cold = (m ’ Cp)hot

= T{ and T, must be optimized ~ =60

= Thanks to .5 slopes, one can see that the AT,,;,, occurs between
T,and T{ |

- Tll =Ty, — ATpin
= Energy balance is required to find T,

Speaker »



Investment costs (CAPEX) — HEX area

Qex
n A = —_—
ex U-LMTD
1 1 e 1
= = +-+
U QAcold A Qhot

= ¢ : thickness [m]

= A :thermal conductivity [%]

kW J
m2-K
= Assumptions e < 1; Qepig = Aot = U = =
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(Th,in_Tc,out) _(Tc,in_Th,out)

Thin~Tcout
In hin ,
Tc,in_Th,out

» ¢ : heat transfer coefficient l

* LMTD =



Investment costs (CAPEX) — purchased costs

G, = ’tf- 10%2+k2(108(4e)) for k; and k., see Turton p.913 [$]
tre

* Cpu =Fpy - Cp- e e : currency exchange rate [CHF/$]



Investment costs (CAPEX) — annualisation

(1+i)"
(1+i)"-1

= Annualization factor : a,, =

* i :investment rate [-]
* n : number of years [-]

" [Cox = Cpp -y



Operating costs (OPEX) — heating costs

1. Calculate the outlet temperature of the mixer
2. Calculate the new heat load of HEX past6

3. Calculate the heating costs linked to this heat load using price of
natural gas and boiler efficiency

. . . Qpast6
OCheating =Cng* Qng ’ top =Cng* “lop
Nboiler
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Operating costs (OPEX) — cooling costs

5.

. Calculate the new heat load in cry, 447

Calculate the electric work required by the refrigerant cycle

: Q t7
Weiec = %

Calculate the required mass of cooling water

Qwater = Qpast_7 + Weiec
Qwater

mwater -

Cp,water

The resulting operating costs are :
OCelec = Weiec * Cetec Lop

OCyater = Mwater * Cwater * top

OPEX = OCyygter + OCelec

Units
Celec [CHF/KWIL]
Cwater [CHF/kg]



Conclusion

= TOTEX = OPEX + CAPEX
= Final goal : find the value of AT,,;,, which minimize the total costs !

Annual cost as a function of ATmin

35000 , I | —
Investissement ——
[ Energie ——-
i : Total t===*
g | TotalCost A AT,;
g 25000 Total e ex(ATmin)
LC |
B ™| (i)
— 20000 //_,”/ |
P s
S i Energy
O 15000 -
=
5
S 1m0 f |
< Capital
5000 - |
ATmin ICem (ATm’L’n)
0 | 1 | | |

5 10 15 20 % 3
Optimum  omin ¢0)



