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Reduce the energy bill ?
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Group work : the A of Agir

e What are the ways to reduce the energy bill
and what is needed to decide
— Prepare an ordered list of actions

* what to calculate ! Phys. units !
* what Is needed ! (Parameters)

* where to find the information ?
- e |0 min for establishing a work plan
 —(Class discussion
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The present situation
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Calculating the bill of heat supply (hot utility)

T Combustion gases

Air 4 : )
< ) Q =11 - (b1 — hy)
> Steam n=— Q
>©/ 5 > ms - Lhvs
Eipy = 1ig - lhog T 3 o= ine ”Z; s oHP kT
Fuel

tyear

Cruel = / (¢ (t) - Thg(t) - Lhos)dt (CHF/year]

Heating bill (congotant price of heat):

Cpl CHF/year] = Q - ¢) * Top
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Heat recovery by adding a heat exchanger
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A : What is needed

e Process modification
— New flowsheet : configuration of energy saving
— Operating conditions

e Operating cost savings [CHF/year] from AQ:X for the expected life time
— Expected Cost of energy for the life time of the heat exchanger

* Heat supply: [CHF/kheat]

* Cold supply: [CHF/K]cold]
* Refrigeration supply: [ CHF/K/refrigeration]

— Operating time (¢, [s/year]) =>
AQIKW or  kJIs] - c}[CHF/kJ] - 1, [s/year] = Savings [CHF/year]

e Capital cost expenses [CHF/year]
— Size of the equipment

— Investment required [CHF]

— Annualisation [CHF/year]

* expected life time
* Interest rate
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A : What is needed

e Capital cost expenses [CHF/year]
= Size of the equipment
— Investment required [CHF]
— Annualisation [CHF/year]

* expected life time
e |nterest rate
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Heat recovery by adding a heat exchanger
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Heat recovery : size of the heat exchanger
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Heat exchangers

shell and tubes

N o) s
htep://www.techformengineering.com/heat-exchanger.html She]l

Outlet Inlet Baffles

http://www.essaarequipments.com/
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http://www.arabianoilandgas.com
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Counter current heat exchanger model
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Heat transfer
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dQ = U(Thot — Teora)dA

/ ¢ Fluide chaud

/ Couche limite fluide chaug

Encrassement fluide chauc

Paroi d'échange

S
= kW -

S =

see prof Thome Lectures

/

Encrassement fluide froid
Couche limite fluide froid

Fluide froid

Fluid heat transfer resistance

1 e 1

hot )\ (eold

Conductivity
Often deglected

Fouling
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Heat transfer coefficient

Wime =C

Condensing steam
Boiling water

Water forced convection
Water natural convection
Condensing refrigerant
Boiling refrigerant
Organic condensing
Organic boiling

Organic Liquid

Organic gases
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Air forced convection
Air natural convection
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M

v
"1
r




Sizing by heat exchanger model
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I:ul't!. in

Qe:z: = Mpot Cphot (Thot,in - Thot,ex) = Mecoid Cpcold(Tcold,em - Tcold,in)

Qeac - Uem Aem AT’lm

ACB _ (Thot,in - Tcold,ew) - (Thot,e:c - Tcold,in) |f Cp iS constant
(Thot,in - Tcold,ea:)

In
(Thot,ex — Tcold,in)
1 1 e 1 With: o
— + —+ L ||'-"il',-' Tr= | H| the slobal heat transier coellicient of the heat exchanger;
Uex Xcold A QXhot tveatd KW m /K]  the film heat transfer coefficient of the cold stream;
Q e [RW /= /K] the film heat transfer coeflicient of the hot stream;
ex = A — A AW/ m /K] the thermal conduetivity of the tubes;
UemAﬂm 0 [m] the thickoess ol the tubes,



Estimating the investment

e Capital cost expenses [CHF/year]
v Size of the equipment
= nvestment required [CHF]
— Annualisation [CHF/year]

* expected life time
e |nterest rate
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Calculating the best size of the heat exchanger

What is the best value of the DTmin
In a heat recovery project
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Heat recovery by adding a heat exchanger
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Project evaluation

e Project evaluation

— Buying a new heat exchanger

1 i(144)"
CAPEX|[CHF/year] = I k1 (A)F2 q (+ Z)n)_ ,

— Energy savings
* Operating cost reduction (OPEX)

BOPEX = [ g Ocenerny Ot — [ it
years

years

— Profitability
* Compare AOPEX(+) and CAPEX(-)

(t)Cenergy (t)dt
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Energy savings values

Teotd,in cold,ex
Tf“”"mmd T(‘nfd.!m‘qd
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Heat exchanger size for a given AT, .

@ Qex(ATmzn) - Mhotcphot (Thot,in - (Tcold in T AT?TLZTL))
T. f

Teotd.ex

cold,in

T; ,
hot target Tf-niri.mr_r;rf
- TJ’Jnl’_f,r' Tflr)l'_r'il
T A€ .
L Qho?

Thot.in Q (Qcold Qex (ATmzn))

O
/ Tf‘m'd.f(u*_r;d @ .
Thot,e:c = Tcold,z’n + ATlmin T AT / cold,ex i Qea:

Tcold,eac — Tcold,z
M co1dCpeold

§ Thc:«r.fﬂrgr:! Q . | Q(?rr .

- Qcota - Y Qex

: -

: B Q(kW) - Ue:c ACZﬂhn
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The calculation is made using a sequence of of resolution that is established for a given AT, ..
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ATmin value : optimization problem

Decision variable

/\/'

minar, . TotalCost = OCer (AT in) + ICer (AT in)
Objective function

OCe:c(ATmzn) — (Ccold : (Qhot - Qex(ATmzn)) + Chot * (Qcold - Qex(ATmzn))) : timeyear

Ocex(ATmin) = <(Ccold ) Qho[ + Chot Qcold) _ Qex(ATmin) ) (Ccold + Chot)) ) timeyear

i(1 + §)"es

[Cex(ATmzn) — ((1 + i)nyem —1

)aex (Aea: (ATmzn))bex
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ATmin value : optimization problem
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Annual cost as a function of ATmin
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ATmin value : optimization problem

minar,,,, TotalCost = OCer (AT in) + 1Ces (AT in)

OC@:E (ATmzn) — (Ccold : (Qhot - Qem(ATmzn)) + Chot * (Qcold - Qex(ATmzn))) : tim@year

(LA g)Yes Qez(ATmin) .,
[Cea(Amin) = (e =1) %" (G ATy (A T)

o AT

min

— Operating time

value depends on

— Heat transfer coefficient

— Heat load

— Energy cost

— Type of heat exchanger

— Cost of the heat exchanger

— Investment strategy
* interest rate
* expected life time
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ATmin value : for cheaper energy cost
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Couts en fonction du DTmin
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What is the ATmin?

Minimum approach temperature difference

Energy - Investments Trade-off

$A

Energy

Capital

-

o

DTmin

Small ATmin

Big ATmin

- high heat exchange area
-> high investments
- high heat recovery

-> small operating costs

- Small heat exchange area
-> small investments
- Small energy recovery
-> High operating costs
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DT min calculation

e Defines a temperature difference that makes the heat
recovery exchangers profitable for an expected constant
energy cost over the lifetime of the heat exchangers

— based on the NPV criteria => profitability
— based on return on investment => risk

— based on internal rate of return => risk
e Compare the different criteria
e When “optimized”

— DTmin means economic feasibility of heat exchanger
investment

* A higher investment would not be compensated by
Increased energy savings cost

* A lower investment would lead to lower energy savings cost
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