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Exercise 01

General

FINAL GOAL:
» Calculate the energy bill of an industrial process
* Propose heat recovery options

* Optimize ATmin by minimizing total annual cost
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Exercise 01

Process under study

Assumptions:

No heat recovery possible during «Evaporation»
Cooling water

Liquid water ¢, = 4.178 kJ/kg/K p = 996 kg/m? Lt
Refrigeration cycle COP =4 i—mndensati{m
Nboiter =85 % L{?EES Elec
<
Acola = Apor = 1000 W/m?/K Natural X
. Boiler i
Resources costs: g2 o DL |y [evaporation
Natural gas: 0.09 CHF/kWh steam| 4 cond ,
160°C 160°C Losses Cooling water
Water: 0.01 CHF/m3 4 25“%35“[
Electricity: 0.15 CHF/kWhe 4?&@ Evaporation WKJWK&JF
6 kW/°C 5.5 KW/°C

Process operating data:
Process operating time 8000 h/y
Life time: 20 years

Investment cost functions
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Exercise 01

Question 1

CALCULATE THE ACTUAL ENERGY BILL:

1. Identify the resources
2. Quantify the resources

3. Calculate the operating cost

Losses
Natural
gas Boiler

Losses

T

Evaporation

i—cundensatiﬂn

Cooling water

v1

X Elec
-«

25°

125°C
5.5 kKW/°C

» evaporation

Cooling water
35°%C
—»> —>
30°C 4°C

F. Belfiore, A. Santecchia, R. Amoedo

ME-451 — Advanced Energetics 2018/2019

October 8th, 2018



Exercise 01

Question 1
CALCULATE THE ACTUAL ENERGY BILL: Cooling water
L4
condensation
Losses f
f Elec
Natural gas S X <
Natural, -
Qboiler oiler ;
Nboiler = g lG 9QNG g—’| “(i » evaporation

] steam| “* cond
Cooling water 160°C 160°C Losses Cooling water

25° 35°C
QCW cooler — mCW coolercp CWATCW T C;L[;\JT\
E* =0 Evaporation——» > —>
Qevap + B — Qeona = 45°C \__,,» 130°C L 2P 125°C &_,/’ 30°C L) 4°C
COP — Qevap 6 KW/°C 5.5 KW/°C
L+

QCW,cond =Qcond = Mcw,cond Cp,CWATCW

Mew tot = Mcw cooler T Mew cond

Electricity
COP = Qevap
E+
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Exercise 01

Question 1

CALCULATE THE ACTUAL ENERGY BILL:

Natural gas

h

0Cye = [CHF :

|- OnalkW] - ¢ |2

Cooling water

OCcw = Ccw [CHF] Mew tot lkg]

Electricity
CHF

OCelect = Ce kW h
e

- ET[kW] -ty

Total energy bill:
0C = OCng+ OCcw + OCepect

=151
2 is] 3600 ]t [ = [ 5]

=15
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Exercise 01

Question 2

HOW IS THE HEAT RECOVERY POSSIBLE?
1. Identify the heat recovery option(s)

Losses
Natural
gas Boiler Air

Losses

T

Evaporation

Cooling water

v1

VL—-:43nn:iens.ati{ran
X Elec
-«

» evaporation

Cooling water
25° 35°%C
—»> —>
125°C 30°C 4°C

5.5 kKW/°C
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Exercise 01

Question 2
HOW IS THE HEAT RECOVERY POSSIBLE? Cooling water Me
1. Idenfitiy the heat recovery option(s) Ty 1T
condensation
Tfl;e f!clald is heatetd I{p in the boiler and cooled down Losses ATurs .
after the evaporator: 4+ 5°C e
heat the fluid before the boiler b e | Boil
Preheat the fluid before the boiler by using gas oiler | Ajr : A
= the hot one before the cooler M: —>{ evaporation
steam| “}cond Cooling water M AT
g 160°C| | 160°c  Losses 5°C
T T 35°C
. : 2 N Ta T7
[Qboilerl QCWl — > ocC l J | - @ 2;—*300( Evaporation . ’_}3[1’3(2 _}4‘*(:
EMECD}H
BUT 5.5 KW/C

An additional heat exchanger has to be installed
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Exercise 01

Question 3

WHAT IS THE OPTIMAL ATmin?

kw
°C

kw
Cpc = 65 > Cppy = 5.5

C T3—T./
T3 =125°C, Ty =45°C, T3, =Ty + ATmin , Ty =Ty + p(TaTy)

Cp’(;
T, —T 1) T 1 T
pmrp = L= T) ~ s 2 1)
In (—T3 — Tl')
T3/ _ T1
Qox (ATmiN) s
A, (ATmin) = U=
ex U-LMTD (ATmin ) aczld-l-/ﬂ‘:“r:ot
Cp ox (ATMin) = —It 10k1+kz log Aex(ATmin)+k3(log Aex (ATmin))?
’ tref
' . i(1+ )"
ICex(ATmln) = FBMex ) CP,ex(ATmln) ' 1+ -1

= ATmin at the inlet of the cold flow/outlet hot flow
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Exercise 01

Question 3

WHAT IS THE OPTIMAL ATmin?

1. Express the investment cost of the HEX as a function of ATmin

2. Express the new operating cost as a function of ATmin

The operating cost of the boiler and the cooling water is decreased

OC(ATmin) = 0Cyg(ATMin) + 0Coy (ATMIN) + 0Cyppct
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Exercise 01

Question 3

WHAT IS THE OPTIMAL ATmin?
1. Express the investment cost of the HEX as a function of ATmin
2. Express the new operating cost as a function of ATmin

3. Find the optimum ATmin by minimizing the total annualized cost

min TC(ATmin) = {IC,,(ATmin) + OC(ATmin)}

ATmin

The pay back time of the additional investment is:

. _ CBMex
PayBack 0C — OC(ATminopt)

Cost per year [kCHF fyear]

Total cost

Investment cost |
| — Operating cost

ATon [C
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Exercise 01

Question 4

WHAT IS THE OPTIMAL ATmin TAKING INTO ACCOUNT ALL THE INVESTMENT COSTS?

1 compressor and 2 heat exchangers (consider a constant temperature difference = 5 °C for both)

min TC(ATmin) = {IC(ATmin) + OC(ATmin)}

ATmin

Is the optimum ATmin different wrt the previous case? Why?
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